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General introduction, aims and outline of this thesis

A historical perspective

A proximal femoral fracture, or more commonly known as a hip fracture, is an injury
with millions of cases around the world each year. It is a condition that is as old as
humanity itself. From ancient civilizations to the modern era, the treatment of hip frac-
tures has undergone significant transformations driven by advancements in understand-
ing of anatomy, vascularization, anesthesia, infection control, and surgical implants (1).
Before focusing on more current developments it can be interesting to look back to
where the level of modern care, we are now used to, started:

In antiquity and the middle ages, hip fractures were almost exclusively managed nonop-
eratively, with methods such as immobilization, traction, and traditional bone-setting
techniques (Figure 1). Hippocrates, the famous Greek physician, already mentioned
techniques of immobilization and provided reduction through traction of femoral
fractures using splints and bandages in his Hippocratic Corpus (2). He also, accurately,
assumed that anatomical reduction and fixation of, what he called, ‘micromovements’
improves fracture healing (2, 3). While some fractures may have been caused by
(violent) high-energy trauma, age-related fractures were more common than one would
expect based on the low crude life-expectancy figures (4, 5). While infant and child
mortality was generally high, if childhood was survived many people lived well into
their sixties and even seventies. This would make them susceptible to age-related disease
such as osteoporosis and associated hip fractures, in a surprisingly similar fashion to our
modern times (6). While for many patients a hip fracture could mean complete loss
of mobility and often a death sentence, there are examples of patients surviving and
regaining mobility. One such examples is archacological evidence found at an ancient
cemetery near Erculam in southern Italy. Archeologists found remains of an older man
who sustained a hip fracture somewhere between the first and second century AD (7).
This ‘patient’ shows a healed fracture of the femoral neck that resulted in significant leg
shortening. The right foot shows bony alterations that appear to have developed as a
consequence. The severity of degenerative joint disease in the knee and ankle suggests
that the injury occurred years before the man’s death and he regained (restricted) mobil-
ity in the period after the fracture. This case and other similar findings show that people
could adapt to impaired mobility in the past using only rudimentary tools and available
pain medication. Fracture healing and return of mobility was possible but only if they
had people that could care for them and assist them during recovery and later life. For
the less fortunate a hip fracture would mean loss of occupation, extreme poverty, and in
many cases death secondary to severe complications. One could imagine that this was
a very painful and lengthy process that forever changed, not only the patient’s life, but
also the lives of the people around them. It shows the possible impact of (untreated)
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hip fractures and how far we have come in the previous millennia, but also that some
problems still remain similar.

Later, during the late Renaissance and Enlightenment era, there was a resurgence of
interest in anatomy and surgery, leading to modest improvements in fracture manage-
ment (8). Surgeons began to explore more invasive procedures, albeit with rudimentary
tools and very high rates of mortality and complications. Invasive surgery mainly lim-
ited itself to treatment of infections trough amputation and the opening and drainage
of cysts and abscesses. It was not until the Victorian era and early modern age with the
invention of narcosis (“rendering patients unconscious to torture”) and later antiseptics
and antibiotics that more complex operations could be conducted and the first experi-
ments using the scientific method started to take place (1, 8, 9). After implementation
of these advancements, progress moved in quicker succession and various types of
implants were development since the start of the twentieth century. Many advances in
orthopedic and trauma surgery were made during or shortly after both Worlds Wars.
Examples are the first intramedullary nails by Gerhard Kiintscher (1939), hemiarthro-

Figure 1: The Scamnum or Hippocratic bench.

It was used to treat various types of fractures, including femoral fractures and was a forerunner of more
modern traction and bone setting devices.

Painting by H.M. Hayman, 1923, Wellcome collection London
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plasty devices by Austin Moore (1939), sliding hip screws by Ernst Pohl (1951), and
low friction total hip replacement by John Charnley (1962), eventually leading to the
diverse hip fracture care we know today (10, 11). These historical changes show the
constant drive for improvement and refinement of our hip fracture care, with each new
finding creating new possibilities and shifting the goals of both care and research.

The global hip fracture epidemic

Although hip fractures were already a common occurrence, the previous century saw
a huge increase in life-expectancy in industrialized countries. As people aged, the in-
cidence rate of age-related diseases increased. This led to an increase of conditions like
cancer, cardiovascular disease, and importantly osteoporosis (12, 13). Osteoporosis is
characterized by a low bone density, microarchitectural disruptions, and skeletal fragil-
ity, resulting in decreased bone strength and an increased risk of fractures (14, 15).
Osteoporosis and increased fall risk in older patients are the most important risk factors
for hip fractures (16). Despite large scale fall prevention campaigns, and early treatment
and detection of osteoporosis, hip fracture incidence rates worldwide increased to an
estimated 182 per 100,000 person years in 2019, and Are expected to increase even
further in many countries (17-19). Due to these large increases in incidence rates, hip
fractures have become one of the leading causes of disability and mortality in the elderly
population worldwide (19, 20). In the Netherlands specifically, the absolute number
of hip fractures doubled between 1981 and 2008 in patients over 65 years (21). In
addition to their effect on individual quality of life and mortality, hip fractures are a
substantial drain on resources, in both health care costs and associated indirect costs
(22, 23). Previous research also found a worrying increasing trend among the oldest age
groups (80+ years) and forecasted a relative increase in the number of fractures among
the male population (21). More than a decade later this poses the question whether we
can expect the ‘global hip fracture epidemic’ to persist in the Netherlands or have we
already passed its peak?

13

i
i
Q
-
=
]

=

%)




Chapter 1

Femoral neck fracture

Trochanteric fracture

—

Subtrochanteric fracture

Figure 2: Areas for hip fracture subtypes

Classification and operative management

While all proximal femoral fractures are often described as a single entity or ‘hip frac-
tures’, they can be subdivided in three distinct anatomical categories (Figure 2): femoral
neck fractures, trochanteric fractures, and subtrochanteric fractures.

The most frequently occurring subtype, about 40-50% of all hip fractures, is the femo-
ral neck or transcervical proximal femoral fracture (21, 24). They can be classified using
the AO and Pauwels classification but are often classified clinically using the Garden
classification (25, 26). Operative treatment of femoral neck fractures can be performed
in many ways including cancellous/cannulated screws, dynamic hip screw, hemiarthro-
plasty, or total hip arthroplasty, depending on the fracture classification, patient status,
goals of care, and the surgeons experience and preferred implant. Recent large scale
international studies have determined that all previously mentioned approaches can be
used with low rates of reoperations and other adverse events, and similar quality of life
(27, 28). For some subgroups of patients, however, specific implants (e.g., total hip ar-
throplasty for younger and more active patients) can have additional beneficial effects.
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I\
A\

Type Al Type A2 Type A3

Figure 3: Trochanteric fracture subtypes as classified by the AO classification
Copyright by AO Foundation, Switzerland.

The second most frequent type of hip fracture, about 40% of all hip fractures, is the
trochanteric fracture (21, 24). This fracture is most commonly classified using the AO/
OTA classification. This classification distinguishes three types of trochanteric fractures
(Figure 3). The stable two-part fracture (31-Al), unstable multi-fragmentary fracture
(31-A2), and unstable intertrochanteric reverse obliquity fractures (31-A3). Treatment
options include extramedullary fixation, using a type of sliding hip screw, or intramed-
ullary fixation, using one of the various types of intramedullary nails (Figure 4). While
intramedullary fixation is the clinically and scientifically favored approach for type A3
fractures (29), the best approach for type Al and A2 fractures is less clear. Several inter-
national guidelines advise extramedullary fixation for Al fractures and consider both
extra- and intramedullary fixation as a viable option in A2 fractures (29-31). Intramed-
ullary devices can cost well over $1000 more than extramedullary options, depending
on the specific device and individual hospital contracts. Extramedullary fixation, or
more specifically dynamic/sliding hip screw is therefore likely the most cost-effective
implant (32, 33). With the high volume of trochanteric fractures fixated each year,
choosing a less expensive implant could make a significant difference. While the Dutch
and British guidelines favor extramedullary fixation for A1 fractures for this reason, the
American guideline considers both fixation types equally suitable. Older literature dis-
couraged intramedullary devices due to a higher failure and reoperation rates (34).
While more recent studies report improving outcomes for intramedullary fixation, the
increasing trend of intramedullary fixation may be caused by other factors than clinical
data alone (35-39). Despite the fact that the optimal device for both type Al and A2
fractures remains a topic of debate, in recent years the use of intramedullary fixation has
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even risen to up to 90% in the U.S. (37, 38). Although superiority of intramedullary
devices remains questionable a similar increasing trend is expected in the Netherlands.
This increase would be contrary to the current guidelines, that advise the most cost-ef-
fective approach: extramedullary fixation.

Subtrochanteric fractures are located up to 5 cm distal from the lesser trochanter and
occur in an area between trabecular and cortical bone where high levels of mechanical
stress can occur (40, 41). Subtrochanteric fractures account for only 3-4% of all hip
fractures in the Netherlands (42). They are a less frequently studied subtype of hip
fractures and the few studies into their epidemiology mention a bimodal age distribu-
tion with a peak in adolescence, due to high energy trauma, and a peak at older age,
due to osteoporosis related fractures (43, 44). These international studies also men-
tion increasing incidence rates and a possible association with bisphosphonate usage.
Whether these findings are also true for the Dutch population is currently unknown.

Intramedullary fixation using a dynamic hip screw (left) and intramedullary fixation using a type of
intramedullary nail (right).
Copyright by AO Foundation, Switzerland.
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Nonoperative management in frail older adults

For all these fracture types the best path of action has historically changed through
the availability of new implants, operative techniques, and recovery pathways. These
changes are set in motion by changes in the general paradigm of what we think is ‘qual-
ity of care’. From internal fixation of the fracture, minimizing complications, to regain-
ing pre-trauma function, and so on. The definition of quality of care is dynamic and
changes based on scientific and technological advancement, time periods, or societal
norms (45). Since the beginning of this millennium, authority-based practice changed
to evidence-based practice. During this decade, one of the prominent changes is the
change from a main focus on quality aspects central to the medical professional (e.g.
complications, success rates, scientific evidence on a population basis/evidence-based
practice, and professional expertise) towards including quality aspects central to the
individual patient (e.g. individual needs/wishes, patient experiences, and perceived
quality of life), and society as a whole (cost of treatment, environmental issues and
relative shortage of health care personnel). What a healthcare provider thinks is the
best treatment and associated outcome, can often differ entirely from what a patient
prioritizes or what society can spend and deliver. The traditional quantitative research is
supplemented with qualitative research, healthcare economics, and patient experiences.
Scientific outcomes are becoming not only a basis for development of new treatment
guidelines for doctors but also a basis for exploration and explanation of pro’s and cons
of treatment options together with patients. Diagnosis with disease X does not mean
treatment A, but a careful discussion of treatment A, B, and C. Where C can also mean
conservative treatment or refraining from further treatment, despite this not being the
scientifically proven ‘best’ treatment option with the longest survival or smallest chance
of complications in large populations.

One of the major novelties in this paradigm within trauma surgery is the ascent of
nonoperative management hip fractures in geriatric hip fractures patients with a short
life-expectancy. While a frequent occurrence in older adults and a routine operation for
many (orthopedic) trauma surgeons, complication rates and mortality are high after
a geriatric hip fracture (46-48). A hip fracture in a frail older adult is often an indica-
tion for an approaching end of life. Advanced age, multiple comorbidities, and severe
mobility limitations are important risk factors for early post-operative mortality after
a hip fracture (49, 50). Studies show that >30% of patients die within one year post
hip fracture, with six-month mortality rates in older adults with dementia exceeding
55%, often with low quality of life in the months preceding death (47, 51, 52). These
patients, in their final phase of life, do not benefit from an operative treatment that
aims to restore mobility. Often they benefit far more from supportive (palliative) care in
a familiar environment. Based on this insight, a shift is occurring in clinical approach,
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empbhasizing the importance of individualized care plans focused on optimal quality of

life (53, 54).

Consequently, a relatively new development in the treatment of hip fractures is the re-
turn of nonoperative management. This is not the conservative treatment using traction
and immobilization, from the ancient times mentioned in the first paragraphs of this
introduction. Nonoperative treatment in modern medicine, is treatment focused on
achieving the best possible quality of life and dying in frail older adults with hip frac-
tures. A recent study, the FRAIL-HIP study, has demonstrated that in a select group of
very frail older adults, health-related quality of life is non-inferior for patients who opt
for nonoperative treatment than in patients who opt for operative treatment (52, 55).
While survival was shorter in the nonoperative group, proxies and caregivers reported
a high treatment satisfaction and quality of dying in both groups. Though not the
leading motive for development of this treatment option, nonoperative management
was also associated with lower costs, leading to a lower burden for both the patient
and society (56). However, this is not a good option for every frail patient. The key
in choosing the right treatment after admission to the hospital lies in well conducted
shared decision making. Previous research reported that some of the most important
aspects in comfortable palliative care for hip fracture patients are control of pain, easy
access to- and communication with your loved ones and a calm and peaceful moment
of dying (57). Other studies also identified maintaining quality of life (over prolonging
of life) and being with family as more important goals of care than hospital admission
and intensive rehabilitation for frail patients (with dementia) (54, 58). It is important
for medical professionals to be able to guide a patient and their family through the
decision process. Combining information about treatment options with the expecta-
tions and wishes for the final stages of life.

Until recently, a major limiting factor for this was the availability of a scientific basis for
nonoperative management and the common perspective that ‘palliative surgery’ was the
only ethical treatment option (59). Since the publication of the FRAIL-HIP study and
linked projects, many hospitals have declared interest in- or started implementing non-
operative management in their regular hip fracture care for specific patients. However,
there are still many hurdles towards effective and uniform nationwide implementation.
Several of the many questions under consideration are: should some groups of very frail
patients even be sent to the hospital or should nonoperative treatment be started with-
out the hassle of hospitalization and diagnostics if this does not align with their priori-
ties for the final phase of life or pre-existing advance care plans?; when these patients are
admitted, what diagnostics should be performed to aid in the decision process?; and by
who, how, and where should the shared-decision making process be conducted?
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General aim

In addition to providing an epidemiological overview of hip fractures in the Nether-
lands, this thesis aims to aid physicians in answering two questions often asked when
treating patients with hip fractures: “What is the superior method of fixation for tro-
chanteric fractures?” and “How to best approach and treat a frail older patient with a
hip fracture?”.

Outline of this thesis

Chapter 1 provides a general introduction to the topic. The current hip fracture care
is placed in a historical perspective, the most prevalent types of fractures are explained,
and the most common types of fixation are described, followed by an overview of recent
developments in nonoperative treatment of frail older adults with hip fractures.

Part I of this thesis focusses on the epidemiology of hip fractures. As our population
ages the absolute number of hip fractures is expected to increase. Chapter 2 discusses
the epidemiology and costs of femoral neck and trochanteric hip fractures in the Neth-
erlands between 2000 and 2019. It also describes changes over time in hospital length-
of-stay, trauma mechanism, and years lived with disability. This analysis is repeated in
Chapter 3 for a less studied and less common type of hip fracture, the subtrochanteric
fracture.

Trochanteric fractures, one of the two most common subtypes, are usually fixated us-
ing an extramedullary or an intramedullary approach. The best approach for fixation
of these fractures is a continuing point of discussion among surgeons. Part II of this
thesis focusses on selecting the best approach for fixation of stable and unstable tro-
chanteric hip fractures. Chapter 4 compares recent literature on current extramedullary
and intramedullary fixation devices in stable trochanteric fractures (AO type 31-A1). It
makes this comparison for functional outcomes, complications, and surgical outcomes/
operation characteristics and determines which device category should be favored based
on the pooled results. While the balance in recent studies seems to be leaning towards
intramedullary fixation, the question of device superiority can also be asked for, specifi-
cally, unstable (AO type 31-A2) trochanteric fractures. Chapter 5 assesses this question
with a systematic review and meta-analysis on functional outcomes, complications, and
surgical outcomes/operation characteristics for unstable trochanteric fractures. On an
international scale many surgeons opt for intramedullary fixation of stable trochanteric
fractures. To assess the situation in the Netherlands, Chapter 6 compares device usage
and outcomes for extramedullary and intramedullary fixation for stable trochanteric
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fractures in several high volume Dutch hospitals using data from the Dutch Hip Frac-
ture Audit.

Part III of this thesis focuses on the treatment of frail older adults with hip fractures.
Often a decision has to be made between operative management or nonoperative (pal-
liative) management. For some institutionalized patients with a limited life expectancy
the question remains whether they should be admitted to the emergency department
with a suspected hip fracture for further diagnostics or if the decision for nonoperative
treatment should take place in the institution where they are living. Chapter 7 com-
pares the treatment satisfaction and outcomes of nonoperatively treated patients that
were admitted to the hospital with patients that remained in the institution where they
resided and received nonoperative treatment for their suspected hip fracture there.

When patients are admitted, an extensive diagnostic process is frequently started.
Chapter 8 describes the number of diagnostic tests performed and discusses the value
of these tests after a frail hip fracture patient is admitted to the emergency department.
After a hip fracture diagnosis, shared decision making is the corner stone in proving
patients with the best care that fits their wishes and expectations for the final stages of
life. It is often unknown how to best approach such a difficult discussion and in which
patient population the option of nonoperative management should be discussed. To
guide physicians and patients in this decision, Chapter 9 proposes a study protocol for
a nationwide implementation of shared decision making on operative and nonoperative
treatment for select frail hip fracture patients with a limited life expectancy. To bet-
ter tailor the decision making process and information provided to patients’ wishes,
Chapter 10 describes a mixed-methods analysis of patients’ and proxies” satisfaction
and views on the shared decision making process around operative and nonoperative
management after a hip fracture in frail older adults, parallel to the nationwide imple-
mentation efforts.

Part IV of this thesis contains Chapter 11 with the general discussion and future per-

spectives and Chapter 12, that summarizes the main findings of the included works in

both Dutch and English.
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Chapter 2

Abstract

Purpose

The aim of this nationwide study was to provide an overview of the incidence rate and
economic burden of acute femoral neck and trochanteric fractures in The Netherlands.

Methods

Data of patients who sustained acute proximal femoral fractures in the period January
1, 2000, to December 31, 2019, were extracted from the National Medical Registration
of the Dutch Hospital Database. The incidence rate, hospital length of stay (HLOS),
health care and lost productivity costs, and years lived with disability (YLD) were calcu-
lated for age- and sex-specific groups.

Results

A total of 357,073 patients were included. The overall incidence rate increased by
22% over the 20-year study period from 16.4 to 27.1/100,000 person-years (py).
The age-specific incidence rate in elderly > 65 years decreased by 16% (from 649.1 to
547.6/100,000 py). The incidence rate in men aged > 90 has surpassed the incidence
rate in women. HLOS decreased in all age groups, hip fracture subtypes, and sexes from
a mean of 18.5 to 7.2 days. The mean health care costs, over the 2015-2019 period,
were lower for men (€17,723) than for women (€23,351) and increased with age to
€26,639 in women aged > 80. Annual cumulative costs reached €425M, of which 73%
was spent on women.

Conclusion

The total incidence of hip fractures in The Netherlands has increased by 22%. Although
incidence in the elderly population is decreasing and HLOS is at an all-time low, the
burden of medical costs and crude numbers of proximal femoral fractures are still rising
in our aging population.
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Introduction

Proximal femoral fractures are one of the leading causes of disability and mortality in
the elderly population worldwide (1, 2). Due to an aging population, the burden of
disease is expected to increase further in the upcoming decades (3-5).

Proximal femoral fractures are generally subdivided into three subcategories: femoral
neck, trochanteric, and subtrochanteric/proximal shaft fractures (6, 7). Proximal
femoral fractures are most common in female and elderly patients. The elderly mainly
sustain a hip fracture after a simple fall and these fractures are often associated with
osteoporosis. Less than 10% of hip fractures occur in adults aged <50 years (8, 9).
Fractures in the younger population are often associated with chronic, endocrine or
neurological diseases, or high-energy trauma (10).

Hartholt ez al. reported that between 1981 and 2008, the absolute number of hip frac-
tures in the Netherlands doubled in patients aged 65 years or older (11). The incidence
rates of hip fracture-related hospital admissions increased with age and the age-adjusted
incidence rate increased from 52.0 to 67.6 per 10,000 persons per year. During the 25-
year study, the total number of hospital days was reduced by a fifth, due to a reduced
admission duration in all age groups. This study, however, also showed a worrying
increasing trend of fracture incidence in men over 80 years, one of the fastest growing
segments of aging societies, and forecasted more growth in fractures in this segment of
the population. More than a decade later, this poses the question of whether we have
adequately stemmed the trend by providing better care and more effective prevention
measures and having more experience treating an aging population. Can we expect this
epidemic of hip fractures to continue or have we already passed the peak?

No recent epidemiological analysis of the Dutch hip fracture population, in the last
decade, has been published and few studies publish data on specific fracture locations.
Population-based knowledge on the occurrence of specific fracture types and age groups
is essential for the allocation of health care services, optimization of preventive measures,
and providing a more accurate forecast for the future. The aims of this study were to
examine long-term population-based trends in the incidence rate, trauma mechanism,
and hospital length of stay and to assess the current health care costs, lost productivity
costs, and years lived with disability for patients with femoral neck or trochanteric hip
fractures, admitted to a hospital in the Netherlands between 2000 and 2019.
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Methods

In this retrospective epidemiological study data were collected for patients admitted
to a hospital in the Netherlands with a hip fracture in the period January 1, 2000,
up to and including December 31, 2019. The methods are similar to previous studies
(12-15). Injury cases were extracted from the National Medical Registration (LMR) of
the Dutch Hospital Database (DHD), Utrecht, the Netherlands. The DHD collects
hospital data from all hospitals in the Netherlands with a uniform classification system
and has an almost complete national coverage (missing values < 5%, except in 2007
12%). These figures were extrapolated by the Netherlands knowledge center for injury
prevention (VeiligheidNL) to full national coverage for each year. An extrapolation fac-
tor was estimated by comparing the adherence population of the participating hospitals
with the total Dutch population each year using the population data obtained from
Statistics Netherlands (16). Patients are included in the LMR for their main diagnosis at
discharge, defined by the International Classification of Diseases (ICD) 9th and (since
2010) 10th revision. Codes for hip fractures are presented in Supplementary Table S1.
Injuries include both traumatic and pathological fractures. This study mainly focused
on the femoral neck and trochanteric fracture subtypes. Subtrochanteric fractures were
considered a separate entity within the hip fracture population, with a different age
distribution and larger proportion of high energy and pathological fractures (17). Sub-
trochanteric fractures, 3.9% of proximal femoral fracture in the 20-year study period,
were therefore excluded from the analysis.

The study was exempted by the local Medical Research Ethics Committee Erasmus MC
(MEC-2022-03206)

Outcome measures and analysis

Incidence rates

Age- and sex-specific incidence rates were calculated in 5-year age groups for each year
of the study. Due to low incidence rates in the age groups below 50 years, those groups
were combined in 0-24 and 25-50 years. Incidence rates were standardized for age (per
age group) and sex using a direct standardization method, as used in previous studies
(12). In short, the age- and sex-specific incidence rates per 100,000 person years were
calculated based on the Dutch mid-year standard population (calculated using the for-
mula ((Nas + Nagi9)/2). In 2013 there was a change in diagnosis registration systems,
leading to a decrease in registration numbers for this year and, to a lesser degree, the
following 2 years.
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Trauma mechanism and hospital length of stay

Data regarding hospital length of stay (HLOS) and trauma mechanism were extracted
from the LMR database for the previously mentioned age groups. Trauma mechanisms
were categorized as “fall due to all causes” versus “other”. Fall included both domes-
tic accidents (fall from person-height or fall from stairs) and non-domestic accidents
such as fall from a bicycle or fall from height. To assess trends in HLOS and trauma
mechanisms over time, the mean HLOS and percentage of trauma mechanisms were
averaged over 5-year intervals from 2000 to 2019. Cumulative HLOS was calculated by
multiplying the means per case with the total number of cases.

Health care costs and loss of productivity

To assess the current health care costs and loss of productivity, data on patient numbers
and health care use were retrieved from the LMR database for 5-year age categories
and males and females separately. These were supplemented with data from a patient
follow-up survey with questions relating to health care use outside the hospital, work
absence, and health-related quality of life (HRQoL) using the EQ-5D questionnaire,
conducted in a random sample of patients at 2.5, 5, 9, and 24 months after injury
(18). The Dutch Burden of Injury Model was used to assess the health care costs of
injury (15, 19, 20). Health care costs of injuries were calculated by multiplication of
the incidence, health care volumes (e.g., length of stay in hospital or institution, the
number of outpatient visits, general practitioner visits, home care hours, and physical
therapy treatments), and unit costs (e.g., costs per day in hospital). National guidelines
for health care costing were used to estimate unit costs (21). Medical costs included
ambulance care, in-hospital care, general practitioner (G.P) care, home care, physical
therapy, social support care, and rehabilitation/nursing home care.

Productivity costs were defined as the costs associated with production loss and replace-
ment due to illness, disability, and premature death (22). Loss of productivity costs were
assessed using data from the LMR and a patient survey on health care use as described
previously (15, 18, 23). To estimate costs for productivity loss for all patients aged
15-64 years the absenteeism model was used. Additionally, the friction cost method
was used because healthcare needs are most substantial in the first year after injury
for the majority of injuries (24). To calculate the annual costs, data were averaged for
the 2015-2019 period. For all cost calculations 2019 was used as the index year. Costs
were calculated for the previously mentioned age-categories and for males and females
separately.

Years lived with disability

The number of years lived with disability (YLD) was calculated as described previously
(12, 15, 21). HRQL was assessed using the EQ-5D questionnaire, mentioned above
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(18). The YLD was obtained by linking the incidence data (subdivided into injury
diagnosis groupings) with disability information which is the proportion of injury cases
with lifelong consequences, and injury-specific disability weights of temporary and
lifelong consequences. The disability weights were derived from empirical follow-up
data on the health-related quality of life of individual trauma patients and adjusted for
population norms, age, and gender (18, 25). The disability weight reflects the impact of
a health condition in terms of health-related quality of life; it has a value ranging from
1, indicating the worst imaginable health state, to 0, indicating full health (25). To
assess the trends over time, data were averaged over 5-year intervals from 2000-2019.
Data were calculated for the previously mentioned age categories and for males and
females separately.

Available data did not allow for extrapolation of costs and YLD for hip fracture sub-
types. Analyses for both costs and YLD were all performed for the combined fracture
population including femoral neck and trochanteric fractures.

Results

Incidence rates

Between 2000 and 2019, 357,073 patients were admitted with a femoral neck
(224,307) or trochanteric fracture (132,766) in the Netherlands. Figure 1A,B shows
the total number of femoral neck and trochanteric fractures per year. During the study
period, the total number of femoral neck and trochanteric fractures shows an increasing
trend for both sexes.

Figure 1C,D shows the incidence rates per 100,000 person years (py) for both fracture
locations. In femoral neck fractures, men showed an increasing trend (35.7/100,000
py in 2000 to 53.0/100,000 py in 2019), while the incidence in women remained
relatively constant over time (96.8/100,000 py in 2000 to 96.2/100,000 py in 2019).
Trochanteric fracture incidence increased both in men (from 16.4 to 27.1/100,00 py)
and in women (from 48.4 to 64.1/100,000 py). Overall this amounts to an increase of
22% in incidence rate across both subtypes of fractures over the 20-year period (99.1 to
120.5/100,000 py).

Despite this overall increase in incidence rate, the elderly of 65 years and older (Table
1) display a different trend. In this subgroup, incidence even decreased by 16% overall
(from 649.2 per 100,000 py in 2000 to 547.6 per 100,000 py in 2019). This can pri-
marily be attributed to a decrease in female >65 years fracture incidence 850.0 to 706.5
per 100,000 py (-17%) versus 358.5 to 362.5 per 100,000 py (0.1% increase) for males.
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Figure 1: Patient numbers (A and B), incidence rate (per 100,000 person-years) (C and D), and age-
related incidence (per 100,000 person-years) (E and F) of femoral neck fractures (A, C, and E) and
trochanteric fractures (B, D, and F) in the Netherlands in the years 2000-2019

Data are shown for all patients (green) and for males (blue) and females (red) separately. For Figures E and
E data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015-2019) and are
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+.
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In the same time period the incidence rates of femoral neck fractures in all patients >65
years decreased by 23% (431.5 to 332.4 per 100,000 py), where trochanteric fracture
rate decreased by only 1.1% (217.7 to 215.2 per 100,000 py).

Figure 1E,F shows the age-specific incidence rate for the four consecutive 5-year time
periods of the study. Incidence rates increase with age for both fracture types, but
the increase becomes less prominent over time. However, in femoral neck fractures,
incidence rates for men in the highest age group (2015-2019; 90+ years) have sur-
passed incidence in women (men 1,470/100,000 py versus women 1,386/100,000 py).
While age specific incidence rates have decreased over time in femoral neck fractures,
in trochanteric fractures, an increase in incidence rate could be seen up to 2010 in the
highest age group in men, after which incidence rates stop increasing and seem to have
plateaued in the most recent years. The overall incidence in trochanteric fractures has
slightly decreased in the most recent five-year period in both sexes.

Table 1: Age related incidence rates (per 100,000 person-years) of femoral neck and trochanteric frac-
tures for both sexes in 2000 and 2019
Age group Femoral neck Trochanteric

2000 2019 2000 2019

Males Females Total Males Females Total Males Females Total Males Females Total

. 1
Incidence rate

< 50 years 5.2 2.9 4.0 5.7 2.5 41 22 0.9 1.6 25 0.9 1.7

> 50 years 111.2 2899 2073 127.6 230.0 180.6 51.3 146.0 102.2 657 1544 111.6
> 65 years 245.8 559.7 431.5 239.2 4125 3324 112.7 290.3 217.7 123.4 294.0 215.2
> 80 years 759.8 1,239.0 1,094.1 673.8 911.3 819.7 353.5 751.9 631.4 3572 769.7 610.7
Total 357  96.8 66.6 530 962 748 164 484 325 271 64.1 457

Tncidence rates per 100,000 person-years

Trauma mechanism

The proportion of patients sustaining a femoral neck or trochanteric fracture due to
a fall increased with age from 65.0% and 62.5% in the 0-24 age group to 97.3% and
98.0% in the 90+ age group for femoral neck and trochanteric fractures, respectively
(Supplementary Figure S1). This effect remained fairly constant over time in the 4 study
periods. During the entire study period, the proportion of falls was consistently slightly
higher in women than in men, except for the youngest age group. In the 0-24 year age
group in 2015-2019, men show a notably larger fall percentage than women for both
fracture types (femoral neck: 73.8% versus 67.9%, trochanteric: 65.5% versus 42.9%).

36



Trends in incidence, health care consumption, and costs for proximal femoral fractures in the Netherlands
between 2000-2019; a nationwide study

A Femoral neck Trochanteric
307 - M (0004 307 -+ M (0004
- 09 “* M (05:09)
W (1014 - W (10:14
- M (15:19) - M (15:19)
= 2 = 2
0 @
g - F(1519) ! g - F(15:19) o
z s O i
@ @ 18 7
8 8 o\
M s =
] 5 3
a; a; 12 2
3 3 =
i ] ]
= T =
e =)
I EEEEEEEREER] I EEEEEREEEER]
3§ 8 % &5 3B S 3§ % % 3% 85 F% 3 8 3
S % 2w ey S B o w I A A A G- A O
888 88RLSE8 8888828288
Age group (years) Age group (years)
35000 350007
- ) - M (10:14)
- M (15119) - M (15:19)
Z 28000 7 28000
2 2
s g
z - F(1519) A - F(15"19)
@ @
21i
g 21000 g 21000
H T
2 2
B 14000 T 14000
3 3
E E
3 3
[} S 7000
e .- S0 e
3 I EEEEEER] IEEEEEEEEERE]
R A A A I A A A 2 B S - A S A 0 I
2888 R 238 E 88 822383
‘Age group (years) Age group (years)
Males Females
50 3 Lost productivity 50 = Lost productivty
o = e
3 Physical tharapy © Physical therapy
T W e T i 2 T o
- W= Ambulance w W Ambulance
2 s -
g g |
S s 3 | -
-4 = ‘ | Z7
] 8 —
§ 20 g 5 | Z 7 .
2 2 = ‘ 7
g 10 g 1 Z &
S 5 = = 77 Sk
SNRERNNNNNNN

T 2 3 83 3 2% 3 2 = T 222327232 &

¥ I 2% 3 85 F 3 &8 3 ¥ 23§ 5K 3§ 3

PR S S G S O - O 4 LA S - G S -
£ 883 8¢ 288 £ 83888282288

Age group (years) Age group (years)

(]
I

100007 = Lost productivity 100007 = Lostproductivity
-G, -
= ©3 Physical terapy o, 3 Physical therapy
0 @& Home care Q 22 Home care
E sono{ I Sebitucnmesing ce S sovo] m Febsbimtoniring cae
g - s = Ambuiance
S =3
s =)
£ 6000 T 6000
2 ]
8 8
S 400 S 4000
8 8
S ] 2 7
3 3 7
E E 2000
3 3
N\
- e A BN § il s NNNN)
3T 2 2 2 2 2 F o2 3 3 = T 2 2 2 T 2 T 3 2 4
§§3 8385 R 38§ 2% 335385 % 3 8 3
LI S S S A 4 L S I S -
8 88588 8RR RSB 8§ 88588 8RR G S

Age group (years)

Age group (vears)
Figure 2: Age-related hospital length of stay per case (A and B), total hospital length of stay (C and
D), direct medical costs, indirect medical costs, and loss of productivity costs per case (E and F), and
total population costs (G and H)

Data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015-2019) and are
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+. HLOS
data is shown for the cervical neck (A and C) and trochanteric (B and D) fracture subgroups separately with
blue for male and red for female patients. Costs data is shown for the combination of both fracture types
and is split between males (E and G) and females (F and H). Costs described are mean annual costs per case
(E and F) and annual total population costs (G and H) over the 2015-2019 period.
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Hospital length of stay

Hospital length of stay in four consecutive five-year periods for both fracture categories
is shown in Figure 2. Mean HLOS per patient (Figure 2 A,B) has decreased over time
for both fracture types, from an overall mean of 18.4 days in 2000-2004 to 7.2 days
in 2015-2019. The magnitude of this decrease is declining in the more recent time
periods. In the most recent time period (2015-2019), the mean HLOS per case was
similar in femoral neck fractures (7.0 days) and in trochanteric fractures (7.5 days). For
both fracture types, HLOS increased with age up to the 85-89 age group and decreased
slightly in the 90+ age group. The mean HLOS per patient in 2015-2019 is similar in
men (7.3 days) and in women (7.2 days).

Total HLOS due to femoral neck and trochanteric fractures (Figures 2C,D) increased
with age following the incidence trends and, correspondingly, decreases in more recent
cohorts. Total HLOS per year (Table 2) in the 2015-2019 cohort is higher in femoral
neck fractures (86,439 days), than in trochanteric fractures (56,363 days). In this time
period, total HLOS per year for women (95,478 days) was two times higher than in
men (47,324 days).

Table 2: Age related yearly hospital length-of-stay (HLOS) per case and total yearly HLOS for femoral
neck and trochanteric fractures for both sexes in 2015-2019

Age group Femoral neck Trochanteric

Males Females Total Males Females Total
HLOS per case
< 50 years 3.90 4.18 3.98 4.83 5.06 4.88
> 50 years 7.36 7.05 7.16 7.72 7.51 7.57
> 65 years 7.83 7.32 7.48 7.97 7.59 7.69
> 80 years 8.43 7.78 7.98 8.37 7.70 7.85
Total 7.12 7.01 7.05 7.54 7.49 7.50
HLOS total
< 50 years 1,205 510 1,715 686 204 890
> 50 years 29,649 55,074 84,723 15,784 39,690 55,473
> 65 years 26,639 51,264 77,903 14,039 37,910 51,949
> 80 years 16,317 33,986 50,303 8,728 28,203 36,932
Total 30,855 55,584 86,439 16,470 39,894 56,363

HLOS, Hospital length-of-stay
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Health care costs and lost productivity

The annual health care costs in the period 2015-2019 were €425M. These costs can
be split into €116M (27%) for men and €310M (73%) for women. An overview of
costs per case (E-F) and total population costs (G-H) is shown in Figure 2. The mean
health care costs per case are €17,723 for men and €23,351 for women (Table 3). For
both sexes costs per patient increased with age, this increase was more prominent in
women (up to a maximum at >80 years of €21,162 for men and €26,639 for women).
Total healthcare costs also increase with age and peak at 85-89 years for both sexes.
The main cost driver is rehabilitation/nursing care, with up to €7,958 per case for men
versus up to €12,789 per case for women (Table 4). Costs per case <50 years were
substantially lower for both sexes (mean €7,638) than in the >50 year age groups, and
increase evenly with increasing age. Costs in the <50 age group make up only 1.1%
(€4.6M) of the cumulative yearly costs, with patients >80 making up 65.1% (€277M)
of the cumulative yearly costs.

Between 2015 and 2019, an annual average of 860 (13.1% of total) men and 641
(4.8% of total) women suffered work absenteeism due to their hip fracture, with a
mean duration of absence per case of 402 days in males and 472 days in females. Costs
per case due to lost productivity were slightly higher for females (Figure 2E, F), with a
mean of €20,366 for men and €21,240 for women. The total costs of lost productivity,
due to both types of fracture were higher in men (annual total of €17.5M) than in
women (annual total of €13.6M) (Table 4). The total combined health care and loss of
productivity costs amounted to €456M and increased with age following the pattern of
incidence (Figure 2G,H). Loss of productivity makes up only 6.8% of this total num-
ber. Men have a lower total combined cost per patient than women (€20,408 versus
€24,379). Due to higher incidence rates, women also had substantially higher total
costs for health care and lost productivity combined (€323M) than men (€133M).

39

[o\]
o~
@
-
=
]
=
(%]




Chapter 2

Table 3: Yearly age related medical costs per case and cumulative medical costs for femoral neck and
trochanteric hip fractures in males and females in 2015-2019

Age group Males Females Total
Costs per case (€)

< 50 years 7,366 8,394 7,638

> 50 years 18,492 23,537 21,939

> 65 years 19,886 24,652 23,218

> 80 years 21,162 26,639 25,158
Total 17,723 23,351 21,495
Cumulative costs (€)

< 50 years 3,333,144 1,363,150 4,685,294
> 50 years 112,260,582 308,179,972 420,440,554
> 65 years 102,706,682 295,921,622 398,628,304
> 80 years 63,006,286 214,014,216 277,020,502
Total 115,582,726 309,543,122 425,125,848

Table 4: Direct and indirect costs per case and for complete population by gender

Cost determinant Male Female

Costs/case (€) Total Costs (€) Costs/case (€) Total costs (€)

Direct costs Ambulance care 777 5,046,216 812 10,768,460
Hospital care 6,236 40,672,488 6,367 84,397,984
Rehabilitation/Nursing care 7,958 51,897,250 12,789 169,533,298
Home care 2,105 13,730,496 2,654 35,175,664
Physical therapy 560 3,651,784 635 8,420,506
G.D care 87 566,492 94 1,247,210
Total direct costs 17,723 115,582,726 23,351 309,543,122

Indirect costs Productivity loss' 20,366 17,511,129 21,240 13,618,093

Total costs Total costs® 20,408 133,093,855 24,379 323,161,215

'Only for population with loss of productivity
*Average for the complete population including patient with and without loss of productivity

GP, general practitioner

Years lived with disability

YLD per case declined approximately linearly with age from 4.2 years in the 0-24 age
group to 0.59 years in the 90+ age group, with a mean of 1.3 years (Supplementary
Figure S2). This decline seemed unrelated to sex, although YLD for women was higher
than for men, especially in the 0-24 age group (5.1 versus 3.7). Total YLD increased
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with age following the overall hip fracture incidence pattern and peaks at the 75-79
age group for men (1,057 years) and the 80-84 age group for women (2,596 years).
The total cumulative annual YLD due to femoral neck and trochanteric fractures was

24,764 years.

Discussion

Between 2000 and 2019 a total of 357,073 patients sustained a femoral neck or
trochanteric fracture in the Netherlands. Across the study period, the data show an
increase in combined femoral neck and trochanteric fracture incidence, while it shows
a decrease in fracture incidence in the elderly (>65) population. It further shows that
while HLOS is decreasing, total health care costs due to hip fractures continue to rise in
the aging Dutch population.

During this 20-year period, the overall incidence rate of femoral neck and trochanteric
fractures increased by 22%. This increase can be mostly attributed to an increase in
femoral neck fractures in men and an increase in trochanteric fractures in both sexes. A
study by Hartholt ez al. (11) reported an increase of 20.6% over the years 1981-2008
in patients > 65 years in a similar nationwide study. They reported an incidence rate
of 66.5/10,000 py in the elderly. The current study shows an incidence rate of 62.9
/10,000 for patients > 65 years in 2008, which decreased to 54.8/10,000 py in 2019
(13% decrease). This effect was strongest in women. So while the overall incidence rate
has increased, the incidence rate in elderly patients is decreasing. Answering the ques-
tion posed by Hartholt ez al.; “Are we on the right track?”, in terms of incidence in the
elderly population, we are. This change in incidence, however, can largely be explained
by population dynamics. While the current study finds an increasing number of hip
fractures each year, an increase of 18% in absolute numbers from 2008 to 2019, the
>65 population has increased by 37% in the same time period. Other factors, outside
the scope of this study, that are likely lowering hip fracture incidence in the elderly are
the increase in anti-osteoporosis drug use, more awareness of nutritional deficiencies
(specifically calcium and vitamin D), exercise, fall prevention, and other fracture pre-
vention and awareness programs (26-29). This study’s findings of decreasing incidence
in the elderly, in contrast with increasing crude numbers, are also consistent with other
recent European and Japanese studies (30-34).

This study also found that the incidence rate of femoral neck fractures in men, in the
highest age group (>90 years), while decreasing over time, has surpassed incidence in
women. Incidence is decreasing faster in women than in men. This trend was already
described by Hartholt ez al. and has persisted in the previous decade (11). Possible
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explanations are more effective diagnosis and treatment of osteoporosis in women and
faster growth of this age segment (approximate 1000% increase for men versus 700%
for women) of the male population in the previous two decades (16, 35). More atten-
tion should be paid to the subpopulation of elderly men in future fracture prevention
campaigns to prevent further expansion of this trend.

This study shows a gradual decrease in both mean and total HLOS over time, a decrease
that is shrinking in size and seems to be moving towards a plateau. Hartholt ez a/. (11)
reported decreasing HLOS since 1981 and presented a mean HLOS of 14 days in 2008.
Current data showed a mean of 7.2 days over the 2015-2019 period, which indicates
that the downward trend has persisted, at least until recently. While crude numbers
of hip fractures and overall incidence are increasing, the total burden on hospital oc-
cupancy for this group is decreasing and now constitutes 1.7% of total yearly hospital
occupancy based on data from Statistics Netherlands (16). This trend can be explained
by several developments in the past decades including the implementation of dedicated
clinical pathways, improved surgical techniques and revalidation, and changes in health
care organizations that moved a large proportion of revalidation and treatment outside
the initial hospital stay (36, 37).

The average health care cost per patient, is €17,723 for men and €23,351 for women.
This difference is even more evident when comparing the total cumulative costs, where
women make up 73% of total health care costs, mainly due to the large difference in in-
cidence rate between the sexes. In 2007 the Dutch National institute for public health
and the environment reported a total healthcare cost for hip fractures of €102M for
men and €276M for women (0.39% of the total yearly health care expenditure) (38).
This increased to €130M and €331M in 2017 (0.48% of total expenditure), an increase
of 17% (39). Findings of the current study, using the average costs over the 2015-2019
period are consistent with these numbers and those found in other studies, and show
an increasing trend in health care costs of hip fractures (39, 40). The costs per patient
are higher than those of other fracture types and hip fracture is the most costly fracture
subtype in total health care cost, and poses a significant strain on national healthcare
expenditure (14, 15, 23, 39, 41). Loss of productivity plays a marginal role in the total
cumulative costs due to the mainly geriatric population, costing only 6.8% of the total
yearly economic burden. Relatively low productivity costs with a long average work
absence of 431 days can be explained by the use of the friction cost method for cost
calculation, as employers generally replace long absent workers to reduce productivity
loss (22).

The mean YLD per case in patients with a proximal femoral fracture in the Netherlands
is 1.3 years, and this decreases with advancing age. This is likely caused by decreased
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life expectancy for elderly patients with hip fractures and lower baseline life expectancy
before fracture for elderly patients. Hagen ez 4/, in a 2020 Norwegian study, reports
an average YLD of 0.83 years for women and 0.92 for men in the 55+ age group (42).
While our mean YLD is higher, the current data included the complete population
including younger patients with higher expected YLD values. Cultural differences may
also have attributed to this difference.

The strength of this study is that it provides a nationwide overview of femoral neck
and trochanteric hip fracture incidence rates, HLOS, costs for health care and lost
productivity, and YLD, and provides a continuation of previous epidemiological re-
search in the Dutch population. Secondly, it is the first nationwide study providing
incidence numbers on specific hip fracture subtypes with long-term trends and reliable
population-based data. Like any population-based study, however, the current study
also has limitations. Due to a change in registration systems, the crude numbers and
incidence rates for the year 2014 and to a lesser degree adjacent years are lower than
expected, as most likely cases have not been registered (correctly). These numbers
should be interpreted with care. Registration quality was restored in the following years
which still allowed an accurate analysis of fracture trends and incidence over the two-
decade period. Patient selection using ICD codes in the LMR uses only patients’ main
diagnosis at discharge, usually the most severe injury. Patients with more severe injuries
than hip fractures could be missing. Another limitation is the lack of clinical informa-
tion about patients and injury mechanisms. Most injuries, however, can be expected
to be low-energy traumatic hip fractures in elderly (osteoporotic) patients with relative
certainty. The diversity in trauma mechanism and patient characteristics will be higher
in the younger population, although the incidence in this group is much lower. Sec-
ondary injuries could affect HLOS and YLD. This study was specifically focused on the
Dutch population and the Dutch healthcare system. This makes the extrapolation of
results to other countries challenging, especially concerning costs, as most countries use
different valuations and healthcare frameworks. Trends in incidence, HLOS, and costs
can however be compared to assess the international changes in the burden of disease
and the progress of the hip fracture epidemic.
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Conclusion

This study shows an increase in the femoral neck and trochanteric fracture incidence of
22% across the 2000-2019 study period, although the age-specific incidence >65 years
is decreasing in recent years. This trend was strongest in elderly female patients with
femoral neck fractures and affirms the effect of improved operation techniques, health-
care organization and (pharmacological) prevention campaigns of the past decades. In
contrast, male incidence rates of femoral neck fractures in the 90+ age category have
surpassed female incidence. This subpopulation could benefit from more attention in
future hip fracture prevention and management campaigns. In the past 20 years, HLOS
has decreased in all age groups, hip fracture subtypes, and sexes from an average of
18.4 to 7.2 days. The average healthcare costs over the 2015-2019 period are higher in
women, costing €17,723 for men versus €23,351 for women, and rise with increasing
age. Yearly cumulative costs in the same period reach €425M, with women account-
ing for 73% of these costs. The total costs for lost productivity is €31M (€20,366 for
men versus €21,240 for women), and makes up only 6.8% of the total combined cost
burden. YLD decreases with age and is similar between sexes. Although hip fracture
incidence in the elderly population is decreasing and HLOS is at an all-time low, the
societal burden of costs and crude numbers of hip fractures are still rising in our aging
population.
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Supplementary materials

Table S1. Proximal femur fractures classified in ICD-9 and ICD-10

Fracture region Fracture closed or open ICD-9* ICD-10
Femoral neck Closed femoral neck fracture 820.0 §72.0
Open femoral neck fracture 820.1 §72.0
Pertrochanteric Closed pertrochanteric fracture 820.2 §72.1
Open pertrochanteric fracture 820.3 S§72.1
Subtrochanteric Closed subtrochanteric fracture 820.22 S72.2
Open subtrochanteric fracture 820.32 S§72.2
Femoral neck Trochanteric
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Figure S1: Age-related proportion of patients sustaining a femoral neck fracture (A) or trochanteric
fracture (B) due to a fall in the years 2000-2019

Data are averaged over 5-year periods (i.e., 2000-2004, 2005-2009, 2010-2014, and 2015- 2019) and are
shown for 0-24 years, 25-50 years, and subsequently in 5-year age groups up to and including 90+.
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Figure S2: Age-related years lived with disability per patient with a proximal femoral fracture
Data (averaged for the years 2015-2019) are shown for males (blue) and females (red) in age groups of: 0-24
years, 25-50 years and subsequently in 5-year age groups up to and including 90+.
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Abstract

Objective

This study aimed to provide population based trends in incidence rate, hospital length
of stay (HLOS), trauma mechanism, and costs for healthcare and lost productivity of
subtrochanteric femur fractures in the Netherlands.

Methods

Data on patients with subtrochanteric femur fractures sustained between January 1,
2000 and December 31, 2019 were extracted from the National Medical Registration
of the Dutch Hospital Database. Incidence rates, HLOS, health care and productivity

costs were calculated in sex- and age-specific groups.

Results

A total of 14,399 patients sustained a subtrochanteric fracture in the 20-year study
period. Incidence rates in the entire population dropped by 15.5 % from 4.5 to 3.8 per
100,000 person years (py). This decline was larger in women (6.4 to 5.2 per 100,000
py> -19.8 %) than in men (2.6 to 2.5 per 100,000 py, -4.0 %). HLOS declined by 62.5
% from a mean of 21.6 days in 2000-2004 to 8.1 days in 2015-2019. Subtrochanteric
fractures were associated with total annual costs of €15.5 M, of which 91 % (€14.1 M)
were health care costs and €1.3 M were costs due to lost productivity. Mean healthcare
costs per case were lower in men (€16,394) than in women (€23,154).

Conclusion

The incidence rates and HLOS of subtrochanteric fractures in the Netherlands have
decreased in the 2000-2019 study period and subtrochanteric fractures are associated
with a relatively small total annual cost of €15.5 M. Increasing incidence rates and a
bimodal age distribution, described in previous studies from other European countries,
were not found in the Dutch population.
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Introduction

Hip fractures are the most common fracture to cause hospital admission in the Neth-
erlands, with over 20,000 fractures each year (1, 2). Hip fractures are generally clas-
sified into three categories: femoral neck, trochanteric, and subtrochanteric fractures
(3). The first two, or typical hip fractures; they are the most common, are mostly seen
in the elderly population, and are generally associated with osteoporosis and/or low-
energy trauma (4). Subtrochanteric fractures are located up to 5 cm distal from the
lesser trochanter and occur in an area between trabecular and cortical bone where high
levels of mechanical stress can occur (5, 6). They make up 3-4% of annual hip fracture
admissions in the Netherlands (7). Subtrochanteric fractures are considered difficult
to manage and associated with a higher risk of (sequelae of) complications, such as
secondary (mal)displacement, implant failure, non-unions and reoperations (8, 9).

In contrast to femoral neck and trochanteric fractures, subtrochanteric fractures follow
a bimodal age distribution (6). Fractures generally occur in young men due to high-
energy trauma or in older patients with osteoporosis, often with an atypical fracture
presentation. Recent studies also found positive associations between subtrochanteric
fractures and sustained bisphosphonate use or diabetes (10-12). Reported incidence
rates are much lower than those of typical hip fractures. Wang ez a/. reported 2 9.6% in-
crease (from 31.2 to 34.2 per 100,000 person-years) in the incidence of subtrochanteric
fractures in the US between 1996 and 2007 in women (13). In contrast, typical hip
fracture incidence decreased by 32% (1020.5 to 697.4 per 100,000 person-years) in the
same period. Another study found an increase in incidence for combined subtrochan-
teric and femoral shaft fractures for both sexes, also contrasted by decreasing typical hip
fracture incidence (14).

Whether these incidence changes and sex specific differences also hold true for the
Dutch population is currently unknown, as no nationwide study on the burden of dis-
ease of subtrochanteric fractures in the Dutch population exists. Changes in incidence
could provide targets for future research and (inter)national comparisons of disease bur-
den and associated costs. Therefore, the aim of this study was to provide an overview of
age and sex trends in incidence, hospital stay, and costs associated with subtrochanteric
fractures in the Netherlands between 2000-2019.
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Methods

Data for this retrospective epidemiological study were collected for patients admitted
to hospitals in the Netherlands between January 1, 2000 and December 31, 2019, with
a subtrochanteric fracture diagnosis. Methods used were similar as in previous studies
(15-19) and data were extracted simultaneously with the data on femoral neck and
trochanteric fractures (2). Injury cases were extracted from the National Medical Reg-
istration (LMR) of the Dutch Hospital Database (DHD), Utrecht, The Netherlands.
Patients are included in the LMR for their main diagnosis at discharge, defined by the
International Classification of Diseases (ICD) 9™ and (since 2010) 10" revision. All pa-
tients labeled with an ICD-9 code of 820.22 or ICD-10 code of 72.2, including al sub-
divisions, were classified as patients with a subtrochanteric fracture and were included
in this analysis. Injuries include both traumatic and pathological fractures. These figures
were then extrapolated to full national coverage for each year by the Dutch Consumer
and Safety Institute (‘VeiligheidNL).

Outcome measures

Outcome measures included sex- and age-specific incidence rates, hospital length
of stay (HLOS), trauma mechanism, and costs for health care and lost productivity.
Trauma mechanism was categorized as “fall due to all causes” versus “other”. Costs for
lost productivity were defined as the costs associated with production loss and replace-
ment due to illness, disability, and premature death. Outcomes were calculated for
5-year age groups for each year of the study. Because of low patient numbers in the
age groups below 50 years, the five-year groups were combined into 0-24 and 25-50
years. To calculate annual health care and productivity costs, data were averaged for the
2015-2019 period. For all costs calculations the reference year 2019 was used.

All analyses and calculations of outcomes were conducted as previously described (15-
19). Table 1 summarizes the performed analysis per outcome measure.
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Table 1 Summary of performed analysis per included outcome measure

Outcome measure Summary of performed analysis

Incidence rates Patient numbers were extracted from the LMR database. Direct standardization (based upon
the Dutch mid-year standard population) was used in order to calculate incidence rates
stratified for 5-year age groups and sex and reported per 100,000 person years.

Trauma mechanism Data (patient numbers for subtrochanteric fracture by fall or by other causes) were extracted
from the LMR database, stratified for age groups and sex. Fall included both domestic ac-
cidents (fall from person-height or fall from stairs) and non-domestic accidents such as fall
from a bicycle or fall from height. The percentage of each trauma mechanism was calculated
stratified for 10-year age groups and sex

HLOS Data (HLOS per case and total HLOS) were extracted from the LMR database, stratified for

5-year age groups and sex

Health care costs Data on patient numbers and healthcare use were extracted from the LMR database, strati-
fied for age groups and sex. The Dutch Burden of Injury Model was used to assess the health
care costs of injury (17, 19, 20). Patients were followed up to two years after trauma. Health
care costs of injuries were calculated by multiplication of the incidence, health care volumes,
and unit costs (as stated in national guidelines for healthcare costing (21)). Medical costs
included ambulance care, in-hospital care, general practitioner (G.P) care, home care, physi-
cal therapy, social support care, and rehabilitation/nursing home care. To calculate annual
health care costs, data were averaged for the 2015-2019 period.

Productivity costs Data on the number of patients unable to work after their fracture and the duration of their
work absence were extracted by Dutch Consumer and Safety Institute for all patients aged
15-65 years. Costs were calculated using the Dutch Burden of Injury Model [18, 20, 21].
The friction cost method was used as health care needs are most substantial in the first year
after injury [22]. To calculate annual costs for lost productivity, data were averaged for the
2015-2019 period.

Results

Incidence rates

A total of 14,399 patients were admitted with a subtrochanteric fracture in the 20-year
study period. The annual number of admissions showed a slightly decreasing trend
and a minor decline from 715 to 658 (-8.0%) over the two decade period, with more
fractures in women than in men. (Figure 1A). The incidence rate also declines over time
and dropped, by 15.5% from 4.5 (in 2000) to 3.8 (in 2019) per 100,000 py (Figure
1B). This decline was larger in women (6.4 to 5.2 per 100,000 py, -19.8%) than in
men (2.6 to 2.5 per 100,000 py, -4.0%).

Figure 1C shows the age-specific incidence rates for the four consecutive 5-year time
periods. Incidence increases with age across all four time periods, with a steep rise seen
in patients of 75 years and older. In the most recent period (2015-2019), the highest
incidence rates were 62.4 per 100,000 py in men aged >90 years and 101.2 per 100,000
py in women aged >90 years. Incidence rates (2015-2019) were higher for women in all

55

o
P
Q
-
=5
=]

=

%]




Chapter 3

>

Number of patients (N)

v}

Incidence rate (N/100,000 py)

(2]

Incidence rate (N/100,000 py)

56

1000

800

600

400

200

== Total
== Female
=== Male

2000+
2001+
2002
2003
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017 4
2018
2019

== Female
- All

=~ Male

2.

0
ST NMTDONIIS-TNOITLLONOD
L=~ I~ A~ I — T — N — T — T el ol i sl sl .l ol ol
D000 000000000DDO0O0O0O00 0O
NN NANNNNNNNNNNNNNNNNN

Year

2007 ‘A M ('00-'04)
V- M ('05-09)
- M ("10-14)
= M(15-19) 'S
‘A F ('00-'04) ]

1601 .y. F (05-09)
- F('10-'14)
= F("15-'19)

120

80

40

[ A —— - . . -
< D g (-] 4 (-] = o =+ (3 +
N Y 92w % $ R S 9 o
e w2 w o w o W o w °

~ wn n © (=] ~ ~ () (-]
Age group (years)
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age-segments, except for the 0-24 (0.39 versus 0.29 per 100,000 py) and 25-50 years
age groups, where incidence rates in men were over three times higher than in women
(0.83 versus 0.26 per 100,000 py).

Similar to incidence rates, age-specific incidence rates have also declined over time from
2000-2019, from 27.4 to 15.9 per 100,000 py, in patients aged >65 years (-41.9%) and
from 0.7 to 0.4 per 100,000 py in patients <50 years (-40.6%). All other age segments
also showed declining incidence over time (Table 2). This effect was more pronounced

in women than in men.

Trauma mechanism

The percentage of patients sustaining a subtrochanteric fracture due to a fall from any
height increased with age (Figure 2A). In the most recent time period (2015-2019),
57.1% of patients under 25 years were admitted with a subtrochanteric fracture due to
a fall. In patients over 65 years this proportion was 95%. Figure 2A shows high varia-
tion between the four time periods but the numbers of admissions due to fall generally
increase with age. Patients up to 55 years show a decreasing trend for both men and
women in the most recent time period, whereas the trends for older age groups (over 55

years) have remained relatively stable over time.

Table 2: Age- and sex related incidence rates (per 100,000 person-years) of subtrochanteric fractures
in 2000 and 2019

2000 2019

Males Females Total Males Females Total
n Incidence n Incidence n Incidence n Incidence n Incidence n Incidence
< 50 years 53 0.95 22 0.41 75 0.68 28 0.53 14 0.27 42 0.41
> 50 years 147 6.52 493 18.78 640 13.11 182 5.46 434 12.11 616 8.90
> 65 years 122 13.87 468 36.77 590 2741 145 9.48 383 2147 528 1593
> 80 years 61 4030 315 9026 376 7515 73 2370 256 52.15 329 41.19
Total 200 255 515 642 715 451 210 245 448 515 658  3.81

'Incidence rates per 100,000 person-years
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ic fracture due to a fall (A) and age-
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Hospital length of stay

HLOS in patients across all ages has declined by 62.5% from a mean of 21.6 days in
2000-2004 to 8.1 days in 2015-2019 (Figure 2B). This declining trend has decreased
in size in the more recent time periods and moves towards a plateau. HLOS increases
with age from a mean of 5.4 days at 0-24 years to a mean of 8.7 days in patients over 90
years (2015-2019). This age-related trend has decreased substantially when compared
to the 2000-2004 period (9.1 at 0-24 years versus 26.8 at 90+ years). Men (7.9 days)
and women (8.1 days) shows similar mean HLOS in the most recent period (2015-
2019) (Table 3). Mean HLOS in patients under 50 years (5.77 days) is substantially
lower than in patients over 50 years (8.2 days). Annual cumulative HLOS in the same
period reached a total of 5,410 days, of which 30.6% (1,658 days) was attributed to
men and 69.4% (3,752 days) to women. Cumulative HLOS has decreased by 67%
from an annual 16,496 days in 2000-2005 to 5,410 days in 2015-2019.

Table 3: Annual age-related hospital length-of-stay per case and annual total hospital length-of-stay
for subtrochanteric fractures in the 2015-2019 period

Males Females Tortal
n HLOS/  Total HLOS n HLOS/ Total n  HLOS/case Total
case case HLOS HLOS
<50
years 33 5.72 186 14 5.90 83 47 5.77 269
>50
years 178 8.25 1,472 447 8.22 3,669 625 8.23 5,141
> 65
years 145 8.50 1,235 404 8.25 3,331 549 8.32 4,566
>80
years 75 9.07 680 278 8.42 2,340 353 8.56 3,020
Total 211 7.86 1,658 461 8.14 3,752 672 8.06 5,410

HLOS, hospital length-of-stay

Health care costs and lost productivity

Between 2015-2019 subtrochanteric fractures were associated with total annual costs
of €15.5M, of which €14.1M were health care costs and €1.3M were costs due to
lost productivity (Table 4). Of the total health care costs, 75.5% (€10.7M) was spent
on women and 24.5% (€3.5M) on men. The largest health care cost drivers for both
sexes were rehabilitation or nursing care (€7,113 per case for men versus €12,699 for
women), hospital care (€5,974 per case for men and €6,313 for women), home care
(€1,906 per case for men and €2,611 for women), and physical therapy (€560 per case
for men and €634 for women). The majority (91.6%) of health care costs were made
in patients aged >65 years (Table 4). Mean costs per case were lower in men (€16,394)
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than in women (€23,154). Health care costs increased with age from a mean of €7,512

in patients under 50 years to mean of €25,539 in patients aged 80 years and older. Of

the total annual number of patients, 181 (26.9% of total) suffered work absenteeism

due to subtrochanteric fractures. Only 27 (15.0%) of these patients were female. The
costs per case associated with lost productivity were €20,203 for men and €21,570 for

women.

Table 4: Annual health care costs determinants and loss of productivity costs for both sexes in 2015-

2019 period, including age-specific medical costs

Cost determinant Male Female
nfyear Costs/ Tortal costs n/year Costs/  Total costs
case (€) (€) case (€)
€

Direct Ambulance care 211 736 155,194 461 803 396,648
costs

Hospital care 211 5,974 1,260,596 461 6,313 2,907,746

Rehabilitation/Nurs- 211 7,113 1,500,750 461 12,699 5,849,194

ing care

Home care 211 1,926 406,332 461 2,611 1,202,762

Physical therapy 211 560 118,062 461 634 292,126

G.D care 211 86 18,164 461 94 43,446
Indirect  Productivity loss' 38 20,203 762,750 27 21,570 586,137
costs
Total costs  Total costs” 211 20,009 4,221,848 461 24,427 11,251,061
Age specific direct (medical) Male Female
costs

n/year Costs/case Total costs  n/year  Costs/case  Total costs
© © © (€

< 50 years 33 7,065 230,308 14 8,555 119,770
> 50 years 178 18,099 3,228,790 447 23,612 10,545,154
> 65 years 145 19,808 2,880,130 404 24,929 10,061,164
> 80 years 75 21,148 1,586,074 278 26,725 7,424,118
Total 211 16,394 3,459,098 461 23,154 10,664,924

All costs are averaged over the 2015-2019 period and are calculated for index-year 2019.

'Only for population with loss of productivity

*Average for complete population including patients with and without loss of productivity

GP, general practitioner
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Discussion

This is the first nationwide study on the incidence rate and societal burden of subtro-
chanteric fractures in the Netherlands. This study found a decrease in the incidence
rate of subtrochanteric fractures, across all age groups and sexes, of 15.5% over the
2000-2019 study period. In the same timeframe, HLOS per case due to subtrochan-
teric fractures declined by 62.6% to a mean of 8.1 days. Total health care and lost
productivity costs associated with subtrochanteric fractures were €15.5M per year.

Very few studies have been published on the incidence or costs of subtrochanteric
fractures. Subtrochanteric fractures are an infrequent injury with an overall incidence
rate of 3.81 per 100,000 py in the Netherlands. A French study in patients over 50
years found an incidence of 16.8 per 100,000 py for men and 41.2 per 100,000 py in
women, for combined subtrochanteric and diaphyseal fractures in 2008 (14). It showed
an increase of 32% in men and 13% in women since 2002. A study from the USA
also reported increasing subtrochanteric fracture incidence rates over the 1996-2007
study period (20.4% increase to 34.2 per 100,000 py in women, no significant increase
in men to 15.4 per 100,000 py) (13). The current data show a decreasing incidence
in both the complete population and also in patients >50 years (-16.% for men and
-35.5% for women), across the whole study period. In contrast to both Wang ez a/. and
Maravic et 4l., incidence rates in this study for, specifically 2008, were lower at 6.2 per
100,000 py for men over 50 years and 15.5 per 100,000 py for women over 50 years, a
decrease of, respectively, -16% and -22% since 2002. The international differences and
inclusion of also diaphyseal fractures could explain the inflated incidence rates found
in the study by Maravic ez al. Both studies could not provide an explanation for its in-
creasing incidence rates over time but mentioned a possible association with increased
bisphosphonate usage. Our data do not confirm this trend. Since 2011 a new GP
guideline for osteoporosis treatment has changed the indication for bisphosphonates
to only high fracture-risk patients and their annual daily doses prescribed decreased
from 84M doses in 2013 to 74M doses in 2019 (-11%) while the elderly population
steadily increased (20-22). However, the decreasing trend in fracture incidence was
already clearly visible before 2011 and might be more related to a general increase in
(hip) fracture and osteoporosis prevention campaigns, medication and awareness, than
a decrease in bisphosphonate usage. In literature, subtrochanteric fractures are known
to have a bimodal incidence, with a peak in young adults, often described in males
between 20 and 40 years, and a second peak at elderly age (6, 23-25). In this study,
incidence increased with advancing age but no clear peak can be found in the 0-24 or
25-49 age groups, for both sexes. However, younger men do show a higher incidence
in these age groups than women. While subtrochanteric fractures, and hip fractures in
general, are an injury most common in older women, the higher likelihood for high-
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energy trauma in younger men will have increased these incidence rates (26, 27). These
differences, all below 0.6 per 100,000 py, are overshadowed by incidence rates well over
50 per 100,000 py in older patients. Smaller peaks in the younger age groups could
have been masked by the larger 25-year range of the two youngest age groups.

Subtrochanteric fractures form only a small portion of the total burden of hip fractures
in the Netherlands. With an incidence of 120.5 (femoral neck/trochanteric) versus 3.8
(subtrochanteric) per 100,000 py in 2019 for the whole Dutch population, the burden
of subtrochanteric fractures is small when compared to other hip fracture subtypes (2).
This is also reflected in the cost of subtrochanteric fractures. Although subtrochanteric
fractures are expensive injuries per patient when compared to other trauma cases like
rib, ankle, humerus, or tibia fractures, at €21,030 health care costs per patient (16, 17,
19, 28). They have similar, though slightly higher, costs when compared with cervical
neck or trochanteric fractures (€21,495) from a previous study (2). Due to lower inci-
dence, the total annual health care costs of subtrochanteric fractures are ‘only’ €14.1M.
An amount that is over 30 times outnumbered by the total costs €425.1M for the other
hip fracture subtypes (2). The total costs of lost productivity are even lower at an annual
total of €1.3M in 65 patients. While rare in the working population, subtrochanteric
fractures can lead to long periods of absence (mean 438 days) and are associated with a
high cost per case.

HLOS for subtrochanteric fractures follows the general decreasing pattern seen in other
injuries and has decreased from a mean of 21.6 days in 2000 to 8.1 days in 2019 (1, 15,
17, 19). The effect of age on HLOS has also decreased over time. It has changed from
a difference of 11.7 days between the youngest and oldest age groups (0-24 years and
90+ years) in 2000-2004, to a difference of 3.2 days in 2015-2019. These changes can
be explained by the implementation of dedicated clinical pathways, improved surgical
and rehabilitation techniques, and changes in health care organization that moved large
parts of the treatment and revalidation process out of the hospital (29, 30). Annual
total HLOS is only 5,410 days, less than 4% of HLOS due to all hip fracture subtypes

(2).

Although subtrochanteric fractures are only a small fraction of the total hip fracture
burden, more insight into their epidemiology and costs can lead to a better (inter)
national overview of (hip-)fracture subtypes and related future health care demands.
Future research should focus on establishing if there is a causal link between bisphos-
phonate use and major changes in (atypical) subtrochanteric fracture incidence.

This is the first study on trends in incidence and costs of subtrochanteric fractures in the
Dutch population and, although a with a smaller sample size then compared to other hip
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fracture subtypes, it provides reliable population-based data from the National Hospital
database over a 20-year period. Like other population-based studies, it has limitations.
Subtrochanteric fracture patients were selected based on ICD codes from the LMR and
researchers did not receive or interpret individual patient data including specific opera-
tion characteristics or patients’ comorbidities that could influence HLOS or costs. Out-
comes should be interpreted on a population level. The LMR categorizes patients based
on exclusively their main diagnosis, which is generally their most severe injury. While
hip fracture is a severe injury and is often isolated, especially in the elderly, fractures
in polytrauma patients could be missed. This may have deflated the incidence rates,
especially in younger patients. Also, no distinction could be made between diagnoses in
the calculation of HLOS, as patients with a main diagnosis of subtrochanteric fracture
could have longer HLOS due to other injuries. Although ICD-codes are validated for
differentiating between hip fracture subtypes, no distinction could be made between
pathological, typical, or atypical subtrochanteric fractures (31). As a result no changes
in incidence and possible associations with medication used (i.e. bisphosphonate use),
based on different subtrochanteric fracture subtypes or risk factors could be studied.
Due to a national change in registration systems, the crude numbers and incidence
rates for the year 2013 and are lower than expected and are higher than expected for the
preceding years 2010-2012, as most likely cases have not been correctly registered (for
the right year). While adequate registration was restored in the following years, these
numbers should be interpreted with care. A final limitation is the fact that this study
focused on the Dutch healthcare system. This makes interpretation and extrapolation
of results to other nations challenging. However, trends in incidence, HLOS, and costs
could be of value in international comparisons of changes in the (economical) burden
of disease.
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Conclusion

Subtrochanteric fractures are a relatively infrequent subtype of hip fracture with an in-
cidence rate in 2019 of 3.81 per 100,000 py. Incidence is higher in women and shows
a steep increase in the 75+ age-groups. In the two-decade (2000-2019) study period its
incidence has decreased by 15.5% for the complete Dutch population. This decrease
was larger in women (-19.8%) than in men (-3.0%). Increasing incidence rates, pos-
sibly linked to bisphosphonate usage, and a bimodal age distribution found in previous
international studies, were not found in the Dutch population. HLOS consistently
decreased over time with 62.6% from 21.6 days to 8.1 days in 2015-2019. In this latest
period the cumulative annual HLOS was 5,410 days. Subtrochanteric fractures were as-
sociated with healthcare costs per patient of €16,394 for men and €23,154 for women.
The total annual burden of costs in the 2015-2019 period was €14.1M in healthcare
costs with an additional €1.4M in costs due to lost productivity.
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Chapter 4

Abstract

Objective

This systematic review and meta-analysis compared extramedullary fixation and intra-
medullary fixation for stable two-part trochanteric femoral fractures (AO type 31-Al)
with regards to functional outcomes, complications, and surgical outcomes.

Methods

Embase, Medline, Web of Science, Cochrane Central Register of Controlled Trials, and
Google Scholar were searched for randomized controlled trials (RCTs) and observa-
tional studies. Effect estimates were pooled across studies using random effects models.
Results were presented as weighted risk ratio (RR) or weighted mean difference (MD)
with corresponding 95% confidence interval (95% CI).

Results

Five RCTs (397 patients) and 14 observational studies (21,396 patients) were included.
No significant differences in functional outcomes, complications, or surgical outcomes
were found between extramedullary and intramedullary fixation devices, except for a
difference in duration of surgery (MD 14.1 min, CI 5.76-22.33, p < 0.001) and intra-
operative blood loss (MD 92.30 mL, CI 13.49-171.12, p = 0.02), favoring intramedul-
lary fixation.

Conclusion

Current literature shows no meaningful differences in complications, surgical, or func-
tional outcomes between extramedullary and intramedullary fixation of stable two-part
trochanteric femoral fractures. Both treatment options result in good outcomes. This
study implicates that, costs should be taken into account when considering implants or
comparing fixation methods in future research.
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Introduction

Proximal femoral fractures are one of the most common types of fracture in the elderly
population worldwide with a global incidence of over 182.5 per 100,000 person-years
(1-3). The total annual medical costs associated with proximal femoral fractures are
over $50,000 per patient in the U.S or over €20,000 in the Netherlands (4, 5). Due
to an aging population and increased life expectancy worldwide, the burden of these
fractures on health care systems is increasing. About half of proximal femoral fractures
are trochanteric fractures (AO type 31-Al, A2, or A3) (3). These can be divided in
stable two-part fractures (AO type 31-Al) and unstable fractures (AO type 31-A2 and
A3) (6). Of these fractures, type 31-Al fractures make up 36% (7).

Various studies suggest that intramedullary fixation is the most appropriate approach
for treatment of unstable fractures (8-10). For stable fractures the implant of choice
remains a topic of debate. A plethora of fixation devices for both intramedullary and
extramedullary fixation is available and high variability in implant preference exists
between countries, hospitals, and even individual surgeons (11).

The use of intramedullary fixation devices in both stable and unstable trochanteric
fractures has risen in recent years (12, 13). Less than 2 decades ago intramedullary
fixation was discouraged as older reviews reported higher risks of revision, re-operation,
and other complications (10, 14-16). However, recent studies, that directly compared
extramedullary and intramedullary fixation of stable two-part trochanteric fractures and
a review of AO type A1-A3 trochanteric fractures reported none to minor differences
favoring one of the two fixation types (17-21). Due to an increased experience, devel-
opment of new devices, and abolition of devices of lower quality with inferior results,
the present-day intramedullary devices result in better results and are no longer inferior
to extramedullary devices (22). However, superiority over extramedullary devices has
never been proven.

Therefore, current surgical guidelines, such as the Dutch Guideline for treatment of
proximal femoral fractures and United Kingdom’s NICE (National Institute for Health
and Care Excellence) guideline, state that due to a lack of difference in effectiveness
between extramedullary and intramedullary fixation, the device with the lowest costs
(i.e., a sliding hip screw) is preferred (23, 24). The optimal and most cost-effective
treatment remains a topic of debate and the steep increase in the use of intramedullary
fixation may be influenced by other factors than only clinical data on complications or
outcomes, such as individual preference, training, or geographical differences (12, 25).
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As no extensive systematic review and meta-analysis of the literature has been conduct-
ed on treatment of, exclusively, stable two-part trochanteric fractures, the aim of this
study was to compare extramedullary versus intramedullary fixation for stable two-part
trochanteric femoral fractures (AO type 31-Al) only using present-day devices.

Methods

This systematic review and meta-analysis was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guideline
(26). A protocol was developed prior to conducting the current study.

Search strategy and selection criteria

Embase, Pubmed/Medline, Web of Science databases, and the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) were initially searched on 22 March 2021 for
studies comparing extramedullary and intramedullary fixation of AO type trochanteric
fractures. The initial search was updated on 26 September 2022. Appendix 1 shows the
search string used and the search results. After deduplication two reviewers (LHTN and
ACP) independently screened titles and abstracts for eligibility for inclusion. Any dis-
agreement was resolved by consensus. The same two reviewers subsequently conducted
the full-text screening of eligible articles.

Studies were included when they presented data (a) published after 1990 of (b) acute (c)
AO-OTA 31-A1 trochanteric fractures, (d) comparing intramedullary and extramedul-
lary fixation (e) in patients >50 years, (f) using currently available devices (an overview
of included devices per study is provided in appendix 2). Studies were excluded when
they (a) presented no original data, (b) did not mention relevant outcomes (e.g. only
incidence of fixation with specific devices), (c) were biomechanical, iz vitro or cadaveric
studies, (d) pathological fractures, () bilateral fractures, (f) periprosthetic fractures, (g)
were case reports, or (h) did not make distinction between type of fracture or treatment.

Data extraction

All baseline characteristics were independently extracted by two reviewers (LHTN and
ACP) using a predefined data extraction sheet and included: first author, publication
year, setting, study design, study period, follow-up time, total study population, and
study population with type 31-Al fracture. In addition, patient characteristics were
collected including age, sex, implant type, and number of patients treated using extra-
medullary or intramedullary fixation.
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Data were collected for the following outcome measures: Functional outcomes: Harris

hip score, pain, Parker mobility score, and walking ability (cases of unassisted/good
walking ability were compared with assisted or no walking ability). Complications:
reoperation, non-union, cut-out, peri-implant fracture, conversion to prosthesis,
implant/fixation failure, superficial and deep infection, malunion, limb-length discrep-
ancy, heterotopic ossification, osteolysis in fixed implants, and mortality. Surgical out-

comes/operation characteristics: operation time, blood loss, bone healing time, quality
of reduction, hospital stay, fluoroscopy time, and costs/cost-effectiveness. All outcomes
were included as defined by individual presenting articles.

If case data were not described sufficiently in the full-text or supplementary materials,
the authors were contacted by e-mail once. If this approach was unsuccessful, miss-
ing data were imputed based on the average standard deviation for the total included
population across all studies with no missing data and adjusted for population size.
This was done for the standard deviations of Harris hip score in Sevinc et al.(27), the
standard deviations of 1-year pain scores by Matre ez al. (28), and standard deviations
for bone-healing time by Cho ez al. (29).

Quality assessment

Two reviewers (LHTN and ACP) independently assessed the methodological quality
of all included studies using the Risk of Bias 2 (RoB 2) tool for assessing risk of bias in
randomized trials and MINORS, a methodological index for non-randomized studies
(30, 31). Disagreement was resolved by consensus. The RoB 2 is structured into a fixed
set of domains of bias, trial design, conduct, and reporting. Within each domain, a se-
ries of signaling questions indicate features that are relevant to risk of bias. A proposed
judgement about the risk of bias for each domain is generated by an algorithm, based
on the signaling questions. Judgement can be ‘Low’ or ‘High’ risk of bias, or can express

‘Some concerns’. The MINORS ranges from 0 (poor quality) to 24 (high quality).

Statistical analysis

Data were analyzed using Review Manager (Revman, version 5.3.5). Input in the
analysis was sample size, mean, and standard deviation (SD) for continuous outcomes
and sample size and number of cases with the specific outcome for binary outcomes.
Random effects models were used for measuring treatment effects because of the
expected heterogeneity due the inclusion of both RCT and observational studies and
comparison of multiple types of devices in different countries and clinical settings.
No (age-)adjusted analyses were performed, all data were analyzed as described in the
original studies. Treatment effects of the binary outcome measures were pooled using
the Cochran Mantel Haenszel statistic and are presented as risk ratio (RR) with 95%
confidence intervals (CI). Treatment effects of the continuous outcome measures were
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pooled using the inverse variance weighting method and are presented as mean dif-
ference (MD) or standardized mean difference (SMD) with 95% confidence intervals
(CI). SMD was used when included studies used different measurement scales for the
same variable. All analyses were stratified on study design (randomized controlled trials
(RCTs) or observational studies) and were presented as Forest plots. Differences be-
tween pooled estimates for the two types of study design were compared using the X’
test test. Heterogeneity between studies was assessed qualitatively using the Cochran’s
Q-test and quantified using the I” statistic. Statistical significance was assumed using a
p-value threshold of 0.05. Publication bias was assessed by visual inspection of funnel
plots for all studied variables (Appendix 3).

Results

Search

The literature search and selection of included studies is shown in Fig. 1. The primary
search resulted in 14,577 records. After deduplication, 7,213 records were screened on
title and abstract. Out of the 473 articles assessed for eligibility, a total of 19 stud-
ies (ive RCTs (17, 32-35) and 14 observational studies (18, 19, 27-29, 36-44)) were
included in the final analysis. All studies were published between 2005 and 2022.

Baseline study characteristics

The 19 included studies (Table 1) comprised a total of 21,793 patients. The RCTs
included a total of 397 patients and the observational studies a total of 21,396 patients.
Extramedullary fixation was used in 15,910 patients and 5,883 patients were treated
using intramedullary fixation. The follow-up ranged from 6 to 60 months. A complete
overview of reported variables per study is shown in Table 2.
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[ Identification of studies via databases and registers
—
Records identified (n = 14.577)
H Records removed before screening:
5 Embase (n = 5,720)
é Medline ALL (n=4,525) Duplicate records removed
Web of Science Core Collection (n = 3,548) (n=17,364)
2 Cochrane Central Register of Controlled Trials
= (n=584)
Google Scholar (n = 200)
— Records excluded (n= 6.432)
No proximal femur fracture (31-A) (n = 690)
p— s J ‘Wrong (surgical) treatment (n = 727)
No acute fractures (n=71)
Records screened Only pathological fractures (n = 299)
(n=7.213) Only periprosthetic fractures (n=97) <
Only bilateral fractures (n = 23) )
Age too low (<50) (n=122) )
No original data (Review, SR etc.) (n = 802) ,.:'j
Biomechanical, in vitro or animal studies (n = 501) ~
No relevant outcomes included (n=851)
Case reports (n = 461)
Duplicates found during screening (n=31)
o0 Non-comparative studies (n=1,757)
£
& Reports sought for retrieval Reports not retrieved
(n="781) (n=308)
Reports excluded (n = 454)
Before 1990 (n = 59)
31-A3 fractures (n=12)
Reports assessed for eligibility N 31-A2 fractures (n = 20)
(n=473) No distinction in treatment or classification (n= 164)
‘Wrong implant used (n=31)
Non-comparative study (n= 14)
No access to full text (n = 45)
Wrong classification used (n = 67)
T No relevant outcomes (n= 13)
E Studies included in review Retracted article (n=2)
E (n=19) Conference paper (n=27)
p—

Figure 1: Flowchart of search results, article inclusion and exclusion
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Table 3: Quality assessment of included RCTs using the RoB 2 criteria
Study D1 D2 D3 D4 D5 Overall
Ovesen et al. (2006) (33)
Pajarinen et al. (2005) (32)
Parker ez al. (2017) (17)
Tao et al. (2013) (35)
Zou et al. (2009) (34)

+ Low risk of bias; ! Some concern of bias; - High risk of bias.
D1: Randomization process; D2: Deviations from the intended interventions; D3: Missing outcome data;

D4: Measurement of the outcome; D5: Selection of the reported result.

Table 4: Quality assessment of included observational studies using the MINORS criteria

£ g 3
T g3 _ B3
T I B e g
- a =° 9] e ‘a g-q
g § £ § g 2 8§ & 2 ° o
€ €% 3§ E f 5 ©° B E g 3
@ 7] =] S = [ = 74
2 2 & 8 S 2« ° g = 0} 2 =
£E © % T ¢ % &€ F § § g § ¢&
Study 2 &£ 08 < £ 3 & 0o 0o a & B
Alessio-Mazzola et al. (2022) (41) 2 2 2 1 1 2 1 1 2 2 2 2 -
Andruszkow et al. (2012) (36) 2 2 0 2 0 1 2 0 2 1 2 15
Crespo et al. (2012) (37) 1 2 0 2 0 2 1 0 2 2 1 2 15
Gronhaug et l. (2022) (42) 2 02 2 2 0 2 1 0 2 2 2 2 |8
Seving et al. (2020) (27) 2 0 2 2 0 2 2 0 2 0 1 215
Cho et al. (2016) (29) 2 2 2 2 0 2 2 0 2 2 2 2
Matre et al, (2013) (28) 2 2 1 2 0 2 1 2 2 2 2 2
Mohan er al. (2019) (18) 2 1 0 2 0 1 2 0 2 2 1 215
Pehlivanoglu er al. (2021) (43) 2 2 2 1 0 2 0 0 2 2 1 1 15
Pythénen er al, (2022) (44) 2 2 2 2 0 2 2 0 2 2 2 2
Talmag 7 al. (2019) (19) 2 2 2 2 0 2 2 0 2 2 1 2
Tian et al. (2010) (39) 2 2 0 2 0 2 2 0 2 2 1 2 17
Van der Sijp ef al. (2021) (40) 2 2 2 2 2 2 1 2 2 2 1 2 |8
Yu et al. (2016) (38) 1 2 1 2 0 2 2 0 2 2 2 2 18

Total scores can range from 0 up to 24, with lower scores indicating higher risk of bias.

0, not reported; 1, reported but inadequate; 2, reported and adequate.
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Quality assessment

The details and distribution of the quality assessment using the RoB 2 for RCTs and
MINORS for observational studies are described in Tables 3 and 4. The overall bias
assessment in the RoB 2 ranged from high overall risk of bias in Pajarinen ez a/. (32)

to low overall risk of bias in Tao ez 2/ (35) and Ovesen et a/. (33). The mean score for
the MINORS was 18 (SD 2.5) and ranged from 15 (moderate quality) to 22 (high

quality).

A summary of all study results and meta-analyses is provided in table 5. The most
(clinically) relevant and statistically significant outcome measures are described below.
Forrest plots for additional outcome measures can be found in Appendix 4.

Functional outcomes

Harris Hip Score (HHS)

The mean HHS (six studies, Fig. 2) at a minimum of one year after trauma was 82.2
in 261 patients for extramedullary fixation and 82.9 in 249 patients for intramedullary
fixation. There was no significant difference between groups, with a considerable level
of heterogeneity of effect across studies (MD 1.38, CI -3.43 to 6.18, '=92%, p=0.57)
(19, 27, 35, 38, 39, 41).

Pain

The mean 1-year post-operative pain score (four studies, Fig. 3) was 2.4 in 2,679 pa-
tients for extramedullary fixation and 2.2 in 1,006 patients for intramedullary fixation,
on a 10-point scale. There was no significant difference in standardized 1-year post-
operative pain between groups (SMD 0.04, CI -0.04 to 0.11, F=0%, p=0.36) (17, 28,
40, 42).

Other functional outcomes

No significant difference between groups was found in Parker mobility score (MD
0.52, CI -0.11 to 1.14, I’=0%, p=0.11) (Appendix 4, Fig. 1) (18, 41) and one-year
post-operative walking ability (RR 1.11, CI 0.82 to 1.50, F=0%, p=0.97) (OR4, Fig.
2) (35, 39).
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Complications

Reoperation

Reoperation (11 studies, Fig. 4) was performed in 483 out of 15,389 (3.1%) in extra-
medullary fixation and 199 out of 5,548 (3.6%) patients in intramedullary fixation. No
significant difference between groups was found, with a moderate level of heterogeneity
of effect across studies (RR 0.94, 0.72 to 1.23, ’=34%, p=0.85) (17, 19, 28, 33, 34,
38-42, 44).

Nonunion

Nonunion (nine studies, Fig. 5) occurred in 26 cases out of 6,933 (0.4%) in extramed-
ullary fixation and seven cases out of 1,790 (0.4%) in intramedullary fixation. There
was no significant difference in nonunion between groups (RR 1.41, CI 0.58 to 3.42,
F=0%, p=0.45 (17-19, 28, 29, 34, 38, 39, 41).

Cut-out

Cut-out (12 studies, Fig. 6) occurred in 36 cases out of 7,158 (0.5%) in extramedullary
fixation and 20 cases out of 1,852 (1.1%) in intramedullary fixation. There was no
significant difference in cut-out rate between groups (RR 0.69, CI 0.40 to 1.20, F=0%,
p=0.19) (17-19, 28, 29, 32-34, 36-39).

Peri-implant fracture

Peri-implant fracture (five studies, Fig. 7) occurred in 16 cases out of 6,732 (0.2%)
in extramedullary fixation and 7 cases out of 1,600 (0.4%) in intramedullary fixa-
tion. There was no significant difference in peri-implant fracture rate between fixation

groups, with a moderate to substantial level of heterogeneity of effect across studies (RR
1.14, C1 0.16 to 8.18, '=66%, p=0.89) (17, 19, 28, 34, 38).

Conversion to prosthesis

Conversion to prosthesis (eight studies, Fig. 8) occurred in 269 cases out 15,118
(1.8%) in extramedullary fixation and 105 cases out of 5,282 (2.0%) in intramedullary
fixation. There was no significant difference between groups (RR 0.87, CI 0.66 to 1.15,
F=15%, p=0.32) (17, 28, 29, 33, 39, 41, 42, 44).

Implant/fixation failure

Implant or fixation failure (eight studies, Fig. 9) was reported in 70 cases out of 6,858
(1.0%) in extramedullary fixation and 15 cases out of 1,767 (0.8%) in intramedullary
fixation. There was no significant difference between groups (RR 1.78, CI 0.82 to 3.86,
F=20%, p=0.15) (19, 28, 29, 34, 38-41).
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Other complications

There were no significant differences between groups in deep infection (RR 2.39, CI
0.47 to 12.25, P=0%, p=0.30, OR4 Fig. 3) (18, 29, 32-34, 38, 39, 41), superficial
infection (RR 1.12, CI 0.43-2.90, =0%, p=0.81, OR4 Fig. 4) (19, 29, 32, 34, 38, 39,
41, 43), malunion (RR 0.78, CI 0.33 to 1.84, ’=0%, p=0.58, OR4 Fig. 5) (19, 38,
41), limb length discrepancy >25mm (RR 3.36, CI 0.25 to 45.01, ’=48%, p=0.36,
OR4 Fig. 6) (19, 29, 38), heterotopic ossification (RR 0.76, CI 0.26 to 2.25, F=23%,
p=0.62, OR4 Fig. 7) (19, 38, 41), osteolysis in well-fixed implants (RR 0.74, CI 0.05
to 11.03, P=30%, p=0.83, OR4 Fig. 8) (19, 38), and 1-year mortality (RR 0.98, CI
0.61 to 1.56, ’=0%, p=0.92, OR4 Fig. 9) (19, 40).

Surgical outcomes

There was a significantly longer operation time (9 studies, Fig. 10) for extramedullary
fixation, with a mean of 53.5 minutes in 6,704 patients versus 53.2 minutes in 1,685
patients in the intramedullary group (MD 14.1, CI 6.98 to 21.29, =96%, p<0.001)
(18, 19, 28, 29, 35, 39-41, 43). Operative blood loss (7 studies, Fig. 11) in the ex-
tramedullary group was significantly higher as well, with a mean of 351 mL in 305
patients versus a mean of 204 mL in 355 patients in the intramedullary group (MD
92.30, CI 13.49 to 171.12, =98%, p=0.02) (18, 19, 29, 35, 39, 40, 43).

No significant differences between the groups were found in the other surgical out-
comes or operation characteristics: Time to radiological union (MD -0.04, CI -1.10 to
1.02, P=84%, p=0.94, OR4 Fig. 10) (19, 29, 35, 38, 39), good quality of reduction
(RR 1.03, CI 0.95 to 1.11, =0%, p=0.46, OR4 Fig. 11) (19, 35, 38, 40, 41), hospital
stay (MD 0.50, CI -0.25 to 1.25, P=489%, p=0.19, OR4 Fig. 12) (19, 35, 39, 41, 43),
or fluoroscopy time (MD 13.12, CI -3.28 to 29.52, P=73%, p=0.12, OR 4 Fig. 13)
(19, 35, 41).

Only two studies reported data on hospital or surgery-related costs (41, 43). Due to

differences in included cost variables no pooled effect could be calculated. None of the
included studies reported data on cost-effectiveness.
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Mean Difference Mean Difference

Extr Y Yy
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.21RCTs
Tao et al. (2013) 852 64 9 836 58 10 15.5% 1.60[-3.91,7.11] 2013
Subtotal (95% CI) 9 10 15.5% 0 [-3.91, 7.11]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.57 (P = 0.57)
1.2.2 Observational studies
Tian et al. (2010) 87.15 7.77 20 88.84 6.97 38 17.1% -1.69 [-5.75, 2.37] 2010 L
Yu etal. (2016) 8725 454 112 8824 407 110 19.3% -0.99 [-2.12,0.14] 2016 -
Talmac et al. (2019) 708 59 42 754 87 45 18.0% -4.60 [-7.71,-1.49] 2019 L —
Sevinc et al. (2020) 84 53 48 725 55 16  18.0% 11.50 [8.42, 14.58] 2020 [
Alessio-Mazzola et al. (2022) 78 19 30 75 14 30 122% 3.00 [-5.45, 11.45] 2022 I
Subtotal (95% CI) 252 239  84.5% 1.34 [-4.15, 6.84] e
Heterogeneity: Tau? = 34.50; Chi? = 65.89, df = 4 (P < 0.00001); I = 94%
Test for overall effect: Z = 0.48 (P = 0.63)

Total (95% CI) 261 249 100.0%  1.38[-3.43,6.18] —-’—-

Heterogeneity: Tau? = 30.85; Chiz = 66.24, df = 5 (P < 0.00001), I* = 92% _1-0 -5 lI) é 1-0
Test for overall effef:i: Z=0.56 (P =0.57) Favors y Favors llary
Test for subaroun differences: Chi? = 0.00. df =1 (P = 0.95). = 0%

Figure 2: Forrest plot for Harris hip score after extramedullary versus intramedullary fixation of stable
trochanteric fractures

IV, inverse variance; RCT, randomized controlled trial; SD, standard deviation

E: dullary I dullary Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.3.1 RCTs
Parker et al. (2017) 18 11 66 16 1.1 72 5.1% 0.18[-0.15,0.52] 2017 I
Subtotal (95% Cl) 66 72 51% 0.18 [-0.15, 0.52] ———e——
Heterogeneity: Not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
1.3.2 Observational studies
Matre et al. (2013) 23 151 804 22 136 136 17.1% 0.07 [-0.11,0.25] 2013 1
Van der Sijp et al. (2021) 1.27 237 32 088 156 94 3.5% 0.22[-0.19, 0.62] 2021 -
Gronhaug et al (2022) 242 211 1777 24 21 704 743% 0.01 [-0.08, 0.10] 2022 t
Subtotal (95% CI) 2613 934  94.9% 0.03 [-0.05, 0.10]
Heterogeneity: Tau? = 0.00; Chi? = 1.19, df =2 (P = 0.55); ? = 0%
Test for overall effect: Z = 0.70 (P = 0.49)
Total (95% CI) 2679 1006 100.0% 0.04 [-0.04, 0.11] ?
Heterogeneity: Tau® = 0.00; Chi* = 1.95, df =3 (P = 0.58); I = 0% o o 3 o o5

Test for overall effect: Z = 0.92 (P
Test for subaroup differences: Chi*

.36)

077, df = 1 (P = 0.38), I = 0% Favors extramedullary Favors intramedullary
.77, df = =0.38).1°=0%

Figure 3: Forrest plot of 1-year pain score after extramedullary versus intramedullary fixation of stable
trochanteric fractures
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Yy Yy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.4.1 RCTs
Ovesen et al. (2006) 0 17 4 23 0.9% 0.15[0.01,2.58] 2006 —
Zou et al. (2009) 1 52 0 42  07% 2.431[0.10, 58.25] 2009
Parker et al. (2017) 3 83 1 87 1.4% 3.14[0.33, 29.63] 2017 ]
Subtotal (95% CI) 152 152 29% 1.13 [0.16, 7.96] e
Total events 4 5
Heterogeneity: Tau? = 1.05; Chi> = 3.08, df = 2 (P = 0.21); 1> = 35%
Test for overall effect: Z=0.13 (P = 0.90)
1.4.2 Observational studies
Tian et al. (2010) 0 20 1 38 07% 0.62[0.03, 14.54] 2010
Matre et al. (2013) 189 6355 60 1288 27.7% 0.64[0.48,0.85] 2013 -
Yu et al. (2016) 15 112 7 110 7.8% 2.10[0.89, 4.96] 2016 T
Talmacg et al. (2019) 10 130 5 73 57% 1.12[0.40, 3.16] 2019 e —
Van der Sijp et al. (2021) 2 32 4 94  25% 1.47[0.28,7.64] 2021 —
Alessio-Mazzola et al. (2022) 0 44 0 41 Not estimable 2022
Gronhaug et al (2022) 159 4811 67 2030 27.9% 1.00[0.76, 1.33] 2022 -
Pyrhonen et al (2022) 104 3733 50 1722 24.8% 0.96 [0.69, 1.34] 2022 -
Subtotal (95% CI) 15237 5396 97.1% 0.94 [0.71, 1.23] <
Total events 479 194
Heterogeneity: Tau? = 0.05; Chiz = 10.61, df = 6 (P = 0.10); I? = 43%
Test for overall effect: Z = 0.47 (P = 0.64)
Total (95% CI) 15389 5548 100.0% 0.94[0.72, 1.23] R 2
Total events 483 199
Heterogeneity: Tau? = 0.05; Chi? = 13.72, df = 9 (P = 0.13); I = 34% T ¥ T '
Test for overall effect: Z = 0.42 (P = 0.67) 001 Favors o1 y Favors i 10 y 100

Test for subaroup differences: Chi? = 0.04. df = 1 (P = 0.85). I? = 0%
Figure 4: Forrest plot of reoperation rate after extramedullary versus intramedullary fixation of stable
trochanteric fractures
M-H, Mantel-Haenszel; RCT, randomized controlled trial; SD, standard deviation

y y Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.51RCTs
Zou et al. (2009) 0 52 0 42 Not estimable 2009
Parker et al. (2017) 0 83 0 87 Not estimable 2017
Subtotal (95% CI) 135 129 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.5.2 Observational studies
Tian et al. (2010) 0 20 0 38 Not estimable 2010
Matre et al. (2013) 18 6355 2 1288 37.0% 1.82[0.42, 7.85] 2013 — T
Cho et al. (2016) 2 13 1 81 13.9% 1.43[0.13, 15.54] 2016 -
Yu et al. (2016) 4 12 2 110 28.1% 1.96 [0.37, 10.51] 2016 I I A
Mohan et al. (2019) 0 24 0 30 Not estimable 2019
Talmac et al. (2019) 2 130 2 73 21.0% 0.56 [0.08, 3.90] 2019 L
Alessio-Mazzola et al. (2022) 0 44 0 41 Not estimable 2022
Subtotal (95% CI) 6798 1661 100.0% 1.41[0.58, 3.42] i
Total events 26 7
Heterogeneity: Tau? = 0.00; Chi? = 1.14, df = 3 (P = 0.77); I = 0%
Test for overall effect: Z = 0.75 (P = 0.45)
Total (95% Cl) 6933 1790 100.0% 1.41[0.58, 3.42]
Total events 7

. . ' + 4 |
Heterogeneity: Tau? = 0.00; Chi? = 1.14, df = 3 (P = 0.77); I = 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.75 (P = 0.45) Favours extr y Favours y

Test for subaroun differences: Not applicable
Figure 5: Forrest plot of nonunion rate after extramedullary versus intramedullary fixation of stable

trochanteric fractures
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y Intr

y
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Extramedullary versus intramedullary fixation of stable trochanteric femoral fractures:
a systematic review and meta-analysis

Discussion

This systematic review and meta-analysis compared extramedullary and intramedullary
fixation for stable two-part trochanteric fractures (AO 31-Al). No differences between
fixation groups were found in functional outcomes and complications. Duration of sur-
gery and intraoperative blood loss were found to be statically different between fixation
groups, in favor of intramedullary fixation, though with a high level of heterogeneity.

This is the first systematic review and meta-analysis that restricted the evaluation of
treatment effect, in present-day devices, to patients with only stable two-part trochan-
teric fractures. It includes a substantially larger number of patients than all previous
meta-analyses (9, 14, 21, 22, 45, 46). The most recent Cochrane review, by Lewis ez
al. (45), on RCTs and ‘RCT-like’ cohort studies published up to July 2020 compared
EM and IM fixation for a combination of AO A1-A3 fractures. In the only stratified
analysis on Al fractures, and in accordance with the current study’s data, it found no
differences between fixation groups for reoperation. For all combined fractures it found
no difference in reoperation, mortality, and several functional outcomes. Contrary to
this review, it did find an increased risk of many complications including non-union,
both superficial and deep infection, cut-out and implant failure for extramedullary
devices. Intramedullary devices were associated with an increased intra- and postopera-
tive periprosthetic fracture rate. The differences between this Cochrane review and our
meta-analysis can largely be explained by the absence of several recently published large
cohort studies, its combination of both stable, and unstable fractures, and inclusion of
older studies with a relatively higher rate of complications.

Another review by Wessels ez al. (2022) (21), comparing SHS vs IMN for AO A1-A3
trochanteric fractures, also found no significant differences between fixation devices in
the A1 fracture subgroup. Wessels ez al. only described a combination of major compli-
cations and, specifically, non-union. Both Lewis ¢z a/. and Wessels ez al. did not include
surgical outcomes or operation characteristics and also included pathological fractures.

Older reviews by Parker ez /. (2010) (46) and Jones et al. (2006) (14) studied fixa-
tion of all types of trochanteric fractures by cephalomedullary nail or sliding hip screw.
As opposed to the current meta-analysis and review by Wessels ez /., they reported a
significantly higher number of post- and intra-operative femoral fractures and higher
reoperation rate for patients treated with a cephalomedullary nail. Both did not provide
a stratified analysis for type of fracture. The difference between Jones ez al., our find-
ings and other recent reviews is likely caused by the fact that it included older studies,
from the earlier days of intramedullary fixation. Since then device quality, design and
surgical experience with intramedullary devices have greatly improved. Where older

91

<+
ol
Q
S
e
s
o=
(%]




Chapter 4

research advised against the use of intramedullary fixation, current data on clinical and
functional outcomes do not warrant any statement on the preferred type of device from
a clinical perspective.

Interpretation of results

This meta-analysis found that only the duration of surgery and intra-operative blood
loss to be statistically significantly in favor of intramedullary fixation. These results
should be interpreted with care. The level of heterogeneity of effects across the studies
was over 90% with large differences in mean operation time or blood loss (e.g. a range
of 25.6 to 136 min for extramedullary fixation (18, 19)). This large variety may partly
be explained by differences in surgery protocols, device used, experience of surgeons,
the small number of inclusions, and inclusion or exclusion of anesthesia times across
the included studies. The largest study by Matre ez al. (28), with 7,643 patients, and
arguably the best sample size for this comparison, found no significant difference in
operation time. The only other review reporting duration of surgery, by Parker ez /.
(46), included studies all conducted before the year 2005 and concluded that no defini-
tive conclusion could be drawn because of limited data.

As current literature shows no differences between intra- and extramedullary fixation in
functional outcomes or complications, it is tempting to conclude that surgeons could
use either type of device. However, the difference in device costs should also be consid-
ered in this decision. Extramedullary fixation, or more specifically dynamic/sliding hip
screw is most likely the most cost-effective implant. (47, 48). Intramedullary devices
can cost well over $1000 more than extramedullary options with, as demonstrated by
this review, the same surgical and clinical results for stable fractures. More expensive
devices, such as PFNA, should be avoided when enough surgical expertise with extra-
medullary devices exists. This financial argument is also used in the Dutch Guideline
for treatment of proximal femoral fractures and NICE guideline, as an argument for
usage of extramedullary devices when clear evidence for superiority is absent (23, 24).

Some limitations should be considered when interpreting the results of this study: First,
in every meta-analysis, there is a chance of publication bias, however, the funnel plots
show no clear indication for one-sided publication for the included variables. The large
majority of patients (>98%) included in this study came from observational studies
resulting in a larger risk of selection bias. Many of the studied variables have a moder-
ate to high level of heterogeneity between studies. Part of this could be explained by
random chance and can be corrected for by using random effect models. Another part
could be explained by the (small) differences in devices used, different moments in
time studies were conducted, differences in study populations (e.g. age, fracture type
prevalence, and inclusion of patients with concomitant injuries),and international dif-
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ferences between included studies. Most of the included RCTs and to a lesser degree,
observational studies appear underpowered or only adequately powered for the total
group of combined stable and unstable trochanteric femoral fractures. As many of the
studied outcomes and complications are rare, and occur at rates of 1% or lower, studies
are often not adequately powered to study these outcomes for a restricted group of
stable fractures. A combination of heterogeneity and low power could conceal treat-
ment effects that now seem insignificant. Although the clinical relevance of these effects
may be questionable. Larger and adequately powered RCTs or high-quality prospective
observational studies comparing extramedullary and intramedullary fixation in, specifi-
cally, stable trochanteric femoral fractures are needed to provide a definitive answer to
the question of superiority for treatment for stable trochanteric fractures. Considering
the low frequency of complications and sparsity of data on functional outcome and
patient reported outcomes, future research should focus on both functional and quality
of life data, and provide a large scale cost-effectiveness analysis.

Conclusion

There are no meaningful differences in complications, surgical-, or functional outcomes
between intramedullary and extramedullary fixation of stable two-part trochanteric
femoral (AO type 31-Al) fractures. Both treatment options result in good outcomes
and few complications. As outcomes do not differ, costs should be taken into account
when considering devices. Therefore the use of extramedullary devices should be advised
when enough surgical expertise with these devices is available. Future research should
focus on (functional) outcomes for individual fracture AO type A1-A3 subgroups, and
cost-effectivity of treatment and (medical) decision making for both techniques.
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Supplementary materials

Appendix 1: Syntax and search results

Table S1 results of initial search (22 March 2021)

Database searched via References  After de-duplication
Embase Embase.com 5,107 5,023
Medline ALL Ovid 4,037 536

Web of Science Core Collection * Web of Knowledge 2,807 432
Cochrane Central Register of Controlled Trials Wiley 538 126
Subtotal 12,489 6,117

Other sources: Google Scholar 200 39

Total 12,689 6,156

*Science Citation Index Expanded (1975-present) ; Social Sciences Citation Index (1975-present) ; Arts &
Humanities Citation Index (1975-present) ; Conference Proceedings Citation Index- Science (1990-pres-
ent) ; Conference Proceedings Citation Index- Social Science & Humanities (1990-present) ; Emerging

Sources Citation Index (2015-present)

Table S2 results of search update (26 September 2022)

Database searched Platform Years of coverage Records Records after
duplicates removed

Medline ALL Ovid 1946 - Present 4525 4490

Embase Embase.com 1971 - Present 5720 1766

Web of Science Core Collection* Web of Knowledge 1975 - Present 3548 573

Cochrane Central Register of Controlled Wiley 1992 - Present 584 107

Trials**

Additional Search Engines: Google Scholar (200 top-ranked) 200 40

Total 14577 6976

*Science Citation Index Expanded (1975-present) ; Social Sciences Citation Index (1975-present) ; Arts &
Humanities Citation Index (1975-present) ; Conference Proceedings Citation Index- Science (1990-pres-
ent) ; Conference Proceedings Citation Index- Social Science & Humanities (1990-present) ; Emerging
Sources Citation Index (2005-present)** Manually deleted abstracts from trial registries. No other database

limits were used than those specified in the search strategies
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Syntax used in both initial search and update:

Embase

(‘femur intertrochanteric fracture’/exp OR ‘femur pertrochanteric fracture’/exp OR
‘femur trochanteric fracture’/exp OR ‘proximal femur fracture’/de OR (((trochanter*
OR pertrochanter® OR intertrochanter*) NEAR/6 (fractur®)) OR ((prox*-femur* OR
prox*-femoral*) NEAR/3 (fract*)) OR 31A OR 31A1 OR 31A2 OR 31A3 OR 31-Al
OR 31-A2 OR 31-A3):ab,ti,kw) AND (‘intramedullary nailing’/exp OR ‘intramedul-
lary nail’/exp OR ‘bone nail’/exp OR ‘bone pin’/exp OR ‘bone plate’/exp OR ‘bone
screw’/exp OR ‘plate fixation’/exp OR ‘internal fixator'’/de OR ‘osteosynthesis’/exp
OR (CMN OR EPEN OR PFNA OR PFN OR IMN OR BCM OR DLT OR SHS
OR DHS OR PCCP OR PFLP OR TENA OR intramedullar* OR extramedullar*
OR intra-medullar® OR extra-medullar* OR cephalomedullar* OR cephalomedul-
lar* OR nail* OR plate* OR plating OR screw* OR pin* OR rod* OR nagel* OR
dyna-locking® OR antigrad® OR ((internal*) NEAR/3 (fixat*)) OR osteosynthes* OR
osteo-synthes*):ab,ti,kw) NOT ([Conference Abstract]/lim)

Medline

((((trochanter® OR pertrochanter® OR intertrochanter*) ADJ6 (fractur*)) OR ((prox*-
femur* OR prox*-femoral*) ADJ3 (fract*)) OR 31A OR 31A1 OR 31A2 OR 31A3
OR 31-A1 OR 31-A2 OR 31-A3).ab,ti,kf.) AND (exp Fracture Fixation, Internal/ OR
Internal Fixators OR Bone Nails/ OR Bone Plates/ OR exp Bone Screws/ OR (CMN
OR EPFN OR PFNA OR PFN OR IMN OR BCM OR DLT OR SHS OR DHS
OR PCCP OR PFLP OR TFNA OR intramedullar* OR extramedullar* OR intra-
medullar® OR extra-medullar® OR cephalomedullar® OR cephalomedullar® OR nail*
OR plate* OR plating OR screw* OR pin* OR rod* OR nagel* OR dyna-locking*
OR antigrad* OR ((internal*) ADJ3 (fixat*)) OR osteosynthes* OR osteo-synthes*).
ab,ti,kf.) NOT (news OR congres* OR abstract* OR book* OR chapter* OR disserta-

tion abstract®).pt.

Cochrane

((((trochanter® OR pertrochanter® OR intertrochanter*) NEAR/6 (fractur®)) OR
(((prox* NEXT/1 femur*) OR (prox* NEXT/1 femoral*)) NEAR/3 (fract*)) OR 31A
OR 31A1 OR 31A2 OR 31A3 OR (31 NEXT/1 A1) OR (31 NEXT/1 A2) OR (31
NEXT/1 A3)):ab,ti,kw) AND ((CMN OR EPFN OR PFNA OR PEN OR IMN
OR BCM OR DLT OR SHS OR DHS OR PCCP OR PFLP OR TFNA OR in-
tramedullar®* OR extramedullar® OR (intra NEXT/1 medullar*) OR (extra NEXT/1
medullar*) OR cephalomedullar®* OR cephalomedullar® OR nail* OR plate* OR
plating OR screw* OR pin* OR rod* OR nagel* OR (dyna NEXT/1 locking*) OR
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antigrad® OR ((internal*) NEAR/3 (fixat*)) OR osteosynthes® OR (osteo NEXT/1
synthes*)):ab, ti,kw)

Web of Science

TS=(((((trochanter®* OR pertrochanter* OR intertrochanter*) NEAR/5 (fractur*))
OR (((prox* NEAR/1 femur*) OR (prox* NEAR/I femoral*)) NEAR/2 (fract*)) OR
31A OR 31A1 OR 31A2 OR 31A3 OR 31-A1 OR 31-A2 OR 31-A3)) AND ((CMN
OR EPEN OR PFNA OR PEFN OR IMN OR BCM OR DLT OR SHS OR DHS
OR PCCP OR PFLP OR TFNA OR intramedullar* OR extramedullar* OR intra-
medullar® OR extra-medullar* OR cephalomedullar® OR cephalomedullar® OR nail*
OR plate* OR plating OR screw* OR pin* OR rod* OR nagel* OR dyna-locking* OR
antigrad® OR ((internal*) NEAR/2 (fixat*)) OR osteosynthes® OR osteo-synthes*)))
AND DT=(Article OR Review OR Letter OR Early Access)

Google Scholar
“intertrochanteric|pertrochanteric|trochanteric fracture” intramedullar|extramedullar

PubMed

((((trochanter*[tiab] OR  pertrochanter*(tiab] OR intertrochanter*[tiab]) AND
(fractur*[tiab])) OR ((prox*[tiab]-femur*[tiab] OR prox*[tiab]-femoral*[tiab]) AND
(fract*[tiab])) OR 31A OR 31A1 OR 31A2 OR 31A3 OR 31-A1 OR 31-A2 OR 31-
A3)) AND (Fracture Fixation, Internal[mh] OR Internal Fixators OR Bone Nails[mh]
OR Bone Plates[mh] OR Bone Screws[mh] OR (CMN OR EPFN OR PFNA OR
PEN OR IMN OR BCM OR DLT OR SHS OR DHS OR PCCP OR PFLP OR
TFNA OR intramedullar*[tiab] OR extramedullar*[tiab] OR intra-medullar*[tiab]
OR extra-medullar*[tiab] OR cephalomedullar*[tiab] OR cephalomedullar*[tiab] OR
nail*[tiab] OR plate*[tiab] OR plating OR screw*[tiab] OR pin*(tiab] OR rod*[tiab]
OR nagel*[tiab] OR dyna-locking*[tiab] OR antigrad*[tiab] OR ((internal*[tiab])
AND (fixat*[tiab])) OR osteosynthes*[tiab] OR osteo-synthes*[tiab])) NOT (news[pt]
OR congres*[tiab] OR abstract*[tiab] OR book*[tiab] OR chapter*[tiab] OR disserta-

tion abstract*[tiab])
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Appendix 2 Specific devices used in included studies as mentioned by

authors

Intramedullary device

Extramedullary device

RCTs
Ovesen et al. (2006)

Pajarinen ez al. (2005)

Parker et al. (2017)

Tao et al. (2013)

Zou et al. (2009)

Observational studies

Alessio-Mazzola et al. (2022)

Andruszkow et al. (2012)
Cho et al. (2016)

Crespo et al. (2012)
Grenhaug et al. (2022)

Matre et al. (2013)

Mohan ez al. (2019)
Pehlivanoglu ez al. (2021)
Pyrhénen et al. (2022)

Seving et al. (2020)
Talmag et al. (2019)

Tian et al. (2010)
Van der Sijp ez al. (2021)
Yu ez al. (2016)

Trochanteric gamma nail (GN)', second

generation
Proximal femoral nail (PFN)?

Targon proximal femoral (TPF) nail® +
Targon proximal femoral telescrew (TPFT)
nail®

Proximal femoral nail antirotation (PFNA)*

Proximal femoral nail antirotation (PFNA)?

Intramedullary proximal femoral nail

(PEN)?

Gamma 3 nail (GN)'

Proximal femoral nail antirotation (PFNA)?
Short gamma nail (GN)'

Intramedullary nail (IMN) short or long,
NFS

Gamma 3 nail (GN)', second and third
generation + Proximal femoral nail
antirotation (PFNA)* + Trigen intertan
trochanteric antegrade nail®

Proximal femoral nail (PFN)?
Proximal femoral nail antirotation (PFNA)?

Intramedullary nail (IMN), short and long,
NES

Proximal femoral nail antirotation (PFNA)>

Proximal femoral nail antirotation (PFNA)?

Proximal femoral nail antirotation (PFNA)?
Proximal femoral nail antirotation (PFNA)?

Proximal femoral nail antirotation (PFNA)>

Dynamic hip screw (DHS)?, with or
without stabilizing plate

Dynamic hip screw (DHS)?
Sliding hip screw (SHS), NFS

Reverse less invasive stabilization system

(LISS)?
Dynamic hip screw (DHS)?
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Dynamic hip screw (DHS)?

Dynamic hip screw (DHS)?
Dynamic hip screw (DHS)?
Percutaneous compression plate (PCCP)’

Sliding hip screw (SHS) with or without
a trochanteric support plate (TSP), NES

AMBI/CLASSIC hip screw system® +
Dynamic hip screw (DHS)?, with or
without compression plate

Dynamic hip screw (DHS)?
Dynamic hip screw (DHS)?
Sliding hip screw (SHS,) NES

Dynamic hip screw (DHS)?

Dynamic hip screw (DHS)? + Percutane-
ous compression plate (PCCP)’

Dynamic hip screw (DHS)?
Dynamic hip screw (DHS)?
Dynamic hip screw (DHS)?

! Stryker Howmedica, Freiburg, Germany/ Mahwha, New Jersey, USA? Depuy-Synthes, Oberdorf, Switzer-
land/ Westchester, PA, USA ® Endovis B.A., EBA, Citieffe, Italy “B. Braun, Tuttlingen, Germany > Orthofix,
Bussolengo, Italy ¢ Smith & Nephew, London, UK
NES, not further specified
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Appendix 3: Funnel Plots of included outcome measures

A: Harris Hip Score

B: One-year pain score
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Extramedullary vers

G: Superficial infection H: Non-union
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M: Implant/fixation failure

N: Limb-length discrepancy
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Appendix 4: Additional forest plots of included variables

Extramedullary Intramedullary Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.12.1 Observational studies
Alessio-Mazzola et al. (2022) B 34 el 47 35 a0 129% 1.30[-0.45, 2.09] 7
Mohan etal. (2019) 8 072 24 TE 17 a0 8ri% 0.40[-0.27,1.07] *t
Subtotal (95% CI) 54 60 100.0% 0.52[-0.11,1.14]

Heterageneity: Tau®= 0.00; Chi*=0.89, df=1 (P =0.38), F=0%
Testfor overall effect: 2= 1.61 (P=0.11)

Total (95% CI) 54 60 100.0% 0.52[-0.11,1.14] -
Heterageneity: Tau®= 0.00; Chi*=0.89, df=1 (P =0.38), F=0% 54 I2 % +
Testfor overall effact 2= 1.61 (P =0.11) Favours Intramedullary Favours Extramedullary

Testfor subgroup differences: Mot applicable
Figure al: Forrest plot of Parker mobility score after extramedullary versus intramedullary fixation of

stable trochanteric fractures

Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1131 RCTs
Tao et al. (2013) g q g 10 B1.4% 111 [0.75, 1.64]
Subtotal (95% CI) 9 10 61.4% 1.11 [0.75, 1.64]
Total events 8 8

Heterogeneity: Mot applicable
Testfor overall effect Z= 043 (P = 0.59)

1.13.2 Observational studies

Tian etal. (2010} 11 19 20 3B 386% 110068, 1.79) =
Subtotal (95% CI} 19 38 38.6% 1.10 [0.68, 1.79] e ———
Total events 1" 20

Heterogeneity: Mot applicable
Testfor overall effect Z= 038 (P=0.70)

Total (95% CI) 28 48 100.0% 1.11 [0.82, 1.50]
Total events 149 28

Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P =087}, "= 0% o5 or T n B

. _ 1
Testfor overall eﬁec_t. Z= 086 (P =10.51) Favours intramedullary Favours extramedullary
Test for subgroup differences: Chi®=0.00, df=1 (P =0.97), F=0%

Figure a2: Forrest plot of good walking ability after extramedullary versus intramedullary fixation of
stable trochanteric fractures

Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random,95%Cl Year M-H, Random, 95% CI
1.14.1 RCTs
Pajarinen etal. (2005) 1} 26 1} 21 Mot estimable 2005
Ovesen etal (2006) 1} 17 1} 23 Mot estimable 2008
Subtotal (95% CI) 43 44 Not estimable
Total events i} i}

Heterogeneity: Not apalicable
Test for overall effect: Mot applicable

1.14.2 Observational studies

Total evants 4 1

Heterogeneity: Tau®= 0.00; Chi®= 011, df= 2 (P = 0.95), F= 0% =U i D=1 05
Testfor overall effec.l: Z=1.04(P= 0'30_) Favors extramedullary Favors inframedullary
Tastfor subaroun diferences: Mot applicable

Zou etal. (2009 0 52 0 42 Mot estimahle 2009

Tian et al. (2010 0 20 0 38 Mot estimable 2010

Cho etal. (2016) 1 113 0 a1 26.3% 216[0.09,52.31] 2018

Yuetal (2016) 2 112 1 110 46.9% 196018, 21.35] 2018 —
Mohan etal. (2019) 1 24 0 0 26.8% 372016, 87.42] 2019

Alessio-Mazzola et al. (2022 0 44 0 41 Mot estimahle 2022

Subtotal (95% CI) 365 342 100.0% 2.39[047,12.25] ————
Tatal events 4 1

Heterogeneity: Tau®= 0.00; Chi®=0.11, df= 2 (P = 0.95), F= 0%

Testfor overall effect: Z=1.04 (P = 0.30)

Total (95% CI) 408 386 100.0% 2.39[047,12.25] ————

Figure a3: Forrest plot of deep infection rate after extramedullary versus intramedullary fixation of
stable trochanteric fractures'
'"Deep infection was defined as post-operative (wound) infection needing the use of intravenous antibiotics

and/or operative intervention
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Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.15.1 RCTs
Pajarinen etal. (2005) 1} 26 1} 21 Mot estimable 2005
Zou etal. (2009) 1 52 1} 42 9.0% 2.43[0.10,58.25] 2009
Subtotal (95% Cl) 78 63 9.0% 2.43 [0.10, 58.25] ———
Total evants 1 1]

Heterogenaity: Mot apalicable
Testfor overall effect: Z= 0.55 (P = 0.58)

1.15.2 Observational studies

Tian et al. (2010 1 20 0 3/ 8% 5.57[0.24,130.84] 200

Cho etal. (2016) 1 13 0 a1 5.8% 216[0.08,52.31] 2016

Yuetal (2016) 1 112 1 o 11.8% 0.98[0.06,15.51] 2016

Talmac et al. (2019) 2 130 2 T3 24.0% 0.56[0.08, 3.0 2014 I
Fehlivanoglu etal (2021) 3 65 3 87 3T1% 0.88[0.18,4.17] 2021 — &
Alessio-Mazzola et al. (2022} 0 44 0 4 Mot estimable 2022

Subtotal (95% CI) 484 400 91.0% 1.04 [0.38, 2.81] et
Tatal events 8 [

Heterogeneity: Tau®= 0.00; Chi®=1.73, df= 4 (P=0.78), F= 0%

Testfor overall effect: Z= 0.07 (F = 0.84)

Total (95% Cl) 562 463 100.0% 1.12 [0.43, 2.90]

Tatal events a [

Heterogeneity: Tau®= 0.00; Chi== 1,89, df= 5 (F = 0.85), F= 0% o o 7 05 00
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Figure a4: Forrest plot of superficial infection rate after extramedullary versus intramedullary fixation
of stable trochanteric fractures'
]Supcrﬁcial infection was defined as post-operative wound infection not needing intravenous antibiotics or

operative intervention.
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Figure a5: Forrest plot of malunion rate after extramedullary versus intramedullary fixation of stable

trochanteric fractures
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Figure a6: Forrest plot of limb-length discrepancy rate after extramedullary versus intramedullary

fixation of stable trochanteric fractures
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Figure a7: Forrest plot of heterotopic ossification rate after extramedullary versus intramedullary fixa-

tion of stable trochanteric fractures
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Figure a8: Forrest plot of osteolysis rate in well-fixed implants after extramedullary versus intramed-
ullary fixation of stable trochanteric fractures
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Figure a9: Forrest plot of one-year mortality rate after extramedullary versus intramedullary fixation

of stable trochanteric fractures
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Figure al0: Forrest plot of mean bone healing time in weeks after extramedullary versus intramedul-

lary fixation of stable trochanteric fractures
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Figure all: Forrest plot of good quality of reduction rate after extramedullary versus intramedullary
fixation of stable trochanteric fractures
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Figure al2: Forrest plot of mean hospital stay in days after extramedullary versus intramedullary fixa-

tion of stable trochanteric fractures
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Figure al3: Forrest plot of mean fluoroscopy time in seconds after extramedullary versus intramedul-

lary fixation of stable trochanteric fractures
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Chapter 5

Abstract

Objective

The aim of this systematic review was to compare extramedullary fixation and intra-
medullary fixation for AO type 31-A2 trochanteric fractures in the elderly, with regards
to functional outcomes, complications, surgical outcomes, and costs.

Methods

Embase, Medline, Web of Science, Cochrane Central Register of Controlled Trials, and
Google Scholar were searched for randomized controlled trials (RCTs) and observa-
tional studies. Effect estimates were pooled across studies using random effects models.
Results were presented as weighted risk ratio (RR) or weighted mean difference (MD)
with corresponding 95% confidence interval (95% CI).

Results

Fourteen RCTs (2,039 patients) and 13 observational studies (22,123 patients) were
included. Statistically superior results in favor of intramedullary fixation were found
for Harris Hip Score (MD 4.09, 95% CI 0.91-7.26, p=0.04), Parker mobility score
(MD -0.67 95% CI -1.2 to -0.17, p=0.009), lower extremity measure (MD -4.07 95%
CI -7.4 to -0.8, p=0.02), time to full-weight bearing (MD 1.14 weeks CI 0.92-1.35,
p<0.001), superficial infection (RR 2.06, 95% CI 1.18-3.58, p=0.01), non-union
(RR 3.67, 95% CI 1.03-13.10, p=0.05), fixation failure (RR 2.26, 95% CI 1.16-
4.44, p=0.02), leg shortening (MD 2.23 mm, 95% CI 0.81-3.65, p=0.002), time to
radiological bone healing (MD 2.19 months, 95% CI 0.56-3.83, p=0.009), surgery
duration (MD 11.63 min, 95% CI 2.63-20.62, p=0.01), operative blood-loss (MD
134.5 mL, 95% CI 51-218, p=0.002), and Tip-Apex Distance >25mm (RR 1.73, 95%
CI 1.10-2.74, p=0.02). No comparable cost/costs-effectiveness data was available.

Conclusion

Current literature shows that several functional outcomes, complications, and surgical
outcomes were statistically in favor of intramedullary fixation when compared with
extramedullary fixation of AO/OTA 31-A2 fractures. However, as several of the differ-
ences found appear not to be clinically relevant and for many outcomes data remains
sparse or heterogeneous, complete superiority of IM fixation for AO type 31-A2 frac-
tures remains to be confirmed in a detailed cost-effectiveness analysis.
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Introduction

Proximal femoral fractures are a major health problem among the elderly worldwide
and the incidence rate is rising due to progressive aging. It is expected that the total
number of patients with a proximal femoral fracture will rise from 1.66 million in 1990
to 6.26 million worldwide by 2050 (1-3). These fractures are not exclusively a problem
for public health systems, they also form a burden for society, due to high disability,
costs, and morbidity (4-8).

Trochanteric fractures make up 33 to 52% of the total number of proximal femoral
fractures (9, 10). They are subdivided into stable (two-part) trochanteric with intact
lateral wall (31-Al), unstable multi-fragmentary trochanteric with incomplete lateral
wall (31-A2), and unstable intertrochanteric (reverse obliquity) fractures (31-A3) by the
Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Association (AO/
OTA) classification (11). Of all proximal femoral fractures, 18-20% are classified as
31-A2 trochanteric fractures (12). Surgical treatment options for trochanteric fractures
are either fixation using an intramedullary nail or extramedullary fixation using plates
with or without a sliding hip screw.

Current surgical guidelines, such as the United Kingdom’s National Institute for Health
and Care Excellence (NICE) guideline and the Dutch Guideline for treatment of
proximal femoral fractures advise the use of extramedullary fixation for both AO type
31-Al and 31-A2 fractures, mainly due to better cost-effectivity (13, 14). Extramedul-
lary fixation is more cost-effective than intramedullary fixation in the majority of cases,
largely because of lower implant costs (15). The guidelines do, however, see both fixa-
tion strategies as viable treatment options for type 31-A2 fractures and underline the
absence of conclusive evidence of superiority for either device. Older literature, mainly
utilizing the now obsolete first generation of cephalomedullary nails, discouraged intra-
medullary devices due to a higher failure and reoperation rate (16).

While clear historic evidence of superiority is missing, in recent years the use of in-
tramedullary fixation is rising to up to 90% in the U.S. (17, 18). While more recent
studies report improving outcomes for intramedullary fixation, the optimal treatment
strategy, remains a topic of debate and the increasing trend of intramedullary fixation
may be caused by other factors than clinical data alone (17-21).

Therefore, the objective of this study was to compare recent literature assessing the
differences in functional outcomes, complications, surgical outcomes, and costs/cost-
effectiveness between extramedullary and intramedullary fixation using currently avail-
able implants in elderly patients with AO type 31-A2 fractures.
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Methods

This systematic review and meta-analysis was reported according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (22).
A protocol was developed prior to conducting the current study. This study did not
require approval from the local medical research ethics committee.

Search and eligibility criteria

Embase, PubMed/Medline, Web of Science, Cochrane Central Register of Controlled
Trials and Google Scholar were searched on 22 March 2021 and updated on 26 Sep-
tember 2022, including terms related to ‘trochanteric fractures’, ‘intramedullary treat-
ment and ‘extramedullary treatment’. An overview of the complete search strategy used
is included in Appendix 1 of Chapter 4. After deduplication, two reviewers (LHTN
and ACP) independently screened all articles for eligibility by title and abstract. There-
after, independent full-text analysis for eligibility was conducted. Disagreements were
resolved by consensus.

Studies were included when they presented data (a) published after 1990 of (b) acute (c)
AO 31-A2 trochanteric fractures, (d) comparing intramedullary (IM) and extramedul-
lary (EM) fixation (e) in patients aged 50 years and older, (f) using currently available
devices. Studies were excluded when they (a) presented no original data, (b) did not
mention relevant outcomes, (c) were biomechanical, iz vitro or cadaveric studies, (d)
pathological fractures, (e) bilateral fractures, (f) peri-implant fractures, (g) were case
reports, (h) did not make distinction between type of fracture or treatment.

Quality assessment

The included studies were assessed by two reviewers (LHTN and ACP) independently,
using the Cochrane Risk of Bias tool, version 2 (RoB2) for the randomized controlled
trials (RCTs) and the methodological index for non-randomized studies (MINORS)
for the observational studies (23, 24). RoB2 provides a risk of bias judgement resulting
in low, some concerns or high risk of bias. The MINORS provides a score with a maxi-
mum of 16 points for non-comparative studies and 24 points for comparative studies.
A higher score indicates higher quality.

Data collection

Data from all included studies were independently extracted by two reviewers (LHTN
and ACP) according to a predefined data sheet. The baseline characteristics collected
for each study contained: first author, year of publication, setting (country), inclusion
period, study design, type of fixation device used, follow-up period, and mean age,
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gender distribution, and total number of patients with AO-OTA 31-A2 fracture in the
study population. See Appendix 1 for specific devices used per included study.

Data were collected on the following outcome measures: Functional outcomes: Harris

Hip score (HHS), Parker mobility score, Lower extremity measure (a modification of
the Toronto extremity salvage score (TESS) (25)), recovery to pre-operative walking
ability, time to full-weight bearing; Complications: reoperation, superficial wound
infection, deep wound infection, nonunion, cut-out/protrusion (varus collapse of the
neck-shaft angle leading to extrusion of the screw), peri-prosthetic fracture, conver-
sion to prosthesis, implant/fixation failure (mechanical loosening or fracturing of
the implant), heterotopic ossification, leg shortening, screw migration, femur shaft
fracture, mortality; Surgical outcomes/operation characteristics: mean time to bone
healing, radiologic quality of reduction, surgery duration, hospital stay, blood loss,
blood transfusion (units per patient), blood transfusion, fluoroscopy time, tip-apex dis-
tance (TAD), TAD >25mm, femoral neck shortening, neck-shaft-angle (NSA);Costs/
cost-effectiveness. All outcome measures were included and analyzed as defined by the
original article.

Authors of studies with missing data (standard deviations) were contacted by email once
(26-30). When no data was received, standard deviations were imputed by weighted
mean SD of the other included studies, if at least two other studies were available.

Statistical analysis

RevMan version 5.4 was used to analyze data. Binary outcomes were pooled using the
Cochran-Mantel-Haenszel statistic and presented as risk ratio (RR) and continuous
outcomes were pooled using the inverse variance weighting method and presented
as mean difference (MD), both with corresponding 95% confidence intervals (95%
CI). All analyses were done separately for each of the different study designs (RCTs
and observational studies) and for overall effect and were presented in Forest plots.
Random effects models were used in all comparisons because of a high likelihood of
heterogeneity between studies due to inclusion of both RCT and observational studies
and comparison of multiple types of devices in different countries and clinical settings.
Assessment of heterogeneity between studies was done by using the Cochrane Q-test
and was quantified using the I’ statistic. A p-value <0.05 was considered statistically
significant. According to the Cochrane Handbook for Systematic Reviews of Interven-
tions, the level of heterogeneity was found to be unimportant when the I’ value is
between 0% and 40%, moderate between 30% and 60%, substantial between 50%
and 90% and considerable between 75% and 100% (31). Funnel plots were visually
inspected to assess publication bias (Appendix 2).
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Results

Search

The primary search resulted in a total of 14,577 records. After deduplication 7,213
studies remained for screening (Figure 1). Out of 473 full-text articles assessed for
eligibility, 27 were included in this systematic review and meta-analysis. Fourteen were

RCTs (26, 28, 30, 32-42) and 13 were observational studies (19, 20, 27, 29, 43-51).

Study characteristics

The included studies were published from 2006 to 2022 and provided data of 24,232
patients with an AO-OTA 31-A2 trochanteric fracture, of whom 2,039 patients were
included in RCTs and 22,123 in observational studies (Table 1). Of all included pa-
tients, 11,932 were treated with an extramedullary (EM) device and 12,300 with an
intramedullary (IM) device. Table S2 in Appendix 3 (OR3) provides an overview of the
outcome measures reported in the individual studies. The mean follow-up time was 12
months.

Quality assessment

The RoB 2 overall bias assessment indicated high risk of bias in three RCTs (30, 33,
39), medium risk in six RCTs (28, 32, 36, 40, 42, 52), and low risk in five RCTs (26,
34, 37, 38, 41) (OR3, Table $3). The MINORS score for observational studies ranged
from a minimum of 13 (44) (moderate quality) to a maximum of 22 (47) (high qual-
ity) with a mean of 17 (SD 2.5) (OR3, Table S4).
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[ Identification of studies via databases and registers ]
T\
Records identified (n= 14.577)
= : Records removed before screening:
= Embase (n = 5,720)
é Medline ALL (n=4.525) Duplicate records removed
= Web of Science Core Collection (n = 3.548) (n=7.364)
g Cochrane Central Register of Controlled Trials
= (n=584)
Google Scholar (n = 200)
) Records excluded (n = 6,432)
No proximal femur fracture (31-A) (n= 690)
— Wrong (surgical) treatment (n = 727)
No acute fractures (n=71)
Records screened Only pathological fractures (n = 299)
(n=7.213) Only peri-implant fractures (n = 97)
Only bilateral fractures (n=23)
Age too low (<50) (n=122)
No original data (Review, SR etc.) (n = 802)
Biomechanical, in vitro or animal studies (n = 501)
No relevant outcomes included (n=851)
Case reports (n =461)
Duplicates found during screening (n=31)
o Non-comparative studies (n=1,757)
=
=
£
@ Reports sought for retrieval Reports not retrieved
(n="781) (n=308)
Reports excluded (n = 446)
Before 1990 (n=59)
31-A3 fractures (n=12)
T 31-Al fractures (n=11)
Reports assessed for eligibility No distinction in treatment or classification (n = 164)
(n=473) Wrong implant used (n = 31)
g Non-comparative study (n = 14)
No access to full text (n = 45)
— Wrong classification used (n = 67)
= No relevant outcomes (n= 13)
= T g o Retracted article (n = 2)
El Studies included in review Conference paper (1= 27)
E =27) Duplicate publication of previously published study by
other authors (n=1)
—

Figure 1: Flowchart of search results, article inclusion and exclusion
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Chapter 5

Functional outcomes

Harris hip score (HHS)

The Harris hip score at one-year follow-up was reported in eight studies; three RCTs
(35, 41, 42) and five observational studies (27, 29, 46, 47, 50), in which 265 patients
were treated with EM fixation and 287 patients with IM fixation (Figure 2). The mean
HHS was 72 for EM fixation and 75 for IM fixation. The HHS significantly favored
IM fixation (MD -4.09, 95% CI -7.26 to -0.91, p=0.01, =47%).

Parker mobility score (PMS)

Parker mobility score at one-year follow-up was reported in three RCTs (Figure 3) (32,
36, 42), in which 125 patients were treated with EM fixation and 122 with IM fixation.
The mean PMS was 5.8 for EM devices and 6.5 for IM devices. The PMS significantly
favored IM fixation (MD -0.67, 95% CI -1.2 to -0.17, p=0.009, I’=0%).

Lower extremity measure (LEM)

Lower extremity measure at one-year follow-up was reported in two RCT’s (OR3,
Figure S2) (28, 33), in which 135 patients were treated with EM devices and 125 were
treated with IM devices. The mean LEM was 64.5 for EM devices and 67.0 for IM
devices. The LEM significantly favored IM fixation (MD -4.07, 95% CI -7.39 to -0.75,
p=0.02, I’=0%).

Recovery to pre-operative walking ability

Recovery to pre-operative walking ability was reported in two RCTs (OR3, Figure S3)
(36, 37). This was measured at 6 months by Zehir ez a/. and up to 1 year by Xu ez
al. Recovery to pre-operative walking ability was achieved in 87 out of 145 (60.0%)
patients treated with an EM device and in 100 out of 136 (73.5%) patients treated
with an IM device. There was no significant difference between fixation groups (RR

0.80, 95% CI 0.61 to 1.05, p=0.11, =0%).

Time to full weight bearing (weeks)

Time to full weight bearing was reported in one RCT and one observational study, with
94 patients treated by extramedullary fixation and 67 by intramedullary fixation (OR3,
Figure S4) (42, 46). Mean time to full weight bearing was 2.5 weeks for EM fixation
and 1.4 weeks for IM fixation. It significantly favored IM fixation (MD 1.14, 95% CI
0.92 to 1.35, p<0.001, I’=51%)

Pain scores

Different measurement scales were used for the pain scores, namely the VAS (27, 30,
50), and HHS pain score (27). None of the studies reported a significant difference.
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Extramedullary versus intramedullary fixation of unstable trochanteric femoral fractures (AO type 31-A2)

Figure 2: Forest plot of Harris Hip Score after extramedullary versus intramedullary fixation of AO

31-A2 fractures

Mean Difference

Mean Difference
IV, Random, 95% CI

Extr y y
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year
1.21 RCTs
Tao et al. (2013) 781 1286 21 814 10 21
Singh et al. (2017) 819 76 12 838 82 14
Garg et al. (2022) 76.36 16.45 35 86.85 10.52 35
Subtotal (95% CI) 68 70
Heterogeneity: Tau? = 10.85; Chi? = 3.99, df = 2 (P = 0.14); I* = 50%

Test for overall effect: Z = 1.93 (P = 0.05)

1.2.2 Observational studies

Knobe et al. (2009) 63 149 57 708 139 34
Knobe et al. (2012) 652 189 35 693 194 39
Suh et al. (2015) ! 19 50 74 15 50
Duymus et al. (2019)  78.84 11.31 59 84.53 10.39 32
Sevinc et al. (2020) 711 149 18 642 139 40
Subtotal (95% CI) 219 195
Heterogeneity: Tau® = 13.96; Chi? = 9.03, df = 4 (P = 0.06); I* = 56%
Test for overall effect: Z =1.45 (P = 0.15)

Total (95% CI) 287 265 1

Heterogeneity: Tau? = 9.70; Chiz = 13.27, df = 7 (P = 0.07); 1= 47%
Test for overall effect: Z =2.52 (P = 0.01)
Test for subaroup differences: Chi? = 0.29. df = 1 (P = 0.59). P =0%

Standard deviations for Knobe ez a/. (2009) and Sevinc ez al. (27, 29) were imputed.

IV, inverse variance; RCT, randomized controlled trial; SD, standard deviation

Figure3: Forestplot of Parker mobility score after extramedullary versus intramedullary fixation of

AO 31-A2 fractures
Aktselis etal. (2014) 57 22 35 65 23 36
Garg et al. (2022) 54 197 35 62 206 35
Xu et al. (2010) 618 183 55 671 189 51
Subtotal (95% Cl) 125 122

Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 2 (P = 0.87); I> = 0%
Test for overall effect: Z = 2.62 (P = 0.009)

1.3.2 Observational studies

Subtotal (95% CI) 0 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 125 122
Heterogeneity: Tau? = 0.00; Chi? = 0.28, df =2 (P = 0.87); 2 = 0%
Test for overall effect: Z = 2.62 (P = 0.009)

Test for subaroup differences: Not applicable

11.9%  -3.30[-10.18, 3.58] 2013 —_—
136%  -1.90[-7.98,4.18] 2017 —
12.7% -10.49[-16.96, 4.02] 2022 ¢——————————
38.3%  -5.20 [-10.48, 0.08] —e—
13.6% -7.80[-13.87,-1.73] 2009 s —
89% -4.10[-12.83,4.63] 2012 e e
123%  -3.00[-9.71,3.71] 2015 T
172% -5.69[-10.30,-1.08] 2019 e —
98%  6.90[-1.22,15.02] 2020 -
61.7%  -3.29[-7.73,1.16] —~ei——
00.0%  -4.09 [-7.26, -0.91] i
10 5 5 10

22.7%
27.9%
49.4%
100.0%

100.0%

Favors intramedullary Favors extramedullary

w
B
5
-
=
]
=
<]

-0.80 [-1.85, 0.25] - _
-0.80 [-1.74, 0.14] e a—
-0.53[-1.24,0.18] ——
-0.67 [-1.17, 0.17] ~
Not estimable
0.67 [1.17, -0.17] i
I A
Favors intramedullary  Favors extramedullary

Standard deviations for Garg et a/l. (2022) were imputed

Meta-analysis of the VAS score was not possible, because two studies out of three did
not report SDs and thus no imputed SD could be calculated (30, 50).

Other functional scores

Multiple other measurement scales are used for the functional outcomes and quality of

life, in addition to those previously mentioned: Merle d’Aubigné & Postel score (27,
47), EQ-5D (32), Barthel index (32), functional independence measure (FIM) (28),
Coval score (50), and HHS function score (27). None of the included studies reported
a significant difference between fixation groups. Due to the high diversity in included

functional and quality of life scores and/or missing SDs, no meta-analysis was performed.

An overview of functional outcomes is shown in table 2
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Extramedullary versus intramedullary fixation of unstable trochanteric femoral fractures (AO type 31-A2)

Complications

Reoperations

Reoperation rate was reported in 11 studies; five RCTs (26, 33, 37, 38, 40) and eight
observational studies (Figure 4) (19, 20, 27, 46-49, 51). Reoperation occurred in 604
out of 11,172 (5.4%) patients treated with an EM device and 578 out of 11,619 (5.0%)
treated with an IM device. There was no significant difference between fixation groups

(RR 1.25, 95% CI 0.94 to 1.66, p=0.12, ’=59%).

Deep infections

Deep infection rate was reported in nine studies; six RCTs (26, 28, 33, 37-39, 42) and
four observational studies (Figure 5) (27, 46, 49, 50). Deep infection occurred in 15
out of 928 (1.6%) patients treated with an EM device and 4 out of 689 (0.6%) patients
treated with an IM device. Five studies reported zero cases (26, 28, 39, 42, 50). There
was no significant difference between fixation groups (RR 1.45, 95% CI 0.52 to 4.03,
p=0.48, '=0%).

Superficial infections

Superficial infection rate was reported in 11 studies; eight RCTs (28, 30, 33, 34, 306,
37, 39, 42) and four observational studies (Figure 6) (44, 46, 48, 50). Superficial infec-
tion occurred in 47 out of 810 (5.8%) patients treated with an EM device and 18 out
of 782 (2.3%) patients treated with an IM device. Three studies reported zero cases (28,
39, 50). The risk of superficial infections was significantly lower in the IM group (RR
2.06, 95% CI 1.18 to 3.58, p=0.01, ’=0%).

Nonunion

Nonunion rate was reported in four studies; five RCTs (33, 34, 36, 40, 42) and one ob-
servational study (Figure 7) (46). Nonunion occurred in 18 out of 622 (2.9%) patients
treated with an EM device and 2 out of 563 (0.4%) patients treated with an IM device.
The risk for nonunion was significantly lower in the IM group (RR 3.67, 95% CI 1.03
to 13.10, p=0.05, ’=0%).

Cut-out/protrusion

Cut-out rate was reported in fourteen studies; seven RCTs (28, 32, 36-40) and seven
observational studies (Figure 8) (27, 43-48). Cut-out occurred in 52 out of 1345 (3.9%)
patients treated with an EM device and 35 out of 1240 (2.8%) patients treated with
an IM device. Three studies (32, 36, 39) reported zero cases. There was no significant
difference between fixation groups (RR 1.18, 95% CI 0.68 to 2.05, p=0.55, I’=28%).
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Chapter 5

Peri-implant fractures

Peri-implant fracture rate was reported in six studies; three RCTs (37, 40, 42) and three
observational studies (Figure 9) (44, 47, 48). Peri-implant fracture occurs in 8 out of
780 (1.0%) patients treated with an EM device and 12 out of 767 (1.6%) patients
treated with an IM device. Garg et al. reported zero cases (42). There was no significant
difference between fixation groups (RR 0.70, 95% CI 0.29 to 1.71, p=0.44, F=0%).

Conversion to prosthesis

Conversion rate was reported in nine studies; four RCTs (33, 37, 38, 40) and seven
observational studies (Figure 10) (19, 20, 27, 44, 46, 47, 49). Conversion to prosthesis
was reported in 274 out of 8,386 (3.3%) patients treated with an EM device and 287
out of 10,784 (1.7%) patients treated with an IM device. There was no significant
difference between fixation groups (RR 1.11, 95% CI 0.93 to 1.32, p=0.25, P=0%).

Fixation failure

Fixation/implant failure rate was reported in seven studies; three RCTs (32, 33, 36)
and four observational studies (Figure 11) (27, 46, 48, 50). Fixation failure occurred in
52 out of 511 (10.2%) patients treated with an EM device and 17 out of 460 (3.7%)
patients treated with an IM device. Suh et al. (50) reported zero cases. The risk for
fixation failure was significantly lower in the IM group (RR 2.26, 95% CI 1.16 to 4.44,
p=0.02, '=23%).

Heterotopic ossification

Heterotopic ossification was reported in three studies; two RCTs (28, 42) and one ob-
servational study (50). In Reindl ez 4/.(28) heterotopic ossification occurred in 23 out
of 130 (17.7%) patients treated with an EM device and 49 out of 137 (35.8%) patients
treated with an IM device (RR 0.51, 95% CI 0.35-0.76, p=0.008). In respectively, 12
and 35 cases this was Brooker stage 1 heterotopic ossification. No pooled risk ratio for
heterotopic ossification could be calculated, because both Garg ez 4/. and Suh et al. (42,
50) reported zero cases.

Leg shortening (mm)

Leg shortening was reported in four studies; two RCTs (34, 36) and two observational
studies (OR3, Figure S5) (47, 50), in which 194 patients were treated with an EM
device and 194 with an IM device. The mean leg shortening length was 4.3 mm for
EM devices and 2.3 mm for IM devices. Leg shortening was significantly lower for IM
fixation (MD 2.23 mm, 95% CI 0.81 to 3.65, p=0.002, P=65%).
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Screw migration

Migration of cephalomedullary screw was reported in three studies; two RCTs (37, 46)
and one observational study (OR3, Figure S6) (47). Screw migration occurred in 10
out of 215 (4.7%) patients treated with an EM device and in 10 out of 182 (5.5%)
patients treated with an IM device. There was no significant difference between fixation

groups (RR 0.76, 95% CI 0.11 to 5.08, p=0.77, '=55%).

Femoral shaft fractures

Femoral shaft fractures were reported in two RCTs (OR3, Figure S7) (36, 37). Femoral
shaft fractures occurred in 1 out of 157 (0.6%) patients treated with an EM device and
in 4 out of 147 (2.7%) patients treated with an IM device. There was no significant
difference between fixation groups (RR 0.38, 95% CI 0.05 to 2.81, p=0.34, F=0%).

Mortality

Mortality rate, after at least one-year follow-up was reported in seven studies; three RCTs
(26, 36, 37) and four observational studies (Figure 12) (27, 47, 48, 51). In 764 out of
3104 (24.6%) patients treated with an EM device and 269 out of 1099 (24.5%) patients
treated with an IM nail mortality occurred during follow-up. There was no significant

difference between fixation groups (RR 1.04, 95% CI 0.85 to 1.28, p=0.72, P=43%).

An overview of all complications can also be found in table 3.

Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.4.1 RCTs
Ovesen et al. (2006) 4 52 7 44 4.6% 0.48 [0.15, 1.54] 2006 _
Barton et al. (2010) 2 110 3 100 2.3% 0.61[0.10, 3.55] 2010 —
Zehir et al. (2015) 3 102 0 9%  0.9% 6.59[0.34, 125.97] 2015
Parker et al. (2017) 8 364 5 353 4.9% 1.55 [0.51, 4.70] 2017 I —
Andalib et al. (2020) 12 55 3 38 4.4% 2.76 [0.84, 9.14] 2020 7
Subtotal (95% Cl) 683 631 171% 1.26 [0.56, 2.83] -
Total events 29 18

Heterogeneity: Tau? = 0.30; Chi2 = 6.33, df =4 (P = 0.18); 2= 37%
Test for overall effect: Z = 0.57 (P = 0.57)

1.4.2 Observational studies

Knobe et al. (2009) 19 82 9 53  89% 1.36 [0.67, 2.79] 2009 1T
Knobe et al. (2012) 6 54 5 54  4.8% 1.20[0.39, 3.70] 2012 - 1
Page et al. (2016) 7 267 4 103 4.3% 0.68 [0.20, 2.26] 2016 1
Tucker et al. (2018) 7 2526 1" 545 10.3% 1.51[0.81, 2.82] 2018 T
Duymus et al. (2019) 14 59 4 32 5.6% 1.90 [0.68, 5.29] 2019 - -
Muller et al. (2020) 34 175 16 200 11.4% 2.43[1.39, 4.25] 2020

Pyrhonen et al. (2022) 115 3187 329 7026 18.5% 0.77 [0.63, 0.95] 2022

Gronhaug et al. (2022) 303 4139 182 2975 19.1% 1.20 [1.00, 1.43] 2022

Subtotal (95% Cl) 10489 10988 82.9% 1.25[0.92, 1.70]

Total events 575 560

Heterogeneity: Tau? = 0.10; Chi? = 22.77, df = 7 (P = 0.002); I = 69%
Test for overall effect: Z=1.41 (P = 0.16)

Total (95% ClI) 11172 11619  100.0% 1.25[0.94, 1.66]

Total events 604 578

Het ity: Tau? = 0.10; Chi2 = 29.24, df = 12 (P = 0.004); |2 = 59 L t + d

Te ?rfoge"eltyu :u t: zo —01! ;:5' P= g 12) ’ (= oopay =S 001 o 1 10 100
est for overall effect Z = 1.55 (P = 0.12) Favors extramedullary Favors intramedullary

Test for subaroup differences: Chi? = 0.00. df = 1 (P = 0.98). I>=0%

e w**

Figure 4: Forest plots of reoperations after extramedullary versus intramedullary fixation of AO 31-
A2 fractures
M-H, Mantel-Haenszel; RCT, randomized controlled trial; SD, standard deviation
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E; dullary | dull; Risk Ratio Risk Ratio

Y
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl Year M-H, Random, 95% CI

1.5.1 RCTs

Pajarinen et al. (2005) 0 24 0 26 Not estimable 2005

Ovesen et al. (2006) 1 52 2 44  18.8% 0.42[0.04, 4.51] 2006 - 1

Barton et al. (2010) 0 110 0 100 Not estimable 2010

Reindl et al. (2015) 0 22 ] 112 Not estimable 2015

Zehir et al. (2015) 4 102 0 96 12.4% 8.48 [0.46, 155.36] 2015 d
Andalib et al. (2020) 2 55 0 38 11.6% 3.48[0.17, 70.55] 2020

Garg et al. (2022) 0 35 ] 35 Not estimable 2022

Subtotal (95% CI) 470 451 42.8% 1.94 [0.30, 12.56] e

Total events 7 2

Heterogeneity: Tau? = 0.78; Chi? = 2.79, df = 2 (P = 0.25); I = 28%
Test for overall effect: Z = 0.70 (P = 0.49)

1.5.2 Observational studies

Knobe et al. (2009) 3 82 0 53 12.1% 4.55[0.24, 86.43] 2009

Suh et al. (2015) 0 50 0 50 Not estimable 2015

Page et al. (2016) 3 267 2 103 33.4% 0.58[0.10, 3.41] 2016 — &
Duymus et al. (2019) 2 59 0 32 11.6% 2.75[0.14, 55.60] 2019

Subtotal (95% Cl) 458 238 57.2% 1.23[0.32, 4.78] e
Total events 8 2

Heterogeneity: Tau? = 0.00; Chi? = 1.81, df = 2 (P = 0.40); 2 = 0%
Test for overall effect: Z = 0.30 (P = 0.76)

Total (95% CI) 928 689 100.0% 1.45[0.52, 4.03]
Total events 15 4

Heterogeneity: Tau? = 0.00; Chi? = 4.77, df = 5 (P = 0.44); > = 0% '0 o1 0'1 1' 1'0 100'
Test for overall effect: Z = 0.70 (P = 0.48) ’ Favors éxtramedul\ary Favors intramedullary
Test for subaroup differences: Chi? = 0.15, df = 1 (P = 0.70). I* = 0%

Figure 5: Forest plots of deep infections after extramedullary versus intramedullary fixation of AO
31-A2 fractures

E: dullary | dullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.6.1 RCTs
Pajarinen et al. (2005) 0 24 0 26 Not estimable 2005
Xu etal. (2010) 3 55 1 51  6.2% 2.78[0.30, 25.89] 2010 —
Verettas et al. (2010) 2 59 1 59 5.5% 2.00[0.19, 21.46] 2010
Reindl et al. (2015) 0 92 0 112 Not estimable 2015
Zehir et al. (2015) 7 102 4 96 21.5% 1.65[0.50, 5.45] 2015 [ e —
Andalib et al. (2020) 6 55 2 38 12.9% 2,07 [0.44, 9.73] 2020 e
Saleem et al. (2020) 7 54 ] 54 3.8% 15.00 [0.88, 256.28] 2020 e —
Garg et al. (2022) 1 35 o 35 3.1% 3.00[0.13,71.22] 2022
Subtotal (95% CI) 476 471 52.9% 2,29 [1.07,4.92] g

Total events 26 8
Heterogeneity: Tau? = 0.00; Chi? = 2.23, df = 5 (P = 0.82); = 0%
Test for overall effect: Z = 2.13 (P = 0.03)

1.6.2 Observational studies

Suh et al. (2015) 0 50 0 50 Not estimable 2015

Butt et al. (2017) 1 50 3 29 6.3% 0.19[0.02, 1.77] 2017 R

Duymus et al. (2019) 8 59 1 32 74% 4.34[0.57, 33.16] 2019 N e —
Muller et al. (2020) 12 175 6 200 33.4% 2.29[0.88, 5.96] 2020 T

Subtotal (95% CI) 334 311 471% 1.45[0.32, 6.64] ——e

Total events 21

Heterogeneity: Tau? = 1.07; Chi? = 4.85, df = 2 (P = 0.09); I = 59%
Test for overall effect: Z = 0.48 (P = 0.63)

Total (95% CI) 810 782 100.0% 2,06 [1.18, 3.58] -
Total events 47 18
Heterogeneity: Tau? = 0.00; Chi? = 7.14, df = 8 (P = 0.52); I = 0%
Test for overall effect: Z = 2.55 (P = 0.01)

Test for subaroup differences: Chi? = 0.28. df = 1 (P = 0.60). I = 0%

0.02 0.1 10 50
Favors extramedullary Favors intramedullary

Figure 6: Forest plots of superficial infections after extramedullary versus intramedullary fixation of
AO 31-A2 fractures
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Extramedullary

Study or Subgroup Events

1.7.1 RCTs

Xu et al. (2010) 0 55
Parker et al. (2017) 3 364
Andalib et al. (2020) 2 55
Saleem et al. (2020) 3 54
Garg et al. (2022) 0 35
Subtotal (95% CI) 563
Total events 8

Intramedullary
Total Events Total Weight

Risk Ratio

M-H, Random, 95% CI Year

51
353
38
54
35
531

0
1 31.7%
1 29.0%
0 18.7%
0

79.4%
2

Heterogeneity: Tau? = 0.00; Chi*= 0.73, df = 2 (P = 0.69); I = 0%

Test for overall effect: Z = 1.38 (P = 0.17)

1.7.2 Observational studies

Duymus et al. (2019) 10 59
Subtotal (95% CI) 59
Total events 10

Heterogeneity: Not applicable
Test for overall effect: Z = 1.71 (P = 0.09)

Total (95% CI)
Total events

622
18

0 32 206%
32 206%

563 100.0%
2

Heterogeneity: Tau? = 0.00; Chi? = 1.66, df = 3 (P = 0.65); I = 0%

Test for overall effect: Z=2.00 (P = 0.05)

Test for subaroup differences: Chi? = 0.81. df =1 (P = 0.37). I = 0%

Figure 7: Forest plots of nonunion after extramedullary versus intramedullary fixation of AO 31-A2

Not estimable
2.91[0.30, 27.84]
1.38[0.13, 14.70]

7.00[0.37, 132.35]

Not estimable

2,73 [0.65, 11.37]
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fractures
Extramedullary  Intramedullary

Study or Subgroup Events Total Events Total Weight
1.8.1 RCTs
Pajarinen et al. (2005) 0 24 0 26
Ovesen et al. (2006) 2 52 4 44 84%
Xu etal. (2010) 0 55 0 51
Aktselis et al. (2014) 0 35 0 36
Reindl et al. (2015) 2 92 0 112 3.0%
Zehir et al. (2015) 8 102 7 96 16.6%
Parker et al. (2017) 4 364 1 353 5.4%
Subtotal (95% CI) 724 718 33.4%
Total events 16 12
Heterogeneity: Tau? = 0.22; Chi? = 3.83, df = 3 (P = 0.28); I* = 22%
Test for overall effect: Z = 0.41 (P = 0.68)
1.8.2 Observational studies
Knobe et al. (2009) 8 82 2 53 9.6%
Knobe et al. (2012) 2 54 3 54 7.7%
Andruszkow et al. (2012) 3 86 2 34 77%
Crespo et al. (2012) 4 115 9 120 13.8%
Butt et al. (2017) 1 50 0 29 28%
Duymus et al. (2019) 4 59 3 32 10.3%
Muller et al. (2020) 14 175 4 200 14.7%
Subtotal (95% CI) 621 522 66.6%

Total events 36

23

Heterogeneity: Tau? = 0.38; Chi? = 9.96, df =6 (P = 0.13); I = 40%

Test for overall effect: Z =0.36 (P = 0.72)

Total (95% Cl)
Total events

1345
52

1240 100.0%
35

Heterogeneity: Tau? = 0.23; Chi* = 13.80, df =10 (P = 0.18); I = 28%

Test for overall effect: Z = 0.59 (P = 0.55)

Test for subaroup differences: Chi* = 0.01. df =1 (P = 0.92). P = 0%

Not estimable
0.420.08, 2.20]
Not estimable

Not estimable
6.08 [0.30, 124.98]
1.08 [0.41, 2.85]
3.88 [0.44, 34.54]
1.22[0.47, 3.14]

2.59[0.57, 11.71]
0.67 [0.12, 3.83]
0.59 [0.10, 3.39]
0.46 [0.15, 1.46]

1.76 [0.07, 41.96]
0.72[0.17, 3.03]

4.00 [1.34,11.93]
1.15 [0.55, 2.41]

1.18 [0.68, 2.05]
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Figure 8: Forest plots of cut-out after extramedullary versus intramedullary fixation of AO 31-A2

fractures
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Ext dullary | dullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.9.1 RCTs
Zehir et al. (2015) 3 102 3 96  31.9% 0.94[0.19, 4.55] 2015 .
Parker et al. (2017) 4 364 3 353 35.7% 1.29[0.29, 5.74] 2017 &
Garg et al. (2022) 0 35 0 35 Not estimable 2022
Subtotal (95% CI) 501 484  67.6% 1.11[0.38, 3.29] i
Total events 7 6

Heterogeneity: Tau? = 0.00; Chi*=0.08, df =1 (P = 0.77); = 0%
Test for overall effect: Z = 0.18 (P = 0.85)

1.9.2 Observational studies

Knobe et al. (2012) 0 54 1 54 7.8% 0.33[0.01, 8.01] 2012

Butt et al. (2017) 0 50 1 29 7.9% 0.20 [0.01, 4.66] 2017 ¢

Muller et al. (2020) 1 175 4 200 16.6% 0.29 [0.03, 2.53] 2020 - = 1
Subtotal (95% CI) 279 283 324% 0.27 [0.06, 1.29] e
Total events 1

6
Heterogeneity: Tau? = 0.00; Chiz = 0.0, df = 2 (P = 0.97); I = 0%
Test for overall effect: Z = 1.64 (P =0.10)

Total (95% CI) 780 767 100.0% 0.70[0.29, 1.71]
Total events 8 12

Heterogeneity: Tau? = 0.00; Chiz = 2.28, df = 4 (P = 0.68); I = 0% ot o: p T 1=0 00
Test for overall effect: Z =0.77 (P = 0.44) ’ Favors éx(ramedullary Favors intramedullary
Test for subaroup differences: Chi? =2.12, df = 1 (P = 0.15). I* = 52.9%

Figure 9: Forest plots of peri-implant fractures after extramedullary versus intramedullary fixation of
AO 31-A2 fractures

Extr dullary | dullary Risk Ratio Risk Ratio
Study or Subgrou, Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl|
1.10.1 RCTs
Ovesen et al. (2006) 2 52 3 44 1.0% 0.56 [0.10, 3.23] 2006 —
Zehir et al. (2015) 3 102 0 9% 04% 6.59[0.34, 125.97] 2015 4
Parker et al. (2017) 4 364 1 353 0.6% 3.88[0.44, 34.54] 2017 e —
Andalib et al. (2020) 3 55 2 38 1.0% 1.04 [0.18, 5.91] 2020 I
Subtotal (95% CI) 573 531 3.0% 1.41[0.50, 3.97] —i—
Total events 12 6

Heterogeneity: Tau? = 0.05; Chi2 = 3.15, df = 3 (P = 0.37); P=5%
Test for overall effect: Z = 0.65 (P = 0.52)

1.10.2 Observational studies

Knobe et al. (2009) 1 57 1 34 04% 0.60 [0.04, 9.23] 2009

Knobe et al. (2012) 1 54 0 54 03% 3.00[0.12,72.05] 2012

Page et al. (2016) 3 267 0 103 0.4% 2.72[0.14, 52.14] 2016

Butt etal. (2017) 1 50 0 29  03% 1.76[0.07, 41.96] 2017

Duymus et al. (2019) 13 59 4 32 29% 1.76 [0.63, 4.96] 2019 I
Gronhaug et al. (2022) 172 4139 96 2975 51.1% 1.29 [1.01, 1.85] 2022

Pyrhonen et al. (2022) il 3187 180 7026 41.7% 0.87 [0.66, 1.14] 2022 -
Subtotal (95% CI) 7813 10253 97.0% 1.10 [0.90, 1.34] *»

Total events 262 281

Heterogeneity: Tau? = 0.00; Chi? = 6.28, df = 6 (P = 0.39); = 5%
Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI) 8386 10784 100.0% 1.11[0.93, 1.32] .
Total events 274 287
ity: Tau? = 0.00; Chi? = = = 2 = 0% [ - + |
;Ief;ogeneltyl.l T:u ; Z0?01 1C‘;1I . _96512‘;de 10 (P =0.48); I? = 0% 0.01 Y] 10 100
estioroverall el e? i Z=1.16( e ) Favors extramedullary Favors intramedullary
Test for subaroup differences: Chi? = 0.21, df = 1 (P = 0.65). P =0%

Figure 10: Forest plots of conversion to prosthesis after extramedullary versus intramedullary fixation
of AO 31-A2 fractures
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Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.11.1 RCTs
Xu etal. (2010) 1 55 2 51 7.3% 0.46 [0.04, 4.96] 2010
Akiselis et al. (2014) 3 35 0 36 4.9% 7.19[0.39, 134.39] 2014 >
Andalib et al. (2020) 8 55 2 38 159% 2.76 [0.62, 12.30] 2020 1T
Subtotal (95% CI) 145 125 28.0% 2.05[0.55, 7.66] <’
Total events 12 4

Heterogeneity: Tau? = 0.24; Chi* = 2.38, df = 2 (P = 0.30); I = 16%
Test for overall effect: Z = 1.07 (P = 0.29)

1.11.2 Observational studies

Knobe et al. (2009) 13 82 7 53 33.6% 1.20 [0.51,2.81] 2009 —

Suh et al. (2015) 0 50 0 50 Not estimable 2015

Duymus et al. (2019) 10 59 1 32 97% 5.42[0.73, 40.48] 2019 T
Muller et al. (2020) 17 175 5 200 28.7% 3.89[1.46,10.31] 2020 —_
Subtotal (95% CI) 366 335 T2.0% 2.46 [0.94, 6.46] i

Total events 40 13

Heterogeneity: Tau? = 0.37; Chi* = 4.15, df = 2 (P = 0.13); I* = 52%
Test for overall effect: Z = 1.84 (P = 0.07)

Total (95% Cl) 511 460 100.0% 2.26 [1.16, 4.44] -
Total events 52 17
ity 2= - Chiz = = = : 12 = 23% ; t + J
?eu:;ogeneltyl.‘ T;u 2162 C;u - 6.053,2df 5 (P =0.26); I?=23% 001 o1 10 100
est for overall effect: Z = 2.38 -02) Favors extramedullary Favors intramedullary
Test for subaroup differences: Chi? = 0.05. df = 1 (P = 0.82). I?= 0%

Figure 11: Forest plot of implant/fixation failure after extramedullary versus intramedullary fixation
of AO 31-A2 fractures

dullary v Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.12.1 RCTs
Barton et al. (2010) 24 110 32 100 13.4% 0.68 [0.43, 1.07] 2010 e
Xu et al. (2010) 3 55 2 51 1.3% 1.39[0.24,7.99] 2010
Zehir et al. (2015) 26 102 23 96 12.2% 1.06 [0.65, 1.73] 2015 N
Subtotal (95% CI) 267 247 27.0% 0.85 [0.61, 1.19] i
Total events 53 57
Heterogeneity: Tau? = 0.00; Chi?=2.03, df =2 (P = 0.36); P =1%
Test for overall effect: Z = 0.93 (P =0.35)
1.12.2 Observational studies
Knobe et al. (2009) 18 82 14 53 89% 0.83[0.45, 1.52] 2009 I
Knobe et al. (2012) 19 54 15 54 10.0% 1.27[0.72, 2.22] 2012 I
Tucker et al. (2018) 603 2526 98 545 28.9% 1.33[1.10, 1.61] 2018 —=
Muller et al. (2020) 7 178 85 200 253% 0.95[0.75, 1.21] 2020 — .
Subtotal (95% CI) 2837 852 73.0% 1.11 [0.88, 1.40] -
Total events 7M1 212
Heterogeneity: Tau? = 0.02; Chi? =5.79, df = 3 (P = 0.12); I = 48%
Test for overall effect: Z =0.91 (P =0.36)
Total (95% CI) 3104 1099 100.0% 1.04 [0.85, 1.28]
Total events 764 269
Heterogeneity: Tau? = 0.03; Chiz = 10.54, df = 6 (P = 0.10); 12 = 43% 02 05 1 : r

Test for overall effect: Z = 0.36 (P =0.72)

Favors extramedullal Favors intramedulla
Test for subaroup differences: Chi* = 1.66. df = 1 (P = 0.20). I* = 39.9% v v

Figure 12: Forest plot of mortality at minimum one-year follow-up after extramedullary versus intra-

medullary fixation of AO 31-A2 fractures
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Chapter 5

Surgical outcomes and operation characteristics

Mean time to bone healing (weeks)

Mean time to radiological bone healing was reported in five studies; four RCTs (34,
37, 41, 42) and one observational study (Figure 13) (46), with 271 patients treated
with EM devices and 238 patients with IM devices. Mean time to bone healing was
19.6 weeks for EM devices and 17.8 weeks for IM devices. Bone healing time was
significantly longer in EM fixation (MD 2.19 weeks, 95% CI 0.56 to 3.83, p=0.009,
F=89%).

Poor radiological quality of reduction

Poor radiological quality of reduction using the classification by was reported in three
studies; one RCT (41) and two observational studies (OR3, Figure S8) (46, 48). Poor
quality of reduction was reported in 23 out of 255 (9.0%) patients treated with an EM
device and in 7 out of 253 (2.8%) patients treated with an IM. Tao et al. (41) reported
zero cases. There was no significant difference between fixation groups (RR 2.52, 95%

CI 0.71 to 8.93, p=0.15, ’=56%).

Operation time (min)

Operation time was reported in nine studies; Six RCTs (32, 34, 36, 37, 41, 42) and
four observational studies (Figure 14) (27, 46-48), with 672 patients treated with EM
devices and 632 patients treated with IM devices. The mean surgery duration was 71
min for EM fixation and 58 min for IM fixation. Operation time was significantly
longer for EM fixation (MD 11.63 min, 95% CI 2.63 to 20.62, p=0.01, P=97%).

Hospital stay (days)

Hospital stay was reported in seven studies; three RCTs (36, 41, 42) and five observa-
tional studies (OR3, Figure §9) (27, 46-49), with 748 patients treated with EM devices
and 549 patients treated with IM devices. The mean hospital stay was 11 days in EM
fixation and 12 days in IM fixation. There was no significant difference between fixa-

tion groups (MD 0.63, 95% CI -0.36 to 1.62, p=0.21, =68%).

Blood loss and transfusion

The mean blood loss was 312 mL for EM fixation and 150 mL for IM fixation (34, 36,
37, 41, 42). Blood loss was significantly higher in EM fixation (MD 134.5 mL, 95%
CI 51.00 to 217.95, p<0.001, F=98%, OR3, Figure $10). There was no significant
difference in transfusion rate (26, 36) (27, 47) (RR 1.09, 95% CI 0.68 to 1.74, p=0.72,
F=87%, OR4 Figure S11) or number of number of blood replacement units (27, 46-
48) (MD 0.23 units, 95% CI -0.89 to 1.35, p=0.69, P=97%, OR4, Figure S12).
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Fluoroscopy time (sec)

Fluoroscopy time was reported in five studies; three RCTs (36, 37, 41) and two obser-
vational study (OR3, Figure S13) (27, 47), with 314 patients treated with EM fixation
and 275 patients treated with IM fixation. The mean fluoroscopy time was 122 sec for
EM fixation and 166 sec for IM fixation. There was no significant difference between
fixation groups (MD -47.32 sec, 95% CI -142.63 to 47.99, p=0.33, '=99%).

Tip apex distance (TAD) (mm) and TAD>25mm

The mean TAD was 23 mm in EM fixation and 21 mm in IM fixation (OR3, Figure
S14) (29, 33, 37, 47, 48). There was no significant difference between fixation groups
(MD 1.19 mm, 95% CI -1.06 to 3.45, p=0.30, ’=77%). Increased TAD>25mm was
reported in two studies (OR4, Figure S15), with 60 cases out of 285 (21.1%) patients
treated with an EM device and in 37 cases out of 300 (12.3%) patients treated with an
IM device (26, 48). The rate of TAD larger than 25 mm was significantly lower in the
IM group (RR 1.73, 95% CI 1.10 to 2.74, p=0.02, ’=18%).

Femoral neck shortening (mm)

Femoral neck shortening was reported in two studies; one RCT (28) and one observa-
tional study (OR3, Figure S16) (47), with 134 patients in the EM fixation group and
141 patients in the IM fixation group. The mean shortening distance was 8.0 mm for
EM fixation and 3.1 mm for IM fixation. There was no significant difference between

fixation groups (MD 4.00 mm, 95% CI -3.84 to 11.84, p=0.32, ’=96%).

Neck shaft angle (NSA) (°)

NSA was reported in two observational studies (OR3, Figure S17) (42, 46, 47). The
extramedullary fixation group consisted of 129 patients with a mean of 129.9° and the
intramedullary fixation group consisted of 106 patients with a mean of 123.7°. There
was no difference between fixation groups (MD 4.67, 95% CI -2.58 to 11.92, p=0.21,
F=90%).

Costs

Costs and cost-effectiveness
No comparable data on costs or cost-effectiveness could be extracted from any of the
included articles.

An overview of all surgical outcomes can be found in Table 4.
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E:

1.13.1 RCTs

Tao etal. (2013) 231
Zehir et al. (2015) 19.06
Saleem et al. (2020) 16.85
Garg et al. (2022) 15.74

Subtotal (95% Cl)

y
SD _Total Mean

43
8.83
2.18
1.36

21
102 20.
54 13
35
212

222

14.2

36
26 7.64
67 1.72
1.36

21
96
54
35
206

y
Study or Subgroup _ Mean SD Total Weight

16.2%
16.7%
23.6%
23.9%
80.3%

Heterogeneity: Tau® = 1.69; Chi* = 20.03, df = 3 (P = 0.0002); I* = 85%
Test for overall effect: Z = 1.88 (P = 0.06)

1.13.2 Observational studies

Duymus et al. (2019) 23.92
Subtotal (95% Cl)

Heterogeneity: Not applicable

517

59 18.
59

Test for overall effect: Z = 6.70 (P < 0.00001)

Total (95% CI)

27

18 3

32
32

19.7%
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Figure 13: Forest plot of mean time to bone healing (weeks) after extramedullary versus intramedul-
lary fixation of AO 31-A2 fractures
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Figure 14: Forest plot of surgery duration (min) in extramedullary versus intramedullary fixation of

AO 31-A2 fractures

Standard deviations for Knobe ez a/. (2009) (27) were imputed.
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Chapter 5

Discussion

This systematic review and meta-analysis compared functional outcomes, complica-
tions, and surgical outcomes for EM versus IM fixation in elderly patients with an AO
type 31-A2 fracture. Statistically superior results in favor of IM fixation were found for
several outcomes including: Harris Hip Score, Parker mobility score, lower extremity
measure, time to full-weight bearing, superficial infection, nonunion, fixation failure,
leg shortening, time to bone-healing, and surgery duration.

The most recent Cochrane review, by Lewis et a/. (53), on RCTs and ‘RCT-like’ cohort
studies published up to July 2020 compared EM and IM fixation for a combination
of AO Al, A2, and A3 fractures. In correspondence with the current review it found
an increased risk of several complications including nonunion and implant failure in
patients treated with an EM device. However, it found no difference in functional
outcomes and found that IM devices were associated with an increased intra- and post-
operative peri-implant fracture and shorter HLOS. Differences found in comparison
with this meta-analysis can be partly explained by its combination of Al, A2, and A3
fractures and inclusion of older studies (before 2005) with a relatively higher rate of
complications. The Cochrane review only performed a stratified analysis for stable
versus unstable fractures for reoperation (no significant difference) and did not assess
surgical outcomes and operation characteristics.

Another recent meta-analysis by Wessels ez al. (54) comparing IM nailing with sliding
hip screws (SHS) for all combined AO 31-A fractures reported no significant dif-
ferences between both fixation options for the 31-A2 subgroup in combined major
complication rate, infections (superficial and deep infections combined), nonunion,
and mortality. Wessels ez 2/. included several articles also included in this analysis, but
chose to combine major complications, while the current study explores a wider range
of adverse events, biomechanical outcomes, and patient reported outcomes. Contrary
to the current study, they did not find a significant difference for nonunion rate. This
review includes nonunion rate from two more recent RCT’s not included by Wessels
et al., shifting the effect towards IM fixation. A meta-analysis of RCT’s published by
Zhu et al. (2017) (55), compared IM nails with SHS for AO 31-A2 fractures. They
also showed statistical superiority of IM nails for intraoperative blood loss, leg shorten-
ing, superficial infections, length of hospital stay, days to mobilization and the Parker
mobility score. These results are similar to those found in this meta-analysis.

Results found by older reviews and meta-analyses, demonstrating inferiority of IM fixa-

tion based on older studies, featuring mainly first and second generation IM implants,
should be considered obsolete nowadays (16, 56). A change in paradigm that was
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already predicted by Bhandari ez 2/ (57). Future meta-analyses should only incorporate
implants that are still clinically used.

Interpretation of results

Several points should be considered when interpreting the differences found between
EM and IM fixation. In contrast to the meta-analysis of several of the major complica-
tions (e.g. to prosthesis, mortality and infections) and their sequelae (e.g reoperation,
conversion to prosthesis), a relative lack of data on functional outcomes in both the
number of (prospective) studies and the number of included patients was observed.
This study showed a significant mean difference of 4.1 points on the Harris Hip Score,
on a scale of 0-100 points, in favor of intramedullary fixation. This number should be
considered in the light of the minimally clinical important difference, which is estab-
lished at 15 points for the HHS (52). While statistically significant, this difference is
not expected to be clinically relevant. Similar arguments could be made for the small
differences found in the Parker mobility score (MD -0.67, on 0-9 scale) and LEM (MD
-4.07 on 0-100 scale), although no minimal important change/difference values have
been published for these measures. The difference to full-weight bearing (MD 1.04
weeks in favor of IM fixation) could in theory be clinically relevant. However, this
outcome was reported in only two studies which used radiological union as a starting
point for full weight bearing, making this outcome similar to the outcome radiological
union mentioned in other studies (favoring IM fixation). Relevant would be a differ-
ence in patient-reported time to full weight bearing without restrictions given by the
treating surgeon that exceeds the MICD.

With regards to complications and operation characteristics several considerations
should be taken into account. Most fracture- and implant related complications are
rare and occur at rates under 5% or even 2%. In the two complications with the largest
number of included patients, reoperation, and conversion to prosthesis, no significant
differences were found. Although reoperation or conversion can be expected to be a re-
sult of other complications such as nonunion, infection, or fixation failure, statistically
significant differences were found for these three complications. These effects might be
exaggerated due to several (randomized) studies with 0 cases in both study arms, that
could not be included in a pooled effect measure. The mean follow-up was 12 months,
however the rate of biomechanical complications increases with a longer follow-up
time. Therefore, comparing studies with varying follow-up durations, might have influ-
enced the meta-analysis. Nearly all operation characteristics or surgical outcomes suffer
from very high heterogeneity and variables such as surgery time or measurement of
blood loss are often poorly defined by studies. In combination with their relatively low
patient numbers and the possible influence of retrospective data these results should be
interpreted with care.

139

Chapter 5



Chapter 5

While this review demonstrates that IM fixation for AO 31-A2 trochanteric fractures
is no longer inferior to EM fixation, superiority remains questionable as many differ-
ences are below clinically relevant thresholds, hold low quality of evidence or analyses
are underpowered to adequately compare functional outcomes or rare complications.
Where clear superiority is missing, costs-effectiveness should also be considered when
selecting an EM or IM fixation approach. Currently, EM fixation is considered the
most cost-effective approach by the few studies that were conducted on this topic (15,
26). This conclusion is also emphasized by the Dutch and U.K. guidelines for treat-
ment of proximal femoral fractures (13, 14). This is mainly due to the generally higher
IM device cost. However, extensive cost-effectiveness analyses, including broad health
care and rehabilitation costs, quality of life, and functional outcomes do not exist at
the time of writing. Such an analysis would provide critical data for updating current
guidelines. Because of the shifting trend of effectiveness towards IM fixation, due to
newer implants and operative strategies, these conclusions may have become outdated.
Therefore, this study reaffirms the need for properly powered, large scale comparisons
of both fixation strategies, including costs and costs-effectivity. Additionally, due to the
relative rarity of major complications and relative lack of functional or patient reported
data, future research should primarily focus on functional outcomes and quality of life,
instead of primarily focusing on number of complications.

Limitations

This is the most extensive systematic review and meta-analysis that is restricted to the
treatment of only AO 31-A2 proximal femoral fractures, including both observational
and RCT data on currently available implants, to date. It includes a substantially larger
population than all previous meta-analyses. However, the meta-analysis does have
several limitations: There was high heterogeneity for many analyzed variables due to
differences in studied implants, study designs, international differences and duration
of studies. In addition to this, many studies can be considered underpowered for often
rare outcomes. Large (observational) studies can strongly impact the overall effect. This,
together with a high heterogeneity could have resulted in missing or overstated differ-
ences between IM and EM fixation. Multiple functional scores and pain measurements
were used by the included studies and SDs were often not reported. This made calcula-
tion of pooled effects impossible for several functional outcome scores. In addition, not
all studies reporting functional scores also included baseline scores, making it difficult
to observe potential selection bias. There are sparse data on many of the included vari-
ables, as many studies included all three of the subtypes of trochanteric fractures and
were only adequately powered for the complete population. While the AO type A2
fracture subgroups could be extracted and included in the meta-analysis, this could
result in a lower generalizability and lower quality of evidence for these limited results.
Lastly, data for all specific outcomes was included as described by the original articles.
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Most studies did not provide extensive definitions or definitions of outcomes differed
slightly between studies. While articles were reviewed extensively and only comparable
data was included, this might have introduced bias, especially in the case of retrospec-
tive data.

Conclusion

This review and meta-analysis showed that several functional outcomes, complications
and surgical outcomes were in favor of intramedullary fixation when compared with
extramedullary fixation of AO type 31-A2 fractures. Results indicate significantly
higher Harris Hip Score, Parker mobility score, lower extremity measure and recovery
to preoperative walking ability. No difference was found in reoperation rate or con-
version to prosthesis but studies show a decrease in superficial infections, nonunion,
fixation failure, leg shortening, surgery duration, operative blood loss and increased
tip-apex distance, all in favor of intramedullary fixation. Previous meta-analyses de-
scribing inferiority of IM fixation in AO type 31-A2 fractures should now be consid-
ered obsolete. However, a true superiority of IM fixation for AO type 31-A2 fractures
remains questionable as several differences in functional outcomes appear not clini-
cally relevant, data on many outcomes remains sparse or heterogeneous, and a detailed
cost(-effectiveness) evaluation of modern IM nails is missing in the literature. As major
complications are rare and there is a relative lack of functional-, patient reported-, and
cost data, future research should primarily focus on functional outcomes, quality of life
and costs-effectiveness, instead of primarily focusing on the number of complications.
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Appendix 1: Devices used in AO type 31-A2 fracture fixation

Table S1: Extramedullary and intramedullary devices used per study (as described in article)

Study

Extramedullary device

Intramedullary device

Aktselis et al. (2014) (31)
Andalib ez 4. (2020) (32)

Andruszkow ez al. (2012) (42)
Barton ez al. (2010) (25)
Butt et al. (2017) (43)

Crespo et al. (2012) (44)
Duymus et al. (2019) (45)
Garg er al. (2022) (41)
Gronhaug et al. (2022) (52)
Knobe ez /. (2009) (26)
Knobe ez al. (2012) (46)
Miiller et al. (2020) (47)
Ovesen et al. (2006) (37)

Page ez al. (2016) (48)
Pajarinen et al. (2005) (38)
Parker ez al. (2017) (39)
Pyrhonen ez 4. (2022) (51)
Reindl ez al. (2015) (27)
Saleem et al. (2020) (33)
Seving et al. (2020) (28)
Singh et al. (2017) (34)
Suh ez al. (2015) (49)

Tao et al. (2013) (40)
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AMBI sliding hip screw’ (SHS)

Dynamic hip screw (DHS) or dynamic
condylar screw (DCS)

Dynamic hip screw’ (DHS)
Sliding hip screw (SHS)'

Dynamic hip screw (DHS) with or with-

out locking plate’

Percutaneus compression plate* (PCCP)
Dynamic hip screw’ (DHS) or Proximal
femoral locking compression plate (PF-

LCPy’

Dynamic hip screw’ (DHS)

SHS with or without a trochanteric sup-

port plate (TSP)’

Percutaneus compression plate’ (PCCP) or

Dynamic hip screw’ (DHS)

Percutaneus compression plate* (PCCP)

Dynamic hip screw’ (DHS) with or with-

out trochanteric fixation plate (TFP)

Dynamic hip screw’ (DHS), with or
without stabilizing plate

Dynamic hip screw’ (DHS)
Dynamic hip screw’ (DHS)
Sliding hip screw (SHS)

Sliding hip screw (SHS)

Dynamic hip screw’ (DHS)

Dynamic hip screw’ (DHS)

Dynamic hip screw’ (DHS)

Proximal femoral locking compression
plate (PFLCP)’

Compression hip screw® (CHS)

Reverse less invasive stabilization system

(LISS)?

(Short) Gamma Nail* (GN)
Cephalomedullary nail (CMN)

Gamma 3 nail’> (GN)
Gamma nail (GN)’
Intramedullary nail (IMN)"

Gamma nail® (GN)

Trigen Intertan®

Proximal femoral nail® (PFN)

Intramedullary nail (IMN) short or
long'

Proximal femoral nail’ (PFN)

Proximal femoral nail antirotation’

(PENA)

Proximal femoral nail antirotation’

(PENA)

Trochanteric gamma nail (GN)?, sec-
ond generation

Intramedullary nail” (IMN)
Proximal femoral nail® (PFN)

Targon proximal femoral (TPF) nail”
+ Targon proximal femoral telescrew

(TPFT) nail’

Intramedullary nail” (IMN), short and
long

Trochanteric fixation nail’ (TFN) or
Gamma nail® (GN), or Trigen INTER-
TAN nail'

Proximal femoral nail®> (PEN)

Proximal femoral nail antirotation’

(PFNA)
Proximal femoral nail® (PFN)

Proximal femoral nail antirotation®

(PFNA)

Proximal femoral nail antirotation®

(PFNA)
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Tucker et al. (2018) (50) Sliding hip screws™ (SHS) Cephalomedullary nails"? (CMN)

Verettas et al. (2010) (29) Dynamic hip screw’ (DHS) Gamma nail® (GN) or Endovis BA®
(EBA)

Xu et al. (2010) (35) Dynamic hip screw’ (DHS) Proximal femoral nail antirotation®
(PFNA)

Zehir et al. (2015) (36) Dynamic hip screw’ (DHS) Proximal femoral nail antirotation’
(PENA)

! Smith & Nephew, Memphis, TN, USA 2 Stryker, Schénkirchen, Germany/Mahwha, New Jersey, USA
3 Depuy-Synthes, Westchester, PA,USA/Umkirch, Germany/Oberdorf, Switserland 4Orthofix, Bussolengo,
Italy/Mckinney, TX, USA > Clinical house GmBh, Bochum, Germany ° Citieffe, Bolongna, Italy 7 B. Braun,

Tuttlingen, Germany8 Corentec, Seoul, Korea * AO, Dubendorf, Switserland ~Device manufacturer not
mentioned in article
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Appendix 2: Funnel plots for included outcomes

Supplemental Figure S1: Funnel plots for included outcomes after extramedullary versus intramedul-
lary fixation of AO 31-A2 fractures
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M: Leg shortening N: Screw Migration
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Y: Tip apex distance
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Appendix 3: Additional tables and figures.

Table S2: Outcomes measured reported in the included studies
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[£¥] (2102) 77 12 3qouy]
(£2] (6007) 77 #2 2qouy|
[07] (220T) 77 22 Snequors
[¢¥] (zToT) 77 12 Sren
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[€7] (Z102) 77 #2 moryzsnipuy
[¢€] (020T) 77 #2 quepuy
[2€] B10T) 77 22 S{pPSHIY

am3y Surpuodsario)

Outcome

Harris Hip score

Parker mobility score

S2

N.A.

Lower extremity measure

Pain scores

N.A.

Other functional scores and QoL

Recovery to pre-operative walking ability

Time to full weight bearing

Reoperation

Deep infection

Superficial infection

Nonunion

Cut-out

Peri-implant fracture

10
11

N.A.

Conversion to prosthesis

Implant/fixation failure

Heterotopic ossification

S5

Leg shortening
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Table S2: Outcomes measured reported in the included studies (continued)
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Outcome

S6
S7
12
13
S8

Screw migration

Femur shaft fracture

Mortality

Mean time to bone healing

Radiologic quality of reduction

14
S9

Surgery duration

Hospital stay
Blood loss

S10
S11
S12
S13
S14
S15
S16
S17

Blood transfusion (patients)

Blood transfusion (units per patient)

Fluoroscopy time

TAD

TAD>25mm

Femoral neck shortening

NSA

+, reported in article; -, not reported in article; TAD, Tip-Apex Distance; mm, millimeter; NSA, Neck-shaft angle; AMS, Abductor Muscle Strength; N.A., Not

available; QoL, Quality of life.
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Table S3: Quality assessment of the included RCT’s using the Cochrane RoB 2 tool
Study D1 D2 D3 D4 D5 Overall
Aktselis ez al. (2014) [32]
Andalib ez al. (2020) [33]
Barton ez al. (2010) [26]
Garg et al. (2022) [42]
Opvesen et al. (2006) [38]
Pajarinen et al. (2005) [39]
Parker et al. (2017) [40]
Reindl ez al. (2015) [28]
Saleem et al. (2020) [34]
Singh et al. (2017) [35]
Tao et al. (2013) [41]
Verettas et l. (2010) [30]
Xu et al. (2010) [36]
Zehir et al. (2015) [37]

+ Low risk of bias; - Some concerns of bias; x High risk of bias
Domains: D1, Randomization process; D2, Deviations from intended interventions; D3, Missing outcome
data; D4, Measurement of the outcome; D5, Selection of the reported result

Table S4: Quality assessment of the included observational studies using the MINORS criteria

= o
g =y
st g = & 3
T ¢ 3 & & E
= = = T B8 § 7
c § £ 8 5§ & g ®» = T 4
$ 538 &8 ¢ v o T § 2 %
Es <% 8§ = 2z T £ £ 3§ %
Study 2 £35da < £ S & S O 4 & Tou
Andruszkow et al. (2012) [43] 15
Butt et al. (2017) [44] 13
Crespo ez al. (2012) [45] 15
Duymus ez l. (2019) [46] 17
Gronhaug ez al. (2022) [20] 19
Knobe ez al. (2009) [27] 16
Knobe et al. (2012) [47] 22
Miiller et al. (2020) [48] 18
Page ez al. (2016) [49] 14
Pyrhénen ez al. (2022) [19] 20
Seving et al. (2020) [29] 15
Suh ez al. (2015) [50] 17
Tucker et al. (2018) [51] 18

Total scores range from 0 to 24 points, with lower scores indicating a higher risk of bias.
0, not reported; 1, reported but inadequate; 2, reported and adequate
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Extramedullary Intramedullary Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1151 RCTs
Andalib etal. (2020) 6456 9.4 55 B9.34 849 38 7rA% -478[8.55-1.01] ——
Reindl et al. {2015) 64.4 25 80 66 211 87 222% 160 [-8.65 5.449]
Subtotal (95% CI) 135 125 100.0% -4.07 [-7.39, -0.75] —eli—

Heterogeneity: Tau®=0.00; Chi®= 061, df=1 (P = 0.44); F= 0%
Testfor overall effect 7= 2,40 (F =0.02)

1.15.2 Observational studies

Subtotal (95% CI) 0 0 Not estimable
Heterogeneity. Mot applicable

Test for overall effect Mot applicable

Total (95% CI) 135 125 100.0% -4.07 [-7.39,-0.75] el

Heterogeneity: Tau®=0.00; Chi*= 061, df=1 (P = 0.44); F=0% T t

|
+ t
o ~ -10 -5 3 10
Testfor overall effect Z= 2.40 (P =0.02) Favors intramedullary Favors extramedullary
Testfor subaroup differences: Mot applicable

Figure S2: Forest plot of Lower Extremity Measure after extramedullary versus intramedullary fixa-
tion of AO 31-A2 fractures

IV, inverse variance; RCT, randomized controlled trial; SD, standard deviation

Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events Total Evenis Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.16.1 RCTs
Huetal (2010) 19 43 27 40 31.4% 0.65[0.44, 0.98] - &
Zehir etal. (2015) [T 102 73 95 B8.6% 0.88 [0.73, 1.08] —
Subtotal (95% CI) 145 136 100.0% 0.80 [0.61, 1.05] el
Total events a7 100

Heterogeneity: Tau®= 002, Chi®=1.80, df=1 (P=0.18); F= 44%
Testfor overall effect: Z=1.681 (P=0.11)

1.16.2 Observational studies

Subtotal (95% CI) 1] 1] Not estimable
Total events 1] 1]

Heterogeneity: kot applicahle

Testfor overall efiect: Mot applicable

Total (95% CI) 145 136 100.0% 0.80 [0.61, 1.05] el
Total events ar 100
Heterogeneity: Tau®= 0.02; Chi#=1.80,df=1 (P=0.18), F= 44%
Test for overall effect =161 (P=011)

Testfor subgroup differences: Mot applicable

05 X 18 2
Favors intramedullary Favors extramedullary

Figure S3: Forest plot of recovery to pre-operative walking ability after extramedullary versus intra-
medullary fixation of AO 31-A2 fractures
M-H, Mantel-Haenszel; RCT, randomized controlled trial; SD, standard deviation
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Extramedullary versus intramedullary fixation of unstable trochanteric femoral fractures (AO type 31-A2)

Extramedullary Intramedullary

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
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Heterogeneity: Mot applicable

Test for overall effect Z=12.03 (P = 0.00001)
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Test for overall effect Z=10.34 (P = 0.00001)
Testfor subgroup differences: Chi®= 2.04, df=1 (P=015. F=

51.1%

Favors extramedullary Favors intramedullary

Figure S4: Forest plot of time to full weight bearing (months) after extramedullary versus intramedul-

lary fixation of AO 31-A2 fractures
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Mean Difference

Mean Difference
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Heterogeneity: Tau®=1.26; Chi®= 8.46, df= 3 (P = 0.04); F= 65% t t t +

Testfor overall effect: Z= 3.07 (P=0.002)

Testfor subgroun differences: Chi*= 1.60, df= 1 (P = 0.21), F= 37.4%
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Figure S5: Forest plot of leg shortening (mm) after extramedullary versus intramedullary fixation of

AO 31-A2 fractures
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Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.19.1RCTs
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Total events 7 10

Heterogeneity: TauF=1.50; Chi*= 2.22, df =1 (P = 0.14); F= 55%

Testfor averall effect: 7= 0.0 (P = 0.37)

1.19.2 Observational studies

Knohe etal. (2012} 3 a4 0 54 246% T.O0[0.37,132.359) 2012 -
Subtotal (95% CI) 54 54  246%  7.00[0.37,132.35] —— e ——
Tatal events 3 0

Heterogeneity; Mot applicahle

Testfor overall effect Z=1.30FP=019)

Total (95% CI) 215 182 100.0% 0.76 [0.11, 5.08]

Tatal events 10 10 f
Heterogeneity, Tau®=1.88, Chi*=4.42 df=2{P =011}, F= 55% 'D o1 t 1- 1-0 1DDD'

Testfor overall effect £= 0.29 (P=0.77)

Testfar subgroup differences: Chi*=2.50,df=1 (P = 011}, F= 60.0%

Favors extramedullary Favors intramedullary

Figure S6: Forest plot of screw migration after extramedullary versus intramedullary fixation of AO

31-A2 fractures
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Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup __ Events  Total Events  Total Weight M-H, Random, 95% Cl _Year M.H, Random, 95% CI
1.20.1 RCTs
xuetal (2010) 1} 55 3 51 46.8% 013[0.01,2451] 2010 L i
Zehir et al. (2013) 1 102 1 96 53.2% 0.94 [0.06,14.84] 2015
Subtotal (95% CI} 157 147 100.0% 0.38 [0.05, 2.81] e —
Total events 1 4

Heterogeneity Tau®= 0.00; Chif= 0.84, df= 1 (P = 0.33); F=0%
Testfor overall effect Z=0.95 (P =0.34)

1.20.2 Observational studies

Subtotal (95% CI) 0 0 Not estimable
Total events 0 0

Heterogeneity: Mot applicable

Test for overall effect: Mot applicable

Total (95% CI) 157 147 100.0% 0.38 [0.05, 2.81] —e
Total events 1 4
A o - - == I } | |
?etf;ugerwemf”T;u ;ZDPEI,E%NPZDUQ;A df=1{P=033,F=0% 'D o1 0-1 m 100
estor overall effect Z=0.95 (7 = 0.34) Favors exramedullary Favors intramedullary

Testfor subaroup differences: Mot applicable
Figure S7: Forest plot of femoral shaft fractures after extramedullary versus intramedullary fixation
of AO 31-A2 fractures

Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events  Total Weight M-H, Random, 95% Cl Year M.-H, Random, 95% CI
1.21.1RCTs
Taoetal (2013) 0 1 0 21 Mot estimahle 2013
Subtotal (95% CI} 21 21 Not estimable
Total events 0 0

Heterogeneity: Mot applicahle
Testfor overall effect Not applicable

1.21.2 Observational studies

Duymus etal. (2019 7 a9 3 37 48.2% 1.27[0.35, 4.56] 20149 -

Muller et al. (2020 16 175 4 200 53.8% 457 [1.56,13.42] 2020 —a—

Subtotal (95% CI) 234 232 100.0% 2.52 [0.71, 8.93] —ri——

Total events 23 7

Heterogeneity TauF= 0.47; Chif= 228, df= 1 (P = 0.13); F= 56%

Testfor overall effect Z=1.44 (P=0.15)

Total {(95% CI) 255 253 100.0% 2.52 [0.71, 8.93] —ri——

Total events 23 7

Heterogeneity TauF= 0.47; Chif= 228, df= 1 (P = 0.13); F= 56% b o T o0
Testfor averall effect Z=1.44 (P =0.15) Favors extramedullary Favors intramedullary

Testfor subdroup differences: Not applicable
Figure S8: Forest plot of poor quality of reduction after extramedullary versus intramedullary fixation
of AO 31-A2 fractures
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Extramedullary versus intramedullary fixation of unstable trochanteric femoral fractures (AO type 31-A2)

Extramedullary Intramedullary

Mean Difference

Mean Difference
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1.22.2 Observational studies
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Favors extramedullary  Favors intramedullary

Figure S9: Forest plot of hospital stay (days) after extramedullary versus intramedullary fixation of

AO 31-A2 fractures

Standard deviations for Knobe ez a/. (2009) [27] were imputed.
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Heterogeneity: Mot applicable

Testfor overall effect Mot applicable
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Heterogeneity, Tau®= 85625.02, Chi®= 176,02, df= 4 (P < 0.00001); F= 98% 2h0 1o 10 200

Testfor overall effect: Z= 316 (P =0.002)
Testfor subaroun differences: Mot applicahble

Figure S10: Forest plot of blood loss (mL) in

31-A2 fractures

Favors extramedullary Favors intramedullary

extramedullary versus intramedullary fixation of AO
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Extramedullary  Intramedullary Risk Ratio Risk Ratio
Study or Subgroup __ Events  Total Events  Total Weight M-H, Random, 95% Cl _Year M.H, Random, 95% CI
1.24.1 RCTs
xuetal (2010) 64 110 a0 100 26.3% 0.898[0.75,1.29] 2010 —
Barton etal. (2010) 48 55 19 81 245% 234 [1.62,3.39 2010 —
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Testfor overall effect Z=1.82 (P =0.07)
Total (95% CI) 301 258 100.0% 1.09 [0.68, 1.74]
Total events 162 129
Heterogeneity: Tau®=0.20; Chi*= 2312, df= 3 (P = 0.0001); F= 87% D=2 DIS 7 i t

Testfor overall effect Z= 036 (P =0.72)
Testfor subaroup differences: Chi®= 200, df=1 (F=0.16), = 50.3%

Favors exramedullary Favors intramedullary

Figure S11: Forest plot of patients receiving blood transfusion after extramedullary versus intramed-

ullary fixation of AO 31-A2 fractures
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1.251 RCTs

Subtotal {(95% CI) 0 0 Not estimable

Heterageneity: Mot applicable

Testfor overall effect: Mot applicable

1.25.2 Observational studies
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Heterogeneity: Tau®= 1.25, Chi*= 84 85, df= 3 (P = 0.00001); F=97%
Testfor owverall effect: Z= 0.40 (P = 0.64)

Total {95% CI) 370 339 100.0%  0.23 [0.89, 1.35]
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Testfor overall effect: Z=0.40 (P = 0.69)

Testfor subgroup differences: Mot applicable
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Figure S12: Forest plot of blood replacement units after extramedullary versus intramedullary fixa-

tion of AO 31-A2 fractures
Standard deviations for Knobe ez a/. [27] were imputed.
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Extramedullary versus intramedullary fixation of unstable trochanteric femoral fractures (AO type 31-A2)

Extramedullary Intramedullary

Mean Difference

Mean Difference
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1.26.1 RCTs
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Subtotal {95% CI) 168 60.3% -15.78 [-133.95,102.40] ——ee———
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- . - _ 2 , + I +
Heterogeneity: Tau®=11551.39; Chi*= 503.14, df= 4 (P = 0.00001); F = 99% = o T i

Testfor overall effect 7= 0.97 (F=0.33)
Testfor subaroup differences: Chi*=1.25, df=1 (P = 0.26), F= 200%
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Figure S13: Forest plot of fluoroscopy time (sec) in extramedullary versus intramedullary fixation of

AO 31-A2 fractures

Standard deviations for Knobe ez a/. (2009) [27] were imputed.
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

1.271 RCTs
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Heterogeneity: Tau®=0.00; Chi*=1.68,df=2 (P=0.43); F= 0%

Testfor overall effect: £= 4.28 (F < 0.0001)
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Heterogeneity: Tau®= 4.44; Chi*= 17.32, df = 4 (P = 0.002); F= 7% " 5 1 ¥
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Testfor subgroup diferences: Ch®=6.05, df=1 (P =0.01), F=83.5%

Figure S14: Forest plot of TAD after extramedullary versus intramedullary fixation of AO 31-A2 frac-

tures

Standard deviations for Sevinc ez al. (2009) [29] were imputed.
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Extramedullary  Intramedullary
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Heterogeneity: Bot applicable
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Heterogeneity: Tau®= 0.03; Chi*=1.22 df=1(P=0.27), F=18%

Test for overall effect: 7=2.36 (P =0.02)

Test for subgroup differences: Chi*=1.21,df=1 (P = 0.27), F=17.6%

Figure S15: Forest plot of TAD > 25mm after extramedullary versus intramedullary fixation of AO

31-A2 fractures
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Testfor overall effect Z=7.40 (P = 0.00001)
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Testfor overall effect Z=1.00 (F = 0.32)

Testfor subgroup differences: Chi®= 27 .86, df= 1 (P < 0.00001), "= 96.4%
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Figure S16: Forest plot of femoral neck shortening (mm) after extramedullary versus intramedullary

fixation of AO 31-A2 fractures
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Mean Difference
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

1.30.1 RCTs
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Heterogeneity: Not applicable

Testfor overall effect Z=1 45 (P = 0.15)

1.30.2 Observational studies
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Testfor overall effect Z=1.26 (F = 0.21)

Testfor subaroup diferences: Chif=18.67, df=1 (P = 0.0001), F= 94.6%

Figure S17: Forest plot of neck shaft angle (NSA) (degrees) after extramedullary versus intramedul-

lary fixation of AO 31-A2 fractures
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Chapter 6

Abstract

Purpose

The use of intramedullary fixation of AO type 31-Al fractures is rising, despite evidence
of non-superiority when compared with extramedullary fixation. The aim of this study
was to evaluate mobility and living status for extramedullary fixation (EMF) versus
intramedullary fixation (IMF) in Dutch hospitals during the initial hospital stay and
until three-months after trauma.

Methods

Data on patient characteristics, mobility, living status, complications, reoperation, and
mortality were extracted from the Dutch Hip Fracture Audit Indicator Taskforce. Data
were collected for patients (>65 years) at baseline, at discharge, and at three-months
follow-up. Univariate analysis was used for comparing the EMF versus IMF group.

Results

A total of 836 patients were included; 138 (16%) were treated with EMF and 698
(84%) with IME No significant differences were found between groups for the overall
complication rate during the initial hospital stay (EMF: n=55 (40%) versus IMF:
n=270 (39%)). Patients treated with EMF showed better mobility at discharge (mo-
bility with frame/2 supports or better, EMF 77% versus IMF 50%), but otherwise
no significant difference was found after a three-month follow-up (EMF 80% versus
IMF 82%), suggesting faster improved mobility for IME. However, matched subgroup
analysis showed no meaningful differences in rates of deteriorated mobility or living
status after three months.

Conclusion

This study showed no meaningful differences between EMF and IMF of type 31-Al
trochanteric fractures during hospital stay and until three-month follow-up. Despite
litle differences in outcome and EMF being the treatment option of first choice by the
Dutch Hip fracture guideline, IMF is used in the vast majority of patients.
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Mobility and living status at discharge and after three-months for extramedullary versus intramedullary fixation
of AO type 31-Al trochanteric fractures; an analysis of Dutch Hip Fracture Audit data

Introduction

A hip fracture is one of the leading causes of mortality and disability in the elderly
population worldwide (1, 2). Current global incidence rate was estimated at 182.5 per
100,000 person-years, and these numbers are projected to increase even further in the
upcoming decades (3). Trochanteric fractures constitute roughly 40-50% of the total
number of hip fractures (3, 4). They were subdivided by the Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) 2018 classification (5) into three main subcategories: 31-Al
simple (stable) pertrochanteric fractures; 31-A2 multi-fragmentary pertrochanteric,
lateral wall incompetent (<20.5mm) fractures; and 31-A3 intertrochanteric (reverse
obliquity) fractures. These fractures are usually fixated using either an extramedullary
technique (i.e., a type of sliding hip screw) or an intramedullary technique (i.c., a type
of intramedullary nail). The ideal fixation technique varies per type of fracture. While
the American Academy of Orthopaedic Surgeons advises the usage of both intramed-
ullary and extramedullary devices for Al trochanteric fractures, several international
guidelines advise extramedullary fixation for Al fractures and consider both extra- and
intramedullary fixation as a viable option in A2 fractures (6-8).

Despite these guidelines, the use of intramedullary fixation in all fracture types, and
specifically Al fractures, has risen in the past decades (9-12). Recent studies show in-
creasing effectiveness of intramedullary devices but superiority in Al fractures remains
questionable (13-15). Factors that are attributed to their increased usage are surgeons’
training, treatment volume of hospitals, and geographical differences, and the change
does not seem to correlate with only patient-specific differences (11, 16). The Dutch
hip fracture guideline also advises extramedullary fixation for the stable Al subgroup
due to lack of superiority for either treatment approach and lower implant costs for
extramedullary devices (7). Despite this, but in line with previously mentioned interna-
tional changes, a large majority of patients is treated using intramedullary devices (17).
Due to the evolution of implants or improved operation techniques, and decreased
usage of extramedullary devices, the results of intramedullary fixation may have im-
proved further. The question is whether this trend of increasing intramedullary nailing
has persisted in stable trochanteric fractures and if patient outcomes and complication
rates have remained similar or have surpassed the outcomes of extramedullary devices.

As no recent large-scale outcome comparison for both devices exists for the Dutch pop-
ulation, this study aimed to compare the use of extramedullary versus intramedullary
fixation of stable trochanteric fractures (AO type 31-Al) in older adults and compare
mobility and living status at discharge and three months after trauma.
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Methods

This retrospective cohort study was performed using data from the Dutch Hip Frac-
ture Audit (DHFA) of the period January 1, 2018 to December 31, 2020 (18). These
data are collected annually by the Dutch Institute for Clinical Auditing (DICA) (19).
The DHFA has national coverage, and includes all hip fracture patients, but not all
data, especially data regarding follow-up, is completed to a satisfactory level by the
participating hospitals. Because of this, the DHFA Indicator Taskforce was created:
a group consisting of six mid-to-large-sized Dutch hospitals (see list in acknowledg-
ments) committed to adequate registration of treatment specific- and follow-up data.
To ensure comparison of adequate data with a well completed follow-up this analysis
was restricted to the data provided by the DHFA Indicator Taskforce.

Patients were included if they were > 65 years and were admitted with an acute AO
type 31-Al trochanteric proximal femoral fracture. Data were collected on baseline
characteristics (age, sex, ASA classification, pre-fracture mobility, pre-fracture Parker
mobility score (PMS), pre-fracture Katz-ADL score, and pre-fracture living status), op-
eration characteristics (implant type, time-to-surgery, type of anesthesia), hospital stay,
complications as classified by hospital in DHFA, mobility at discharge, and discharge
location. Additional data was collected after a three-month follow-up (reoperation, liv-
ing status, mobility, Katz-ADL score, and mortality). Primary outcomes were (changes
in) mobility and living status at discharge and at three-months after trauma. Secondary
outcomes were mortality, in-hospital complications, HLOS, Katz-ADL at discharge
and three months, and reoperation rate until three months.

Mobility was classified as either independent, mobility with 1 or 2 supports, mobility
only within own home, or no functional mobility. Living status was classified as: at
home with, or without supportive care, care home, nursing home, or rehabilitation in-
stitution. The latter three were seen as institutionalized and the first two as community-
dwelling. The Katz-ADL score provides an indication of the ability to perform basic
activities of daily life (ADL) (20). A score of zero indicates independent function and
six indicates total dependance in ADL tasks.

Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version
28.0 (SPSS, Chicago, IIl., USA). Normality for continuous data was assessed using the
Shapiro-Wilk test. Missing data were not imputed. The analyses were done stratified
for extramedullary fixation (EMF) versus intramedullary fixation (IMF). To correct for
possible confounders in the main analysis a matched complete case analysis was per-
formed for all three month outcomes. This included only patients with complete base-
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line characteristics and three-month outcomes. Cases (EMF) were matched 1:2 without
replacement with controls (IMF), on age (within 10 years), sex, ASA classification, and
pre-fracture mobility. In addition, a sensitivity analysis comparing EMF and IMF was
performed for the total population, stratified on living status (institutionalized versus
community dwelling).

Continuous data were reported as median with first quartile and third quartile and
categorical data as numbers with percentages. Univariate comparison between groups
in the unmatched analysis was performed using a Mann-Whitney or & test. For the
matched analysis, the Mantel-Haenszel statistic was used to calculate odds ratios for
outcomes after three months. A 2-sided P-value <0.05 was used as the threshold for

statistical significance.

Results

Out of a total population of 2,717 patients with trochanteric fractures, 913 patients
were treated for a stable trochanteric femoral fracture in the participating hospitals
(Figure 1). Seventy-seven additional patients were excluded as they did not match the
inclusion criteria (age >65). A total of 836 patients were included; 138 (16%) were
treated with EMF and 698 (84%) with IMF (Table 1). These rates were similar during
the three included years. The population had a median age of 84 (P,5-P;5 76-89), and
71% was female. There were no significant differences in age, sex, ASA classification,
PMS, or pre-fracture Katz ADL score between the EMF and IMF group. There was
a significant difference in pre-fracture mobility, with a notably higher proportion of
patients in the EMF group who were mobile with two supports or a frame (EMF 44%
versus IMF 32%, p=0.012). Another statistically significant difference was found for
the pre-operative living status (p=0.038). EMF patients were more likely to live unas-
sisted at home (EMF 56% versus IMF 50%) and less likely to live in a care or nursing
home (EMF 19% versus IMF 23%).
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Total population
N=2,717
(Type A1 n=913; Type A2 n=1,322; Type A3

n=480)
Excluded: n=1,879
Type A2 or A3; n=1,802
Age <65: n=76
Age Unknown: n=1

A 4

Included main analysis: n=836
EMF: n=138 (16%)
IMF: n=698 (84%)

Excluded cases: n=81

l *| Incomplete data: n=79
Included in matched (1:2) sub-analysis: No match: n=2
EMF: n=57
IMF: n=114

Figure 1: Flowchart of included and excluded patients

Operation and hospital stay

The median time to operation was 21 hours (P,5-P;s 14.9-27.6); Table 2). Median
HLOS was similar for both groups (EMF 7 days (5-10) versus IMF 7 days (5-10),
p=0.717). During hospital stay EMF (55 patients, 40%) and (270 patients, 39%) IMF
patients suffered a similar rate of complications (p=0.849). The most common compli-
cations in both groups were anemia (19% versus 21%), delirium (11% versus 13%),
urinary tract infection (7% versus 6%), and pneumonia (7% versus 5%). There were
no significant differences between groups for all reported complications and in-hospital
mortality.

Despite differences before trauma, discharge location was not significantly different
between groups. When comparing differences in living status pre-trauma and living
status at discharge, no significant difference was found (p=0.186, Supplemental Table
S1) But similar to the pre-trauma situation, a larger proportion of EMF patients mobi-
lized with two supports or a frame at discharge in comparison with IMF patients (EMF
71% versus IMF 46%) and IMF patients had a higher proportion of restricted mobility
within their own homes (EMF 14% versus IMF 28%) or no functional mobilicy (EMF
10% versus IMF 22%). The proportion of patients with no functional mobility or only
functional mobility within their own home increased more at discharge after surgery
for the IMF group (EMF 9% increase versus IMF 28% increase).
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Three-month follow-up

Living status, mobility, and Katz-ADL score at three months were all similar between
groups, despite differences in mobility at discharge (Table 3). In the EMF group, 29
(40.8%) patients were fully independent in ADL (Katz 0) versus 148 (43%) patients in
the IMF group (p=0.793). The total mortality rate was 16% in the EMF group versus
15% in the IMF group (p=0.876). There was no statistically significant difference in
reoperation rate between EMF (6 patients, 7%) and IMF (45 patients, 10%, p=0.433).
When comparing changes (from the pre-trauma situation to three months follow-up)
in mobility, living status, and Katz-ADL score no significant differences between groups
were found (Table 4). 43% of the EMF group and 46% of the IMF group returned to
the previous level of mobility within three months (OR 0.9, 95% CI 0.5-1.5, p=0.612).
Specific changes in living status can be found in the supplemental tables.

In the matched complete-case analysis 57 EMF patients were included and matched
1:2 to 114 IMF patients. After matched comparison, no significant differences were
found in changes in mobility, living status, or Katz-ADL score (Table 4). For EMF
20/43 (46%) patients versus 39/79 (49%) IMF patients had decreased mobility after
three months (OR 1.2, 95%CI 0.6-2.6, p=0.615) and 8/43 (19%) EMF patients versus
12/79 (15%) IMF patients changed from community dwelling to institutionalized
from baseline to three-months follow-up (OR 0.8, 95%CI 0.3-2.1, p=0.649).

A sensitivity analysis stratified on pre-trauma living conditions (community-dwelling
versus institutionalized) found similar results as the main analysis (Supplemental Tables
§3-S5). With no differences between the groups in all three-month outcomes and only
a significant difference between groups for mobility at discharge in favor of EME
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Table 1: Baseline characteristics of patients with a stable trochanter fracture treated with extramedul-

lary or intramedullary fixation

Characteristic EMF IMF
n=138 n=698
n* n* P-value
Age 138 83 (76-89) 698 84 (76-89) 0.648
Female 138 95 (69%) 698 493 (71%) 0.683
Year injury 2018 138 52 (38%) 698 253 (36%) 0.802
2019 44 (32%) 243 (35%)
2020 42 (30%) 202 (29%)
Injured side Right 138 73 (53%) 697 330 (47%) 0.227
ASA lor2 136 51 (38%) 693 247 (36%) 0.696
>3 85 (63%) 446 (64%)
Pre-fracture Independent mobility 131 59 (45%) 660 306 (46%) 0.012
mobility Mobile with 1 support 3 (2%) 30 (5%)
Mobile with 2 supports or frame 58 (44%) 210 (32%)
Mobile with support within own home 8 (6%) 100 (15%)
No functional mobility 3 (2%) 14 (2%)
Pre-fracture Katz 0 134 75 (56%) 670 305 (46%) 0.083
ADL score 1 13 (10%) 61 (9%)
0,
2 17.(13%) 71 (11%)
20
3 3 2%) 48 (7%)
4 %
? (7%) 57 (9%)
6 (5%
° (%) 63 (9%)
11 (89
6 (8%) 65 (10%)
Pre-fracture liv-  Home, no supportive care 123 69 (56%) 683 340 (50%) 0.049

ing status

Home, with supportive care
Care home
Nursing home

Rehabilitation institution

Other

28 (23%)
7 (7%)
15 (12%)
4 (3%)

0 (0%)

148 (22%)
57 (8%)
104 (15%)

7 (1%)

27 (4%)

Data are shown as median (P,5-P7s) or as n (%). n*, number of patients for whom data were available. Bold

values indicate statistical significance. EMF, extramedullary fixation; IMF, intramedullary fixation.
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Table 2: Outcomes for operation and initial hospital stay for extramedullary versus intramedullary

fixation of stable trochanteric fractures

Outcome EMF IMF
n=138 n=698
n* n* P-value
Time to operation Time (hours) 138 22 (17-27) 698 21 (14-28) 0.113
<24 hours 84 (61%) 461 (66%) 0.402
24-48 hours 46 (33%) 193 (28%)
>48 hours 8 (46%) 44 (6%)
Complication rate 138 55 (40%) 697 270 (39%) 0.796
Complication type Anemia 138 26 (19%) 697 143 (21%) 0.717
Cardiac decompensation 138 5(4%) 697 22(3%) 0.752
Delirium 138 15(11%) 697 88 (13%) 0.609
Fall 138 2(2%) 697 3(<1%) 0.150
Infected wound 138 1(1%) 697 1(<1%) 0.197
Kidney failure 138 2(1%) 697 8 (1%) 0.766
Pneumonia 138 9(7%) 697 32(5%) 0.315
Pressure ulcer 138 2(1%) 697 12(2%) 0.837 §
Pulmonary embolism 138 1(1%) 697 1 (<1%) 0.202 ;T
(=
UTI 138 9(7%) 697 41(6%) 0.772
In-hospital mortality 138 6(4%) 698 12(2%) 0.052
HLOS (days) 132 7(5-10) 685 7(5-10) 0.717
Discharge location Home, no supportive care 120 15(13%) 680 53 (8%)  0.054
Home with supportive care 12 (10%) 83 (12%)
Care home 7 (6%) 64 (10%)
Nursing home 18 (15%) 166 (24%)
Rehabilitation institution 64 (53%) 294 (43%)
Other 4 (3%) 20 (3%)
Mobility at discharge Independent mobility 132 1(1%) 643 4(1%) <0.001
Mobile with 1 support 6 (5%) 22 (3%)
Mobile with 2 supports or frame 93 (71%) 295 (46%)
Mobile with support within own home 19 (14%) 181 (28%)
No functional mobility 13 (10%) 141 (22%)

Data are shown as median (P,5-P7s) or as n (%). n*, number of patients for whom data were available. Bold
values indicate statistical significance. EME extramedullary fixation; HLOS, hospital length-of-stay; IME,

intramedullary fixation; UTT, urinary tract infection.
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Table 3: Three-month outcomes and mortality for extramedullary versus intramedullary fixation of

stable trochanteric fractures

EMF IMF
n=138 n=698
Outcome n*  n (%) n* n (%) P-value
Living status at 3 months Home, no supportive care 18 (35%) 157 (49%)
Home with supportive care 16 (31%) 63 (20%)
Care home 2 (4%) 19 (6%)
51 323 0.222
Nursing home 9 (18%) 58 (18%)
Rehabilitation institution 6 (12%) 22 (7%)
Other 0 (0%) 4 (1%)
Mobility at 3 months Independent mobility 10 (13%) 51 (14%)
Mobile with 1 support 8 (11%) 46 (13%)
Mobile with 2 supports or frame 75 42 (56%) 362 195 (54%) 0.990
Mobile with support within own home 9 (12%) 42 (11%)
No functional mobility 6 (8%) 28 (8%)
Katz-ADL at 3 months 0 29 (41%) 147 (43%)
1 13 (18 %) 42 (12%)
2 10 (14%) 39 (11%)
3 71 3(4%) 343 30 (9%) 0.694
4 4 (6%) 19 (6%)
5 8 (11%) 40 (12%)
6 4 (6%) 26 (8%)
Reoperation <3 months 89 6(7%) 476 45(10%) 0.546
Mortality at 3 months 96 15 (16%) 498 74 (15%) 0.876

Data are shown as median (P25-P75) or as n (%). n*, number of patients for whom data were available.

EME extramedullary fixation; IME intramedullary fixation.
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Table 4: Changes in mobility, living situation, and KATZ-ADL score between pre-trauma and three-
months after trauma; Crude analysis and Matched subgroup-analysis

EMF IMF

n=138 n=698
Unmatched analysis n* n* OR (95% CI) P-value
Mobility Decreased mobility 75 43 (57%) 350 189 (54%) 0.9 (9.5-1.5) 0.612
Living situation From living at home to institution’ 51 10 (20%) 312 48 (15%) 1.4 (0.6-2.9) 0.416
Katz-ADL Decrease in 1 domain or more 70 27 (39%) 341 127 (37%) 1.0 (0.6-1.6) 0.892
Mortality 96 15 (16%) 498 74 (15%) 0.9 (0.5-1.7) 0.847

EMF IMF

N=57 N=114
Matched complete case analysis* n* n* OR (95% CI) P-value
Mobility Decreased mobility 43 20 (46%) 79 39 (49%) 1.2(0.6-2.6) 0.615
Living situation From living at home to institution’ 43 8 (19%) 79 12 (15%) 0.8 (0.3-2.1) 0.649
Katz-ADL Decrease in 1 domain or more 43 18 (41%) 79 28(35%) 1.3(0.6-2.8) 0.485
Mortality 57 14 (25%) 114 35(30%) 0.7 (0.4-1.5) 0.403

Data are shown as n (%). n*, number of patients for whom data were available. *Return to home environ-
ment (with or without support) or return to any type of institution. “Patients matched 1:2 case:control on
age, sex, pre-fracture mobility, and ASA classification. EMFE, extramedullary fixation; IME intramedullary

fixation.

Discussion

This study showed that the vast majority of stable (AO type 31-A1l) trochanteric frac-
tures is treated with intramedullary fixation. No statistically significant differences were
found in HLOS and in-hospital complications. At three months after trauma, no dif-
ferences between groups were found in the reoperation rate, living status, mobility, and
mortality when comparing EMF with IME Matched comparison of complete cases and
sensitivity analysis in institutionalized or community-dwelling patients showed similar

results after three months follow-up.

The main analysis of this study suggested a small indication for a faster recovery of pa-
tients’ mobility in the three months after surgery for the IMF group. Despite a higher
proportion of IMF patients having no functional mobility or only functional mobility
within the home environment at baseline/pre-trauma and at discharge, there was no
statistically significant difference in mobility at the three-month follow-up. A similar
effect was found in the subgroup analysis for both institutionalized and community-
dwelling patients. However, due to loss to follow-up at three months, these findings
must be interpreted with care. These findings might indicate that while EMF patients
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leave the hospital with better (or with a smaller decrease in) mobility, they make a
slower functional recovery than IMF patients after three months. Although, when
comparing changes in mobility before trauma and after three months, no significant
differences were found in both the unmatched and matched analysis. Another recent
registry study from Sweden, on both stable and unstable trochanteric fractures in in-
dependently living patients found no significant difference in return to independent
living or mortality for stable trochanteric fractures (21). Van der Sijp ez 4. did not
specifically study mobility but found, in agreement with the current study’s results, no
significant differences in Katz ADL score at three months and at one year follow-up
(15). Additionally, a previous randomized trial that combined both stable and unstable
trochanteric fractures reported a significantly faster improvement of mobility (using the
Parker mobility score) at three months for IMF in the Al subgroup (22). This trend
continued up to one year follow-up. This might indicate that IMF has advantageous ef-
fects on mobilization of patients in the months after surgery, which may have beneficial
effects on both fracture healing and quality of life.

A recent review comparing EMF and IMF for stable trochanteric fractures also found no
meaningful differences in functional outcomes, complications, and surgical outcomes/
operation characteristics (23). It showed lower rates of reoperation for both fixation
groups than the current study (EMF 3.1% versus IMF 3.6%) but found no significant
difference between the groups, as well. The lower reoperation rate might be due to
inclusion of, often more selective, and younger randomized trial populations in this
study. As specific reasons for reoperation were poorly reported in the DHFA dataset,
these could not be adequately compared. With respect to in-hospital outcomes and
complications, the current study reported similar results to previous literature, with no
significant differences in HLOS, in-hospital mortality, and complications at discharge
(15, 22, 24, 25).

The proportion of IMF versus EMF in this study was similar to data published for
the full national coverage of the Dutch Hip Fracture Audit data in 2018-2019 (the
current study also included data for the year 2020) (17). This was also visualized in
DHFA data for all Dutch hospitals, including the six centers studied in this analysis,
in Figure 2. This figure shows that the DHFA Indicator Taskforce is a representative
sample of the national DHFA coverage and again confirms a low guideline adherence
by Dutch (orthopedic) surgeons in the treatment of stable trochanteric fractures (7,
17). International studies show that reasons for choosing a particular device are often
not motivated by patient specific factors but by surgeon specific training or preferences
(11, 16). The difference in costs between both devices is significant and can range from
around €300 to well over €2000 depending on the specific intramedullary device used,
although specific costs per device are highly health system and also individual hospital
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dependent (26, 27). If treatment of trochanteric fractures continues to shift towards
only intramedullary nailing and EMF becomes a more obscure treatment, future
generations of surgeons and surgical teams will lose the necessary training and experi-
ence. Future superiority of, the more expensive implant, IME, will then become a self-
fulfilling prophecy. As both devices are still used with relative frequency throughout the
Netherlands, this might be a tipping point for a meaningful cost-effectiveness analysis.
If extramedullary fixation proves to be more cost-effective, de-implementation studies
and education aimed at increasing the use of EMF and decreasing the use of IMF for
stable trochanteric fractures could potentially reverse the current trend.

Limitations

Although the DHFA should include all (31-A1) hip fracture patients, due to the often
retrospective completion of the DHFA follow-up using patient medical files, there is a
risk of selection bias through asymmetry in missing data. Differences found in baseline
characteristics indicate the possibility of indication bias, as patients in the EMF group
had a statistically significant better mobility and living status at baseline. However, after
sensitivity analysis, stratified on pre-fracture living status and matched complete case
analysis, we found similar results after 3 month follow-up as in the main analysis. Due
to the nature of the DHFA registration, we could not provide data for a longer follow-
up period than three months. While this would not influence data concerning the
initial hospital stay, outcomes like reoperation rate may increase further in the period
after the three month follow-up. Due to the anonymized nature of the DHFA data, we
could not compare the results of individual hospitals. Hospitals with lower usage of a
specific device could have worse results. Data on specific causes for reoperation, surgical
outcomes, specific nail subtypes or augmentation are not included in the DHFA and
could therefore not be included in this analysis. Due to the limitations of the DHFA
for the included years, data on interdisciplinary orthogeriatric treatment, an important
factor in rehabilitation could not be included in this manuscript. However, orthogeri-
atric treatment is the standard of care in the Netherlands for older hip fracture patients
and most of the included hospitals in this analysis operate a geriatric trauma unit (7).
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Between-hospital variation of Intramedullary Nail placement in patients aged 65 and older

90%
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@
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Figure 2: Between-hospital variation of intramedullary nail use for type 31-Al trochanteric fractures
in patients > 65 years in 2018-2020 across the Netherlands

Each data point represents one Dutch hospital. This figure was provided by the Dutch Institute for Clinical
Auditing and based on the complete national Dutch Hip Fracture Audit.

Conclusion

This study showed no meaningful differences between extramedullary and intramedul-
lary fixation of stable (AO type 31-Al) trochanteric fractures during hospital stay and
until three month follow-up. There were no significant differences between the groups
for (deterioration of) mobility or living status after three months follow-up. Despite
lictle differences in outcomes and extramedullary fixation being the treatment option
of first choice by the Dutch Hip fracture guideline, intramedullary fixation was used
in the vast majority of patients. Future efforts should focus more on cost-effectiveness
analysis of both implant types.
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Supplemental Materials 1: Changes in living status at discharge

and follow-up

Table S1: Changes in living status at discharge compared with the pre-trauma situation for extramed-

ullary versus intramedullary fixation of stable trochanteric fractures

Living status EMF IMF
n=138 n=698
Pre-fracture At discharge n* n* P-value
- Discharge to pre-fracture location 115 35(30%) 623 209 (34%) 0.186
No supportive care Supportive care at home 11 (10%) 54 (9%)
No supportive care Care home 4 (4%) 12 2%)
No supportive care Nursing home 2 (2%) 23 (4%)
No supportive care Rehabilitation institution 34 (30%) 183 (29%)
Supportive care at home Care home 0 (0%) 9 (1%)
Supportive care at home Nursing home 2 (2%) 20 (3%)
Supportive care at home Rehabilitation institution 24 (21%) 84 (14%)
Care home Nursing home 0 (0%) 12 2%)
Care home Rehabilitation institution 3 (3%) 6 (1%) °
Nursing home Rehabilitation institution 0 (0%) 4 (19) g
Other or unknown Other or unknown 0 (0%) 7 (1%) é

Data are shown as n (%). n*, number of patients for whom data were available. EMEF, extramedullary fixa-

tion; IME intramedullary fixation.

Table S2: Changes in living status at three-month follow-up compared with pre-trauma for extramed-

ullary versus intramedullary fixation of stable trochanteric fractures

Living status

EMF
n=138

IMF
n=698

Pre-fracture

No supportive care

No supportive care

No supportive care

No supportive care
Supportive care at home
Supportive care at home
Supportive care at home
Care home

Care home

Other or unknown

Three-month follow-up
Living at pre-fracture location
Supportive care at home
Care home

Nursing home
Rehabilitation institution
No supportive care

Care home
Rehabilitation institution
Nursing home
Rehabilitation institution

Other or unknown

n*

51 27 (53%)

n*

12 (24%) 34 (11%)
0 (0.0%) 4 (1%)
4 (8%) 11 (4%)
4 (8%) 8 (3%)
0 (0%) 10 (3%)
1 (2%) 4 (1%)
1 (2%) 12 (4%)
1 (2%) 7 2%)
0 (0%) 1 (0.3%)
1 (2%) 10 (3%)

302 201 (67%)

P-value
0.133

Data are shown as n (%). n*, number of patients for whom data were available. EMEF, extramedullary fixa-

tion; IME intramedullary fixation
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Chapter 7

Abstract

Purpose

For frail institutionalized hip fracture patients who opt for nonoperative management
(NOM), the additional treatment benefits of hospital admission and in-hospital diag-
nostics are not well evaluated. We aimed to describe and compare treatment satisfaction
and quality of dying, for patients who refrained from hospitalization after a hip fracture
and patients who were treated nonoperatively after a short period of hospitalization.

Methods

Both cohorts included very frail institutionalized hip fracture patients. The first group
directly started supportive care in their own nursing home after a suspected hip frac-
ture. The second opted for NOM during shared decision making after admission and
diagnostics at the hospital. Primary outcomes were treatment satisfaction and quality of
dying measured by the Quality of Dying and Death Questionnaire (QODD). Second-
ary outcomes included health-related quality of life (EuroQoL-5D-5L and Qualidem),

pain, and medication.

Results

20 non-hospitalized and 88 hospitalized patients were included. Overall treatment
satisfaction by proxies was high for both non-hospitalized 9 (interquartile range [IQR]
8-10) and hospitalized patients 8 (IQR 4-9). Quality of dying was rated higher in the
non-hospitalized group with QODD 8.3, IQR 6.9-8.6 versus 7.0, IQR 5.7-7.8, and
median difference 1.0 (95% confidence interval [CI] 0.1-1.8). HRQoL, measured by
the EQ-5D-5L utility score, was low in both groups but higher in non-hospitalized
patients (0.30, IQR 0.15-0.32) than in hospitalized patients (0.25, IQR 0.03-0.32,
median difference: 0.03, CI —0.03- 0.09)..Both groups reported similar pain levels, but
hospitalized patients used higher standardized daily doses of opiates (39 mg versus 68
mg, median difference —24 mg, CI —42 to -7).

Conclusion

Proxies of hospitalized and non-hospitalized patients report a high treatment satisfac-
tion after opting for NOM. Non-hospitalization may have beneficial effect on quality
of dying in selected patients who have pre-recorded do-not-hospitalize directives or
shared decision making after a suspected hip fracture.
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Satisfaction and quality of dying with nonoperative end-of-life care for hospitalized
and non-hospitalized frail older patients with (suspected) hip fractures

Introduction

Hip fractures are related with morbidity and mortality in older adults, especially in
those with extensive frailty (1, 2). A patient with a hip fracture is associated with limited
return to pre-existing mobility and deteriorated health-related quality of life (HRQoL).
While effective at reducing pain, operative treatment in frail older adults will increase
the risk of surgically associated adverse events and may not always be beneficial to the

patient (3, 4).

Nonoperative management (NOM) can be an appropriate option for selected frail
older patients with poor life-expectancy and/or severely limited pre-trauma mobility
(5, 6). In patients favoring palliative care focused on HRQoL and comfort, NOM may
even be a more appropriate approach than operative management focused on return
to function (7, 8). Currently, NOM is an increasingly used treatment option in the
Netherlands, at around 3-5% of the total annual number of hip fractures in 2022 (9,
10).

In frail older patients with hip fractures, non-inferior HRQoL for NOM with a high
treatment satisfaction and quality of dying has been reported (11). In a case series of
nursing home patients with suspected hip fractures with do-not-hospitalize directives
or advance care plans a high treatment satisfaction and quality of dying, reported by
proxies and caregivers, was found (12).

Not hospitalizing patients (due to advance care plans or do-not-hospitalize directives)
after a suspected hip fracture could potentially spare them from needless transfers, test-
ing, and complications associated with hospital admissions, while also allowing them
to directly receive care in a trusted environment. More comparative information can
aid physicians and surgeons during advance care planning or decision making after
suspected hip fractures and help them provide patients with more detailed expectations.

Therefore, we aimed to describe and compare treatment satisfaction and quality of dy-
ing in 2 cohorts of frail institutionalized patients with a (suspected) hip fracture, one
group that was presented to the emergency department for diagnostics and decision
making or underwent a short period of hospitalization and one that was not hospital-
ized due to pre-recorded do-not-hospitalize directives or pre-hospital decision making.
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Methods

Study design

A retrospective cohort study was conducted using data collected by the NONU-HIP
(12) and FRAIL-HIP (11) studies. These studies were conducted, respectively, from
November 1, 2019 to December 31, 2022 and from September 1, 2018 to April 25,
2020. They are reported using the STROBE guidelines.

Population

This study described and compared two groups of patients, a non-hospitalized group
and a hospitalized group. The non-hospitalized group consisted out of patients in-
cluded in the NONU-HIP study. This was a prospective case series in 3 nursing homes
in the Netherlands. All permanently institutionalized nursing home patients aged
over 65 years with a suspected hip fracture, as judged by the elderly care physicians or
nurse practitioner, who underwent NOM without hospital admission were included.
Treatment decisions for NOM were either made through shared decision making with
patients and/or legal representatives with medical professionals in the hospital and for
non-hospitalized patients, shared decision making in their institution of residence or
because of pre-existing do-not-hospitalize directives from advance care plans.

The hospitalized group included patients from the FRAIL-HIP study. This was
a 6-month prospective cohort study at 25 hospitals across the Netherlands. Eligible
patients were aged 70 years or older, frail, institutionalized, and sustained a femoral
neck or trochanteric fracture. The term frail implied that at least 1 of the following
characteristics was present: malnutrition (body mass index <18.5) or cachexia, severe
comorbidities (American Society of Anesthesiologists physical status class of IV or V),
or mobility issues (Functional Ambulation Category <2). Only data from patients who
chose NOM were included in this analysis. These patients either died during hospital
stay or returned to an institution or hospice after opting for NOM.

Outcome measures and data collection

The primary outcome measures were treatment satisfaction and quality of dying, using
the Quality of Dying and Death (QODD) questionnaire (13), both reported by prox-
ies. Secondary outcome measures were HRQoL using by the EuroQol 5 Dimension
5 level (EQ-5D-5L) questionnaire and Qualidem questionnaire (14), pain assessed
by the Pain Assessment Checklist for Seniors With Limited Ability to Communicate
(PACSLAC) (15), and daily amount of narcotic drug administration (total used dose
during follow-up was converted into equivalent doses of 1mg of oral morphine per day.
Additional data collected was: age, sex, BMI, KATZ-ADL score, cognitive function,
sedative medication use, and mortality.
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Treatment satisfaction, reported by proxies, was measured on a numeric rating scale
(0-10) after a patient had deceased or at the end of the 6-month follow-up. Herein, 0
was extremely dissatisfied and 10 extremely satisfied. Quality of death and dying was
also assessed by proxies, after patients deaths, using the QODD questionnaire (13).
Currently no minimal clinically important difference (MCID) has been calculated for

the QODD.

This interview-based questionnaire explores 17 end-of-life priorities resulting in 3 cor-
responding categories of the quality of the final period of the decedent’s life (‘terrible-
poor’, ‘intermediate’, and ‘good-almost perfect). It also distinguishes 4 subdomains:
symptom control, (death) preparation, connectedness (i.e., sharing physical expressions
of affection, spending time with family/friends), and transcendence (i.e., being unafraid
of- and at peace with dying). The EQ-5D-5L, also reported by proxies, is an instrument
for measuring HRQoL, consisting of a utility score (EQ-US) and a visual analog scale
(EQ-VAS) (16). It was converted into utility scores using the Dutch tariff (17). The
Qualidem, a 37-item questionnaire completed by caregivers covering the last 7 days,
measured the HRQoL on 9 domains in persons with dementia (14). The items are
rated on a 4-point Likert scale. Higher scores indicate better HRQoL (minimum score
0, maximum scores between 6 and 21 per domain). The PACSLAC is a 24-item instru-
ment for recognizing pain in patients with dementia and was completed by caregivers
(15). The total score ranges from 0 to 24, resulting in a dichotomous outcome with a
score of >4 points indicating significant pain. Because of the degree of cognitive impair-
ment of both study groups, questionnaires completed by proxies and/or caregivers were
inevitable

In this analysis, measurements on HRQoL and pain were compared for the follow-
up moment within the st week post-trauma, around 3 days for the non-hospitalized
group (NONU-HIP study) and 7 days for the hospitalized group (FRAIL-HIP study).
As almost all patients in the non-hospitalized, and a large proportion of hospitalized
patients died before or shortly after 7 days, follow-up calculation for other time-points
was not possible.

Statistics

Descriptive analysis was performed using SPSS version 25.0 (IBM, Chicago, IIl., USA).
Continuous data were reported as median and inter quartile ranges (IQR) (due to non-
normal distributions), categorical data as number with percentages. For categorical data
absolute differences with 95% confidence interval (CI) were calculated using MedCalc
Statistical Software, version 18.2.1 (MedCalcSoftware Ltd). For continuous variables,
the Hodges-Lehmann estimator was used to calculate median differences with corre-

sponding 95% Cl.
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Ethics, data sharing, funding, use of Al, and disclosures

Both the FRAIL-HIP study (ref.no 2018.208) and NONU hip study (ref.no 2019.343)
were exempted by the Medical Research Ethics Committee of VUmc. Patients or
proxies provided written consent for participation. No funding was received for this
analysis. The data that support the findings of this study are available from the cor-
responding author upon reasonable request. Al was not used in the analysis or writing
of this manuscript. The authors declare no conflicts of interest.

Results

108 patients were included in the analysis, 20 patients in the non-hospitalized group
and 88 in the hospitalized group (Figure 1). The total population had a median age of
88 years (IQR 84-93) and 83 (77%) patients were female (Table 1). Both groups were
similar in age, sex, BMI, and ASA score. None of the patients functioned without as-
sistance in any measured activities of daily life, but a higher proportion of hospitalized
patients had a KATZ of >4. Of hospitalized patients, 49 (55%) were admitted to the
hospital for at least 1 day, with a median stay of 2 days (IQR 2-3). The others returned
to their institution of residence after the diagnostic process and shared decision making
at the emergency department. For non-hospitalized patients a predefined do-not-hos-
pitalize directive was in place in 9 patients, and in the other 11 cases NOM was started
after shared decision making with the patient and/or next-of-kin. 30-day mortality was
100% in non-hospitalized patients and 83% in hospitalized patients (absolute differ-

Non-hospitalized cohort Hospitalized cohort

Patients from 3 nursing homes Patients from 25 hospitals

with suspected hip fractures with confirmed hip fractures

n=20 n=172
Excluded
Opted for operative management
n=_84

Non-hospitalized cohort Hospitalized cohort
Included patients (n = 20) Included patients (n = 88)

Primary outcomes: Primary outcomes:
- treatment satisfaction, 20 - treatment satisfaction, 79
— QODD questionnaire, 13 — QODD questionnaire, 52

Figure 1. Flowchart of included patients for both included cohorts and the number of patients with
data available for the primary outcomes.

QODD - Quality of dying and death questionnaire.
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ence 17%, CI 0.3 to 27). Additional injury and treatment characteristics showed a
median hospital stay of 2 days (IQR 2-3) for hospitalized patients. Of hospitalized
patients, 54 (61%) suffered a femoral neck fracture and 30 (39%) a trochanteric hip
fracture (Supplemental Table S1).

Opverall treatment satisfaction, measured by proxies, was high for both groups, with
a median NRS of 9 (IQR 8-10) in non-hospitalized patients and 8 (IQR 8-10) for
hospitalized patients with a median difference of 1 (CI 0-1) (Table 2). Quality of dy-
ing, measured by the QODD total score, was rated better (median difference 1.0, CI
0.1-1.8) by proxies of non-hospitalized patients (8.3, IQR 6.9-8.6) than in hospital-
ized patients (7.0, IQR 5.7-7.8). 10 proxies (76%) of the non-hospitalized group and
26 proxies (50%) of the hospitalized group rated the quality of dying as ‘good—almost

Table 1. Baseline characteristics. Data is shown as median (IQR) or as n (%).

Non-hospitalized (n  Hospitalized (n = 88) Absolute (in %) or median

=20) * difference
Characteristic Total Median (IQR) Total Median (IQR) n/% (CI)
n / n (%) n / n (%)
Age 20 87 (82-92) 88 89 (84-93) -1 (4t02)
Female sex 20 16 (80) 88 67 (76) 4 (-18 to 19)
BMI, median 12 21 (19-22) 68 21 (18-26) 0 (-2 to 3)
Nursing home resident 20 20 (100) 88 88 (100) 0 (4 to 16)
Hospital admission after hip fracture 20 NA 88 49 (56) NA
diagnosis
Dementia diagnosis 20 17 (85) 88 83 (94) 9 (=3 to 30)
Katz ADL score 0 20 0 (0) 84 0 (0) 0 (16 to 4)
1 2 (10) 0 (0) 10 (2 to 30)
2 1(5) 4(5) 0(-18t0 8)
3 2 (10) 13 (16) 6(-1t018)
4 7 (35) 12 (14) 21 (2 to 43)
5 5(25) 23 (27) 2 (=21 to0 19)
6 3 (15) 32 (38) 23 (0.1 to 37)
ASA category 1T 20 2 (10) 88 4 (5) 5 (4 to 25)
111 15 (75) 63 (60) 15 (-9 to0 32)
v 3 (15) 31 (35) 20 (=3 to 34)
Days to death 20 5 (3-6) 83 7 (5-12) -3 (-5t -1)
30-day mortality 20 20 (100) 88 73 (83) 17 (0.3 to 26)

ADL — activities of daily living; BMI — body mass index; CCI — Charlton Comorbidity Index; FAC — Func-
tional Ambulation Category

IQR - interquartile range * Median differences (and 95% confidence intervals) were calculated using the
the Hodges-Lehmann estima
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perfect’ (Figure 2). The sub-scores for the domains symptom control, preparation, and
transcendence were also rated higher in the non-hospitalized group. Symptom control
was the worst rated subcategory for both groups, with more frequent “good to almost
perfect” ratings for non-hospitalized patients across all 4 domains (Figure 2). For an
overview of all questions per subcategory see Supplemental Figure S1.

HRQoL measured by the EQ-5D-5L through proxies was low for both groups (Table
2). While the VAS scores were similar, the utility score was higher in non-hospitalized
patients (0.30, IQR 0.15-0.32) than in hospitalized patients (0.25, IQR 0.03-0.32,
median difference: 0.03, CI —0.03 to 0.09). However, the magnitude of this differ-
ence does not seem clinically relevant, based on nonspecific MCID values (18). Proxies
reported high disability with respect to mobility, self-care, and ADL tasks for both non-
hospitalized and hospitalized patients (Figure 2). Extreme pain and anxiety/depression
was uncommon in both groups. HRQoL measured by the domains of the Qualidem
score registered high (positive) scores for both groups in the categories ‘care relation-
ships’, ‘feeling at home’, and ‘positive self-image’, and lower (negative) scores in the
categories ‘having something to do’, ‘social relations’, and ‘restless tense behavior’.

Pain during care moments, measured using the PACSLAC was similar between the
groups, with a median score of 5 (IQR 4-10) for non-hospitalized and 6 (IQR 4-9)
for hospitalized patients (median difference 0, CI -2 to 2) (Table 2). Non-hospitalized
patients received a lower median dose of morphine per day of follow-up, 39 mg (IQR
16-65) versus 68 mg (IQR 39-95) (median difference —24 mg, CI —42 to 7). In 17
(70%) of non-hospitalized and 41 (51%) of hospitalized patients, palliative sedation
was started during the final phase of life (absolute difference 20% (CI —4-39)).
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Table 2. Primary (treatment satisfaction and quality of dying) and secondary outcomes (health-relat-
ed quality of life, pain and medication) for non-hospitalized and hospitalized patients. Data is shown
as median (IQR) or as n (%)

Non-hospitalized Hospitalized Absolute (in %) or
median®
n* n® difference (CI)
Primary
Treatment satis-  NRS Proxy 20 9 (8-10) 79 8 (4-9) 1(0to1)
faction
QODD Total score 13 8.3(6.9-8.6) 52 7.0(5.7-7.8) 1.0 (0.1 to 1.8)
Symptom control 13 7.7(6.7-8.3) 52 5.7 (3.1-6.7) 2.0 (1.0 to 3.3)
Preparation 15 8.8(8.0-9.2) 52  7.0(6.0-8.0) 1.4 (0.6 to 2.1)
Connectedness 15 85(7.8-9.0) 52 7.5(6.0-9.0) 1.0 (0.0 to 1.5)
Transcendence 15 8.7(7.7-9.0) 52 6.8 (4.8-8.0) 1.7 (0.7 to 2.7)
Secondary
EQ-5D-5L EQ-5D-5L Utility proxy 18 0.30 83 0.25(0.03-0.32) 0.03 (-0.03 to 0.09)
(0.15-0.32)
EQ-5D-5L VAS Proxy 18 25(18-46) 83 40 (30-50) —10 (=20 to 0)
Qualidem * Care relationships (0-21) 14 20(18-21) 84 19 (17-21) 1(0to02)
Positive affect (0—18) 14 10(6-11) 84 9 (5-12) 1(-1to4)
Negative affect (0-9) 14 9 (7-9) 85 7 (5-9) 1(0to02)
Restless tense behavior (0-9) 14 5(3-7) 85 4 (2-6) 0(-1to2)
Positive self-image (0-9) 14 9 (8-9) 85 9 (9-9) 0 (0 to 0)
Social relations (0—18) 14 8 (6-10) 83 7 (5-9) 1 (-1to3)
Social isolation (0-9) 14 6 (4-6) 85 6 (6-8) 0(-1to0)
Feeling at home (0-12) 14 12 (11-12) 84 12 (12-12) 0(0to0)
Having something to do 14 0 (0-1) 84 0 (0-0) 0(0to0)
(0-6)
Pain and medica- PACSLAC during care 19 5 (4-10) 85 6 (4-9) 0(-2to02)
tion ® (0-24)
PACSLAC >4 during care, 19 17 (90) 85 75 (88) 2 (=19 to 13)
n (%)
Daily morphine administra- 20 39 (16-65) 88 68 (39-95) —24 (42 to -7)
tion?
Palliative sedation, n (%) 20 14 (70) 81 41 (50) 20 (4 to 39)

IQR - interquartile range; NRS — numeric rating scale; QODD — quality of dying and death questionnaire;
VAS — visual analog scale. PACSLAC — Pain assessed by the Pain Assessment Checklist for Seniors With
Limited Ability to Communicate. *Number of patients for whom data were available. * Median differences
(and 95% confidence intervals) were calculated using the the Hodges-Lehmann estimator © Both Qualidem
and PACSLAC scores were completed by caregivers instead of proxies. ¢ Total morphine administration was
calculated by conversion of all administered opioid pain medication into 1 mg oral morphine per day for

the first week after trauma
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Hospitalized

Total QODD
Symptom control
Preparation
Connectedness
Transcendence

Non-hospitalized

Total QODD
Symptom control
Preparation
Connectedness
Transcendence

Terrible-poor
Intermediate [|
Good-almost perfect

0 20 40 GIO SIO 100
Proportion (%)
Figure 2. Quality of dying rated by proxies measured by the QODD questionnaire for non-hospital-
ized and hospitalized patients with ratings for the combined (total) QODD and the 4 subdomains.

EQ-5D Non-hospitalized Hospitalized
Mobility |8 Unable
Severs
Self-care Slight
[ [+]
ADL
Anxiety/
dnms:gn
Pain/

O 20 40 6 8 1000 20 40 60 8 100
Proportion (%) Proportion (%)
Figure 3. Quality of life for non-hospitalized versus hospitalized patients measured by the EQ-5D-5L
for the 5 subdomains by proxies during the first week after trauma.

Discussion

We aimed to describe and compare treatment satisfaction and quality of dying, for
patients who refrained from hospitalization after a (suspected) hip fracture and patients
who were treated nonoperatively after a short period of hospitalization. We found that
proxies of both hospitalized and non-hospitalized patients, who opt for NOM, report
a high treatment satisfaction and high quality of dying for the majority of patients.
Additionally, non-hospitalization may have beneficial effects on quality of life and dy-
ing in a select group of very frail older adults that opt for non-hospitalization after a
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pre-recorded do-not-hospitalize directive or shared decision making after a suspected
hip fracture.

This is the first study describing and comparing data from hospitalized and non-hos-
pitalized patients after opting for NOM for a (suspected) hip fracture. These outcomes
can aid physicians in shared decision making, advance care planning, and help them
provide more realistic expectation management, or serve as a starting point for further
study. However, due to the selection of both populations, the different moments pa-
tients opted for NOM, and differences in pre-existing expectations or preparedness of
death or dying there is a high risk of selection bias, almost per definition. Interpretation
and extrapolation of results should therefore be done with considerable care.

Proxies in both groups reported a high treatment satisfaction and quality of dying,
comparable to results found in operatively managed patients (11). However, proxies of
non-hospitalized patients reported better scores in the QODD total score and the sub-
categories symptom control, preparation, and transcendence. This can be interpreted
as less observed pain, a sense of less strain on loved ones, and patients seeming more at
peace with dying. The minimal important change for the QODD is unknown, making
the clinical value of these differences, of a median 1-2 points per subcategory, unclear.
Non-hospitalized patients did show a higher proportion of patients in “good—excellent
quality of dying” and no proxies that rated the quality of dying below intermediate, sug-
gesting that in this sample there were advantages for the non-hospitalized group. Previ-
ous qualitative studies reported that some of the most important aspects in comfortable
palliative care after hip fracture are control of pain, easy access to and communication
with loved ones, and a calm and peaceful moment of dying (19). Other studies also
identified maintaining quality of life (over prolonging of life) and being with family
as more important goals of care than hospital admission and intensive treatment for
frail patients with dementia (20, 21). Transfers to and within the hospital, diagnostics,
and care moments in an unfamiliar environment may all have contributed to the lower
quality of dying of those who were hospitalized, as these will have placed more strain
on both patients and next-of-kin, and potentially increases the risk of delirium. Alter-
natively, non-hospitalized patients and their next-of-kin may have been more at peace
with dying or prepared for the consequences of NOM due to predetermined advance
care plans or do-not-hospitalize directives. Dying within a short timespan would have
been within the realm of expectation.

Pain during care was rated similar for both groups and is often one of the most chal-
lenging areas of NOM. Despite similar pain scores and a small proportion of patients
receiving a local nerve block, hospitalized patients used higher mean doses of opiates
per day. This might be due to differences in protocols, in availability of medication, and
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means of administration between hospitals and nursing homes. It might also indicate
that hospitalized patients experienced higher pain levels, therefore needing more anal-
gesia. Conversely, some non-hospitalized patients may have benefitted from additional
pain medication to further decrease pain levels. A larger proportion of non-hospitalized
started palliative sedation, which may have reduced the need for or use of additional
pain medication.

HRQoL during the first week after trauma was rated low in both groups by proxies or
caregivers, with the small difference falling below most nonspecific MICD values (18).
This can be expected as both groups included very frail patients in their final phase of
life, often with pre-existing low HRQoL due to age, comorbidities, or mobility issues,
worsened by the hip fracture (2, 19). The process of hospitalization seems not to have
worsened these scores, although several patients in both groups scored near the absolute
minimum of the EQ-5D-5L and several of the Qualidem subcategories.

This study shows a notably longer survival in the hospitalized group which most likely
is explained by selection bias. The main reason for this difference might be that many in
the non-hospitalized group had do-not-hospitalize directives based on other diagnoses
or end-of-life preferences and consequently were treated earlier in a palliative matter.
The longer survival combined with low HRQoL can have also negatively impacted
quality of dying in this group, as judged by proxies, due to longer periods of ongoing
perceived suffering (19). However, others may have valued the additional time with
their loved ones. Is unlikely that the process of hospitalization will have significantly
prolonged survival. For a large proportion of the hospitalized patients the decision for
nonoperative palliative care had to be made after trauma in an acute hospital setting.
This could possibly have led to a broader range of patients opting for NOM, with less
specific advance care plans and wishes for end-of-life care and a less predictable short-
term mortality.

When interpreting this study’s results, basic differences between countries and their
healthcare systems must be considered. NOM is starting to gain more international
attention and acceptation but is still a small area of research (22, 23). Current projects
in the Netherlands focus on implementation of standardized shared decision-making
between operative management and NOM in the hospital setting for selected frail
elderly with hip fractures (24). However, international views, culture and legislation on
hip fracture care in the final phase of life differ greatly and not all will consider NOM a
favorable alternative to surgery (23).

As it is unclear who out of all frail institutionalized patients benefits from either opera-
tive management or NOM, both approaches need to be discussed.
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Limitations

We suspected selection bias as the major limitation. The sample size is small and the
smaller group size of the non-hospitalized group may have affected the generalizability
of results. The few data points for several outcomes hamper the possibility of matching
or viability of regression analysis. However, both groups were similar in terms of age,
sex, comorbidities, pre-trauma living situation, and mobility. While conducted within
the first week for both groups, follow-up did not occur on the same day after fracture
in the groups. Due to the nature of these patients, with high rates of dementia and/or
sedative medication, the included studies were only able to assess HRQoL and quality
of dying trough proxies or caregivers.

Conclusion

Proxies of hospitalized and non-hospitalized patients, who opt for NOM, reported a
high treatment satisfaction and high quality of dying for a majority of the patients.
In the situation of a suspected hip fracture, opting for non-hospitalization after a pre-
recorded do-not-hospitalize directive or shared decision making may have benefits for
quality of dying in selected very frail older adults when compared with patients who
were hospitalized for diagnostics and in-hospital shared decision making.

In perspective, Future efforts should focus on studying and improving shared decision
making and advance care planning in frail institutionalized older adults with a hip
fracture so that hospitalization can be prevented for those patients who would prefer
familiar care focused on comfort and quality of life in their final moment.

Refraining from hospitalization in selected patients who prefer nonoperative end-of-
life care decreases the amount of unneeded in-hospital diagnostics and interventions
which results in a cost-decrease for the health care system of approximately €2,200 per
patient (25, 26). Therefore, it is important to improve identification of patients for
whom hospitalization, diagnostics, and/or advanced pain treatment would be either
beneficial or redundant after a suspected hip fracture. However, the cornerstone of both
patient’s satisfaction and quality of dying remains the thorough and timely discussion
of expectations and wishes for the final phase of life, ideally conducted before a fracture
occurs.
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Supplemental tables and figures

Supplementary Table S1. Injury characteristics for hospitalized patient and additional treatment
characteristics for both groups

Non-hospitalized (n = 20) Hospitalized (n = 88)
Characteristic n® n n* median (IQR) or
n (%)
Fracture type
Femoral neck Unknown Unknown 54 54 (61)
Pertrochanteric Unknown Unknown 34 34 (39)
Days of hospital stay (IQR) NA NA 49 2 (2-3)
Consultations®
Physical therapist 20 5 88 39 (44)
Occupational therapist 20 2 88 31 (35)
Dietician 20 1 88 8(9.1)
Spiritual counselor 20 1 88 2(2.3)
Antipsychotic medication® 20 2 88 29 (33)
Femoral nerve block 20 NA 88 14 (16)
PENG block 20 NA 88 1(1.1)
Registered adverse events® 20 2 88 35 (40)
Pressure ulcers 20 0 88 20 (20)
Delirium 20 2 88 8(9.1)
Heart failure 20 0 88 2 (2.3)
Urinary tract infection 20 0 88 4 (4.5)
Pneumonia 20 0 88 2(2.3)
Fall 20 0 88 1(1.1)
Morphine intoxication 20 0 88 1(1.1)

* number of patients for whom data were available. ® Up to 1 week follow-up
ED = emergency department; NA = not applicable; PENG = pericapsular nerve group; IQR = interquartile

range
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Chapter 8

Abstract

Purpose

The aim of this study was to provide a comprehensive overview of (preoperative and
geriatric) diagnostic testing, abnormal diagnostic tests and their subsequent interven-
tions, and clinical relevance in frail older adults with a hip fracture.

Methods

Data on clinical consultations, radiological, laboratory, and microbiological diagnostics
were extracted from the medical files of all patients included in the FRAIL-HIP study
(inclusion criteria: hip fracture, >70 years, living in a nursing home with malnour-
ishment/cachexia and/or impaired mobility and/or severe co-morbidity). Data were
evaluated until hospital discharge in nonoperatively treated patients and until surgery
in operatively treated patients. 5 Results

A total of 172 patients (88 nonoperative and 84 operative) were included, of whom 156
(91%) underwent laboratory diagnostics, 126 (73%) chest X-rays, and 23 (13%) CT-
scans. In 153/156 (98%) patients at least one abnormal result was found in laboratory
diagnostics. In 82/153 (50%) patients this did not result in any additional diagnostics
or (pharmacological) intervention. Abnormal test results were mentioned as one of the
deciding arguments for operative delay (>24 hours) for 10/84 (12%) patients and as
a factor in the decision between nonoperative and operative treatment in 7/172 (4%)
patients.

Conclusion

A large number and variety of diagnostics were performed in this patient population.
Abnormal test results in laboratory diagnostics were found for almost all patients and,
in majority, appear to have no direct clinical consequences. To prevent unnecessary
diagnostics, prospective research is required to evaluate the clinical consequences and
added value of the separate elements of preoperative diagnostic testing and geriatric
assessment in frail hip fracture patients.
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Introduction

A proximal femoral fracture in frail institutionalized patients is associated with high
mortality and significantly diminished health-related quality of life (1-4). The results
of the FRAIL-HIP study suggested that nonoperative care is a viable option in the
most frail older adults with a hip fracture (5). Patients who opted for nonoperative
management showed a reduced life expectancy, but their quality of life was not inferior
to operated patients and the dying process without surgery was judged humane (5, 6).

When these patients are admitted with a suspected hip fracture, an extensive diagnostic
process is started. In addition to regular radiographs and physical examination, the
Dutch guideline for surgical treatment of frail older adults recommends a geriatric as-
sessment in addition to the general preoperative screening (7). In frail older adults with
multiple pre-trauma comorbidities, many incidental abnormalities can be expected
during the diagnostic process. Often clinical findings at arrival warrant additional
laboratory diagnostics, chest X-rays, or cardiac ultrasound, and in some cases extensive
routine testing is performed as standard care.

Questions could be raised about whether these abnormalities have consequences for
patients. Many abnormalities found through routine preoperative diagnostic testing
have little predictive value for outcomes in surgical patients (8-10). It is unknown what
proportion of abnormal diagnostic tests requires additional interventions and whether
these are performed. Also, the influence of preoperative assessment and diagnostic
testing on the treatment choice (operative versus nonoperative) is unclear. Studies
on preoperative cardiac testing show no changes in the perioperative management of
older adults with a hip fracture, whereas testing significantly increases the costs of care
and/or time to surgery (11-13). As less than one percent of routine preoperative chest
radiographs in patients with hip fractures lead to a clinically significant finding, some
authors advocate only selective use based on clinical indicators instead of routine test-
ing (14, 15). Preventing unnecessary preoperative diagnostic testing could be vital in
reducing the burden of care for admitted patients, delay of surgery, and general costs of
care.

Few data exist on (preoperative) diagnostic testing and its associated interventions in
frail older adults with a proximal femoral fracture. The aim of this study was to provide
a comprehensive overview of (routine) preoperative and geriatric diagnostic testing,
and the number of associated interventions with regards to frail institutionalized older
adults with a proximal femoral fracture.
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Chapter 8

Methods

This retrospective cohort study conducted an additional analysis of patients who par-
ticipated in the FRAIL-HIP study (5). These patients were enrolled between September
1, 2018 and April 25, 2020.

The FRAIL-HIP study was a prospective cohort study performed in 25 hospitals across
the Netherlands. Eligible patients were aged 70 years or older, frail, institutionalized,
and sustained a femoral neck or trochanteric fracture. The term frail implied that at
least one of the following characteristics was present: malnutrition (body mass index
<18.5 kg.m?), severe comorbidities (American Society of Anesthesiologists physical
status class of IV or V), or severe mobility issues (Functional Ambulation Category <2).
The Functional Ambulation Categories (FAC) is a functional walking test that evaluates
ambulation ability (16). This 6-point scale assesses ambulation status by determining
how much human support the patient requires when walking, regardless of whether
or not they use a personal assistive device. FAC <2 means that a patient at least has the
need for (intermittent) help of another person to be able to ambulate (FAC 2) to no
functional ambulatory capabilities (FAC 0).

Patients were either treated operatively or nonoperatively. Treatment decision was
made by shared decision making based on the personal preference and treatment goals
of patients and/or relatives. Patients were followed until six months after trauma or
until death.

Outcome measures

The primary outcome of this post hoc analysis was the type and number of diagnos-
tic tests performed as part of in-hospital (preoperative or geriatric) assessment. This
was categorized into: consultations, radiological diagnostics and electrocardiograms
(ECGs), laboratory (blood) and microbiological diagnostics. Secondary outcomes were:
abnormal results found during testing, interventions or additional diagnostics initiated
after abnormal results during diagnostic testing, postponement of surgery due to abnor-
mal diagnostic test results, change in hip fracture treatment due to abnormal diagnostic
test results, and adherence to the national guidelines with regards to diagnostic testing
and preoperative assessment in frail older adults with a proximal femur fracture. Data
on diagnostic procedures, test results, and subsequent interventions were either ex-
tracted from the FRAIL-HIP database or extracted from the patients” hospital records.
For operatively treated patients, data were extracted until the moment of operation
and for conservatively treated patients until discharge from the hospital. All data were
collected as reported in hospital records; no new interpretations or test results were
created based on available test data. Results were classified as an abnormal test result if
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mentioned as such in the patients’ records or classified as abnormal in the test registra-
tion. Abnormal diagnostic test results were classified as known if abnormal test results
of similar magnitude were found in recent tests preceding the hip fracture admission, or
if a related (chronic) disease was recorded in their recent medical history. Consequences
of abnormal diagnostic tests were classified as no diagnostics or intervention (including
expectant/conservative treatment or no mention of additional diagnostics or interven-
tion), additional diagnostic testing (including all types of diagnostics related to the ab-
normal result or repeated measurement of the same test), pharmacological intervention
(related starting, altering or stopping of medication), or invasive intervention (related
surgical intervention or other non-diagnostic invasive procedures). Pain medication was
not registered as additional intervention since all patients used analgesic medication
in this study. Diagnostics were classified as indicated if they were performed after an
explicit report of a complaint or clinical indication in the patient’s file. In all other cases
they were defined as screening diagnostics. Additional data on the patients’ vital signs
and physical state at admission were gathered, including heart rate, blood pressure,
respiratory rate, oxygen saturation, neurological status, and abnormalities found during

physical examination.

In addition, the proportion of conducted laboratory diagnostics in accordance with the
advised laboratory tests by the Dutch guidelines was assessed (7, 17). The Dutch hip
fracture guideline advises the minimum preoperative laboratory diagnostics to contain
at least: hemoglobin, albumin, creatinine/eGFR, electrolytes (most likely represented
by sodium, potassium, and calcium), and glucose (7). In addition, the Dutch guide-
line for the comprehensive geriatric assessment advises an assessment of: erythrocyte
sedimentation rate (ESR), complete blood count, kidney function, glucose, thyroid
assessment, electrolytes, liver enzymes, Vitamin B12, folic acid, total serum protein and
albumin (17).

These data were combined with the pre-existing FRAIL-HIP database, including
patient characteristics (age, sex, body mass index, ASA classification, Charlson co-
morbidity index), type of fracture, additional injuries, and treatment (operative versus
nonoperative).

Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version
28.0 (SPSS, Chicago, IIl., USA). Normality for continuous data was assessed using the
Shapiro-Wilk test. The analyses were done stratified for nonoperative treatment and
operative treatment. Continuous data were reported as mean and SD (if normally dis-
tributed) or median and interquartile ranges (in case of non-normal distribution) and
categorical data as numbers with percentages. Univariate comparison between groups
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Chapter 8

was performed using a Mann-Whitney, X2, or Fischer exact tests. A 2-sided P-value
<0.05 was used as threshold for statistical significance.

Results

A total of 172 patients with a hip fracture were included, of which 88 were treated
nonoperatively, and 84 were treated operatively. No significant differences were found
in baseline characteristics, physical parameters, or findings during physical examination
between the two treatment groups (Table 1; Supplemental Table S1). Consultations,
radiological diagnostics, laboratory diagnostics, and microbiological diagnostics were
mainly requested at the emergency department (>90%; OR 1, Tables S2-S3). Radiologi-
cal diagnostics were primarily performed after a clinical indication (e.g.. head trauma or
painful wrist after a fall), whereas laboratory and microbiology diagnostics were mostly

Table 1: Baseline characteristics for non-operatively and operatively treated patients

Nonoperative Operative
(n=88) (n=84)
N* N* P-value

Women 88 67 (76%) 84 68 (81%) 0.28
BMI (kg/mz) 68 20.4 (18.0-25.2) 77 23.2 (18.4-26.3) 0.10
ASA classification 0.41

2 4 (5%) 1 (1%)

3 5 53 (60%) 8 54 (64%)

4 31 (35%) 29 (35%)
CCI 88 3 (2-5) 84 3 (2-5) 0.44
Type of fracture

Femoral neck 88 54 (61%) 84 45 (54%) 0.30

Trochanteric 34 (39%) 39 (46%) 0.94
Physical parameters at admission

Temperature (°C) 75 37.0 (SD 0.56) 79 36.9 (SD 0.66) 0.14

Heart rate (bpm) 81 81 (SD 15) 81 81 (SD 15) 0.14

SBP (mmHg) 81 149 (SD 30) 83 149 (SD 28) 0.94

DBP (mmHg) 81 78 (SD 15) 83 78 (SD 16) 0.90

O, saturation (%) 80 95 (94-97) 79 95 (93-97) 0.29

Respiratory rate 53 15 (14-19) 68 16 (14-16) 0.95

GCS 34 15 (14-15) 48 15 (15-15) 0.18

Data are shown as n (%), median (P5-P;s) or mean (SD). N* refers to the number of patients for whom
data were available. ASA, American school of Anesthesiologists; BMI, body mass index; bpm, beats per
minute; CCI, Charlson comorbidity score; DBE, diastolic blood pressure; GCS, Glasgow coma scale; SBP,

systolic blood pressure.
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performed without mention of a specific clinical indication or related disease (OR 1,

Tables S4-S5).

Clinical consultations

The most common clinical consultations (Table 2), excluding (orthopedic) surgery
consultations (100% in both arms), were geriatric (59/88 nonoperative versus 77/84
operative) and cardiology (8/88 nonoperative versus 22/84 operative) consultations. No
additional clinical consultations occurred in 28/88 nonoperative patients and in only
1/84 patients in the operative group (p<0.001). Seventeen of those 28 nonoperative
patients without consultations also received no other diagnostics than a pelvic X-ray
at the ER and directly returned to their nursing home after having chosen nonopera-
tive treatment. Both geriatric and cardiology consultations occurred significantly more
in the operative group. After geriatric consultations, 39/59 (66%) nonoperative and
19/77 (25%) operative patients had no (pharmacological) intervention or additional
diagnostics (Supplemental Table S6). For cardiology consultations, this was 2/8 (25%)
for nonoperative patients and 7/22 (32%) for operative patients. No patients received
invasive interventions due to geriatric or cardiologic consultations.

Table 2: Clinical consultations for non-operatively and operatively treated patients

Consulted specialism Nonoperative Operative
(n=88) (n=84)
(Orthopedic) Surgery 88 (100%) 84 (100%)
Geriatrics 59 (67%)* 77 (92%)
Cardiology 8 (9%)* 22 (26%)
Neurology 2 (2%) 4 (5%)
Internal medicine 1 (1%) 3 (3%)
Pulmonary medicine 2 (2%) 1 (1%)
Anesthesia® 2 (2%) 0 (0%)
Other” 1 (1%) 4 (5%)
No consultation® 28 (32%)* 1 (1%)

Data are shown as n (%). *Statistically significant difference (p<0.05) between nonoperative and operative
groups * Not being regular preoperative screening consultation " Other including: Psychiatry, Microbiology,

ophthalmology, urology “No consultations other than primary orthopedic or (trauma-)surgery consultation

Radiological diagnostics and electrocardiograms

As a radiologically proven cervical neck or trochanteric fracture was a requirement for
inclusion, all patients received a form of radiological diagnostics (Table 3). Other than
pelvic X-rays, chest X-rays were performed in 59/88 (67%) nonoperative patients and
67/84 (80%) operative patients. In 41/59 nonoperative and 32/67 operative patients,
abnormal results were found on the chest X-ray. The most common abnormalities
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found were cardiomegaly (18/59 versus 15/67) and pulmonary consolidation/suspected
infection (8/59 versus 8/67) (OR 1, Table S7). In 18/59 nonoperative patients and
35/67 operative patients, no abnormal results were found in chest X-rays; this was
significantly more in the operative group (p=0.011). Other types of X-rays were less
common, with arm/wrist X-rays (six nonoperative and six operative) and knee X-rays
(three nonoperative and five operative) being most frequent. CT-scans were made in
nine nonoperative and 14 operative patients, with head and cervical spine as the most
common categories.

Cardiac ultrasounds were performed significantly less (p=0.12) in nonoperative patients
than in operative patients (4 with 4 abnormal test versus 14 with 10 abnormal tests).
Electrocardiography was also performed more often in the operative group (47 versus
69, p<0.001), with 32 and 41 abnormal tests found, of which most were previously
known abnormalities, respectively 21 and 26.

Regarding consequences (OR 1, Table $8), radiological diagnostics or ECGs rarely led
to additional diagnostics or interventions in the nonoperative group, only six pharma-
cological or invasive interventions across all diagnostic tests. Likewise, in the operative
group (besides hip fracture surgery) a total of 13 interventions were conducted related
to performed radiological diagnostics.

Laboratory diagnostics

Laboratory diagnostics (Table 4) were performed in 72 (82%) of nonoperative patients
and 84 (100%) of operative patients (p<0.001). All lab categories and microbiological
tests, except for liver/pancreas and cardiac function, were performed significantly more
in the operative group. In only one patient in the nonoperative group and two patients
in the operative group, no abnormal test results were found in any of the laboratory
diagnostics. Hematological diagnostics was the only subgroup with significantly more
abnormal test results in the nonoperative group (64/72 versus 62/84, p=0.006). Most
specific abnormal test results were found in hemoglobin (46/72 nonoperative and
36/84 operative), leukocyte count (45/71 nonoperative and 37/80 operative), Urea
(37/65 nonoperative and 48/78 operative), and C-reactive protein (41/68 nonoperative
and 48/80 operative). The most relevant tests and abnormalities, as described by the
Dutch guideline for hip fracture treatment and guideline for CGA are shown in Table
5. Nonoperative patients had significantly lower values for hemoglobin (7.4 versus 7.8
mmol, p=0.009), hematocrit (0.36 versus 0.38 mmol, p=0.016), and serum albumin
(34 versus 35 g/L, p=0.023), but had a higher glomerular filtration rate (¢GFR) than
operative patients (65 versus 60 mL/min/1,73m’, p=0.026). All other specific labora-
tory diagnostic results can be found in Supplemental Table S9.
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With regards to consequences for abnormal test results found during laboratory di-
agnostics (Table 6), for most abnormal test results, no additional diagnostics or in-
terventions were reported. In the nonoperative group, no intervention or additional
diagnostics rate was higher for all laboratory diagnostic subgroups, but a significant
difference was only found for the hematological (55/64 versus 42/62, p=0.015) and
vitamin status groups (8/9 versus 8/21, p=0.011). Abnormal test results in vitamins
(1/9 versus 13/21, p=0.011) and inflammatory markers (3/42 versus 12/51, p=0.046)
both showed an increased rate of pharmacological intervention in the operative group.
Abnormal tests in kidney function were associated with an increased rate of additional

diagnostics in the operative group (1/43 versus 11/56, p=0.036).

Laboratory diagnostics in guidelines

Adherence to the (Dutch) hip fracture guideline was investigated for the operative
group. Hemoglobin was tested in all 84 patients, 82 (97.6%) patients received at least
a sodium and potassium test, albumin was tested in 69 (82.1%) patients, kidney func-
tion was tested in 83 (98.8%) patients, and glucose was tested in 80 (95.2%) patients
(also shown in Table 5).
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Table 4: Laboratory diagnostics performed, abnormal test results found, and subsequent additional

diagnostics or intervention performed per subcategory

Laboratory testing

Hematological
Electrolytes

Nutritional status
Vitamin status
Inflammatory markers
Kidney function
Liver/pancreas function
Cardiac function
(Para-) Thyroid function
Coagulation

Arterial blood gas

Urine sediment

Microbiological testing

Blood culture
Urine culture
Viral PCR
MRSA culture

Other

D-dimer

Nonoperative Operative
(n=88) (n=84)
Performed ~ Abnormal  Additional = Performed  Abnormal  Additional
test results®  diagnostics test results®  diagnostics

72 (82%)*
72 (82%)*
67 (76%)*
31 (35%)*
69 (78%)*
71 (81%)*
61 (69%)*
2 (2%)
37 (42%)*
62 (71%)*
3 (3%)
22 (25%)*
10 (11%)*
3
8
1
0

0

64 (89%)*
25 (65%)
37 (55%)
9 (29%)
42 (61%)
43 (61%)
37 (61%)
2 (100%)
10 (27%)
18 (29%)
2 (67%)
6 (27%)

N.A.

N.A.

or Interven-
tion

9 (14%)*
4 (16%)
2 (5%)
1 (119%)*
8 (19%)
3 (7%)
1 (3%)
1 (50%)
1 (10%)
10 (55%)
2 (100%)
2 (33%)

N.A.
N.A.

N.A.

84 (100%)
82 (98%)
81 (96%)
49 (58%)
80 (95%)
83 (99%)
68 (81%)
1 (1%)
54 (64%)
81 (96%)
1(1.2%)
46 (55%)
20 (24%)
5
14

62 (74%)
32 (61%)
46 (57%)
21 (43%)
51 (64%)
56 (68%)
37 (54%)
1 (100%)
18 (33%)
19 (24%)
1 (100%)
18 (39%)

10

1

or interven-

tion

20 (32%)
11 (34%)
6 (13%)
13 (62%)
18 (35%)
13 (23%)
2 (5%)
0 (0%)
0 (0%)
15 (79%)
0 (0%)
14 (78%)

N.A.
N.A.

1

Data are shown as n (%). *Statistically significant difference (p<0.05) between nonoperative and operative

groups " At least one abnormal test result in the whole subcategory N.A., not applicable
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Table 5: Number of patients receiving specific laboratory diagnostics and abnormal test results in the
minimally required laboratory tests as described by Dutch hip fracture guideline and/or guideline for

comprehensive geriatric assessment.

Nonoperative Operative
(n=88) (n=84)
Performed ~ Abnormal test results ~ Performed ~ Abnormal test results

Hemoglobin 72 (82%)* 46 (64%)* 84 (100%) 36 (43%)
eGFR 71 (81%)* 26 (37%) 83 (99%) 34 (41%)
Sodium 72 (82%)* 9 (13%) 82 (98%) 8 (10%)
Potassium 72 (82%)* 9 (13%) 81 (96%) 11 (14%)
Calcium 58 (66%)* 6 (10%) 68 (81%) 3 (4%)
Albumin 58 (66%)* 28 (48%)* 69 (82%) 20 (29%)
Glucose 66 (75%)* 15 (23%)* 80 (95%) 33 (41%)
Additional tests mentioned in guideline for CGA

ESR 24 (27%) 8 (33%) 27 (32%) 11 (41%)
Hematocrit 68 (77%)* 35 (52%)* 77 (92%) 21 (27%)
MCV 65 (74%)* 3 (5%) 78 (93%) 4 (5%)
Erythrocytes 58 (66%) 37 (64%) 59 (70%) 30 (51%)
Leukocytes 71 (81%)* 45 (63%)* 80 (95%) 36 (45%)
Leukocyte differentiation 35 (40%) 24 (69%) 37 (44%) 23 (62%)
Thrombocytes 68 (77%)* 6 (9%) 77 (92%) 6 (8%)
TSH 37 (42%)* 8 (22%) 54 (64%) 17 (32%)
AF 56 (64%)* 12 (21%) 66 (79%) 14 (21%)
ALAT 54 (61%) 2 (4%) 62 (74%) 2 (3%)
ASAT 44 (50%)* 5 (11%) 56 (67%) 3 (5%)
GGT 46 (52%)* 10 (22%) 59 (70%) 18 (31%)
LD 36 (41%) 18 (50%) 45 (54%) 17 (38%)
Vitamin B12 27 (31%)* 2 (7%) 42 (50%) 3 (7%)
Folic Acid 25 (28%)* 3 (12%) 38 (45%) 10 (26%)
Creatine 71 (81%)* 20 (28%) 83 (99%) 30 (36%)
Total protein 8 (9%) 2 (25%) 4 (5%) 0 (0%)
CRP! 68 (77%)* 41 (60%) 80 (95%) 48 (60%)

Data are shown as n (%). *Statistically significant difference (p<0.05) between nonoperative and operative
groups 'CRP was is not included as standard diagnostic test in both guidelines but was added to the table
because of its frequency in testing and possible clinical significance.

AF alkaline phosphatase; ALAT, alanine transaminase; ASAT, aspartate transaminase; CGA, comprehensive
geriatric assessment; CRP, C-reactive protein; eGFR, estimated glomerular fileration rate; ESR, erythrocyte
sedimentation rate; GGT, Gamma-glutamyltransferase; LD, lactate dehydrogenase; MCV, mean corpuscu-

lar volume; TSH, thyroid stimulating hormone
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In addition to this, in accordance with the Dutch guideline for comprehensive geriatric
assessment: In the total 84 operatively treated patients, in 27 (32%) patients ESR was
tested, in 54 (64%) thyroid function was tested, in 68 (81%) at least one of the liver
enzymes was tested, in 42 (50%) vitamin B12 was tested, in 38 (45%) folic acid was
tested, and in four (5%) total serum protein was tested. A complete blood count was
also advised. In addition to hemoglobin in all patients, for 77 (92%) patients hemato-
crit, for 78 (93%) mean corpuscular volume (93%), erythrocyte count 59 (70%),
thrombocyte count 77 (92%), and leukocyte count 80 (95%) was determined, in the
operative group. The number and proportion of performed diagnostics in the nonop-

erative group was generally lower (OR 1, Table §9).

Delay and change of intervention

Surgery was delayed for >24 hours in 31/84 (36.9%) patients (Table 7). This was most
commonly due to logistical reasons (e.¢., admission in the early morning, no available
timeslot in the surgical program, not possible to contact family in time). In 10/84
(11.0%) patients, new findings (e.g., pneumonia, irregular antibodies, malignancy
screening, initial nonoperative treatment changed to operative after increased fracture
instability) during diagnostic testing were cited as a factor in delayed surgery (Table
7). In 5/172 (3.0%) patients, new findings were mentioned as one of the arguments
for the decision to switch from operative treatment to nonoperative treatment. Spe-
cific arguments mentioned were a newly found severe aortic valve dysfunction (cardiac
echography), increasing renal and cardiological dysfunction (laboratory diagnostics),
liver metastasis (abdominal echography), and/or pulmonary infection/malignancy
(thoracic X-ray). In all cases, these were only mentioned in a list of other arguments,
such as low quality of life, worsening dementia, low mobility pre-trauma, and weariness
of life. Changes from nonoperative to operative treatment in 2/172 (1%) patients were
all due to increasing fracture displacement on an additional (secondary) X-ray or CT-
scan because of increasing unmanageable pain after initial nonoperative management.
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Table 7: Reasons for postponement of surgery (>24 hours) and change of operative of nonoperative
treatment (partly) due to abnormal diagnostic test results

Operative
(n=84)
Delayed surgery 31 (37%)
Reason delay”
New finding 10 (32%)
Known finding 2 (6%)
Coagulation 11 (13%)
Logistical 20 (65%)
Change of treatment due to abnormal diagnostic test results Total population
(n=172)
Operative to nonoperative” 5 (3%)
Nonoperative to operative 2 (1%)
Unknown reason 3 (2%)
New abnormal diagnostic tests not mentioned in treatment decision 162 (96%)

Data are shown as n (%). * A combination of multiple reasons was possible * Specific test results: Severe
aortic valve dysfunction (cardiac echography), increasing renal and cardiological dysfunction (laboratory
diagnostics), liver metastasis (abdominal echography), and/or pulmonary infection/malignancy (thoracic

X-ray) © Increasing fracture displacement on an additional (secondary) X-ray or CT-scan

Discussion

This study evaluated (geriatric and preoperative) diagnostic testing in frail institutional-
ized patients with a hip fracture. The results showed that both a large variety and num-
ber of diagnostics were performed in this population, after presentation to the Emer-
gency Department, both in the operative and nonoperative group. Operatively treated
patients were tested more extensively in both radiological and laboratory diagnostics
and the majority of tests (>90%) in both groups was requested at or by the Emergency
Department. While many abnormal diagnostic tests did not result in (pharmacological)
interventions or additional diagnostics, abnormal diagnostic tests were mentioned as
a reason for surgery delay and as an argument in the decision between operative and
nonoperative hip fracture care in several cases.

Both the operative and nonoperative groups showed large numbers of diagnostics. The
rates of radiological diagnostics (not being pelvic X-rays) showed no differences between
groups, except for the rate of cardiac ultrasound, which was performed more often in
the operative group. Cardiac ultrasounds are often performed in the preoperative work-
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up in patients with known or newly found signs of heart failure, abnormal ECGs, or
cardiac murmurs during physical examination and would thus, logically, be performed
more often in operative patients (18, 19). The number of (preoperative) chest X-rays
was relatively high (67% nonoperative and 80% operative) and they were often used
without clinical indication, while recent literature and guidelines recommend only
indicated use of chest X-rays (14, 18-20). This study also showed that while abnormal
results were found in many cases, only in a small group of patients (4/41 nonoperative
and 5/32 operative patients) abnormal findings on chest X-rays were an argument for
(pharmacological) intervention. This is in line with results found in previous research

(14, 20).

Rates of laboratory and microbiological diagnostics were even higher, with 100% of op-
erative patients and 82% of nonoperative patients undergoing blood tests. The signifi-
cant differences between groups in performed diagnostics can be primarily explained by
a group of 17 conservative patients in which nonoperative care was established before
other diagnostics than pelvic X-rays were performed and were subsequently discharged
without additional diagnostics.

In the patients who did receive laboratory diagnostics, this study found no significant
differences in abnormal test results found per subgroup of laboratory diagnostics except
for abnormalities in hematological diagnostics. In this subcategory, nonoperatively
treated patients showed more abnormal test results than operatively treated patients.
This is probably due to a worse (pre-trauma) condition and related to their choice for
nonoperative care for their hip fracture. While there are differences between operative
and nonoperative patients in the amount of diagnostic testing, these differences are
remarkably small. As most tests were requested at or by the Emergency Department,
they were conducted prior to or during the treatment decision. The treatment group
might therefore have a limited effect on the number of requested tests.

This is the first study on the consequences of diagnostic testing in frail institutionalized
older adults with hip fractures and to analyze this in both operative and nonoperative
patients. Many previous prognostic studies have studied the influence of abnormal
diagnostic tests in laboratory or radiological diagnostics on mortality after hip fracture
surgery (21-24). They concluded that, despite the high predictive value of potential
biomarkers, advanced age, minimal pre-trauma mobility and history of ischemic heart
disease are the most important predictors for (in-hospital) mortality after a hip fracture
(23-25). Prediction of in-hospital mortality may be an essential argument in the deci-
sion between operative and nonoperative care for patients with a hip fracture. As this
was a retrospective analysis, the added value of specific tests in the treatment decision
could not be studied.
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(Trauma-)surgical guidelines on preoperative screening in older adults with a hip
fracture advise restricting diagnostic testing and treatment to only acute correctable
comorbidities or indicated diagnostics (7, 19, 26). According to surgical guidelines,
operations should not be delayed due to abnormalities in the diagnostic process unless
there is a severe condition preventing surgery. Because of this, the Dutch guideline ad-
vises only a limited blood analysis (7). In the operative subgroup only hemoglobin was
tested in 100% of the patients, with the other tests (except for albumin) performed in
95% of the cases. No previous study evaluated adherence to this part of the guideline.
The Dutch guideline also advises multidisciplinary care involving, ideally, a consulting
geriatrician. A documented geriatric consultation was achieved in 67% of nonoperative
patients and 92% of operative patients (in the period until respectively discharge or
operation). In operative patients, this percentage could have increased further after the
operation. However, this warrants attention in the nonoperative group as a geriatric
opinion combined with the surgeon’s view could be essential in deciding between op-
erative and palliative hip fracture care. In both cases a geriatrician could provide advice
and treatment for further recovery and rehabilitation or identify barriers and problems
for palliative care.

Many of the laboratory diagnostics performed in this study, such as liver/pancreas
function, vitamin status, or thyroid function, do not fit in the limited minimal surgical
assessment. Many of those do, however, fit in the comprehensive geriatric assessment
(CGA). This assessment is also advised by these same guidelines and plays a vital role in
optimizing patients post-operatively for rehabilitation or prevention of complications
and fracture recurrence (7, 17, 26-29). This guideline was met in lower percentages
than the surgical guideline. However, additional tests can be expected to have been
performed after surgery. It is important to note that a complete CGA was not common
practice in all included hospitals and some items, like vitamin status, would play a
marginal role in preoperative assessment.

As most test are requested at arrival, due to often standardized ER protocols, one could
argue that some of these tests could be postponed until after surgery and could thus be
omitted for patients opting for nonoperative/palliative care. These tests are associated
with additional costs (i.e., €47 for a thoracic X-ray and €46 for a vitamin status) and
several seem to have limited direct value for both clinician and patient (30). On the
other hand, grouping (blood) tests or applying standardized diagnostic protocols for
whole patient groups can increase organizational efficiency and reduce the number of
different diagnostic intervals during a patients hospital stay. This creates a dilemma:
With on the one hand more extensive (standardized) diagnostics for an informed (non-
operative) treatment decision, and on the other hand doing only what is necessary to
reduce the additional patient burden and associated costs. Either approach’s effect has
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yet to be studied but could be included in a future (cost-effectiveness) analysis. While
diagnostic tests were mentioned as one of the reasons for change in treatment decisions
between operative and nonoperative care, they were always mentioned in conjunction
with other arguments about patients pre-existing health status or treatment wishes.
Most tests were requested shortly after arrival at the ER, probably prior to an extensive
treatment decision, however, the exact timing of a treatment decision is hard to estab-
lish and the role of specific (normal or abnormal) test results is often not described.
Previous research on the shared decision making process identified co-morbidities as
an important argument for palliative care after hip fracture but did not identify specific
test results (31). The weight of abnormal diagnostic test results, as an argument, is
unclear and would probably vary between patients.

This study was a secondary retrospective analysis, and thus results should be interpreted
with care. In many cases, the clinical thought process remains unclear as reasons for
performed tests were often not documented and consequences of abnormal diagnostic
tests may have been considered but not performed or documented. A clear clinical in-
dication is often absent when retrospectively accessing a medical file and clinical advice
may have been given by other specialists but not officially documented as consultation.
Additionally, this study only analyzed test outcomes as described in the medical files.
Test results (e.g., X-rays or electrocardiograms) were not interpreted by the researchers.
Abnormal findings could have been missed, especially if found irrelevant at the time by
the initial observer. Findings corresponding with chronic conditions such as arthrosis
or cardiomegaly may not have been reported when a test’s indication was to find acute
diseases (e.g., hip fracture or pneumonia) and new abnormal findings might be a result
of existing disease not registered in the hospital of admission. As a result of these limita-
tions, the results of this study should primarily be used as a basis for further prospective
diagnostic and medical decision-making research. As nonoperative, palliative treatment
for hip fractures in the frail older adults is becoming a viable and more accepted treat-
ment option, it becomes crucial to define what additional diagnostics and consultations
are necessary (or redundant) in deciding between operative and nonoperative care.

Conclusion

When frail older adults are admitted with a hip fracture, an extensive diagnostic process
is started including a large number and variety of laboratory and radiological diag-
nostics. Operatively treated patients are tested more extensively than nonoperatively
treated patients. Abnormal test results in laboratory diagnostics are found for almost all
patients, however many abnormal findings seem to have no clinical consequences. In
few cases, diagnostic tests seem to influence treatment decisions and in a proportion of
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patients diagnostics are an argument for delay in the time till operation. However, the
exact importance of diagnostic testing in these decisions remains unclear. As nonopera-
tive hip fracture care is becoming a more viable palliative treatment option, prospective
research is required to evaluate the timing and added value of the separate elements
of preoperative diagnostic testing and geriatric assessment in older adults with hip
fractures.
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Supplemental tables

Table S1: Findings reported during physical examination at admission

Nonoperative

Operative

Cardiovascular abnormalities
Cardiac souffle
Arrhythmia
No abnormalities

Pulmonary abnormalities
Crepitations
Rhonchi
Decreased auscultation ~ volume
No abnormalities

Abdominal abnormalities
No abnormalities

Neurological abnormalities
Reduced consciousness
Pin-point pupils

None

Total patients with
measurement

70

71

56

45

20

47

62

56

40

Total patients with
measurement

67

73

60

55

16

47

64

60

55
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Table S2: Screening versus indicated reason for radiological diagnostics and electrocardiograms

Nonoperative Operative
(n=88) (n=84)
Screening Indicated Screening Indicated
n n n n

X-rays

Pelvis 0 88 0 84

Thorax 57 2 65 2

Shoulder/clavicle N.A. N.A. 0 3

Arm/wrist 0 6 0

Hand N.A. N.A. 1 0

Upper leg 0 2 N.A. N.A.

Knee 1 2 0 5

Lower leg 0 1 0 1
CT-scans

Pelvis 0 2 0 6

Thorax 0 1 0 1

Cervical spine 0 4 0 6

Head 0 8 1 7

Face 0 1 N.A. N.A.
Ultrasound

Cardiac 0 4 3 11

Abdominal 1 0 N.A. N.A.
Electrocardiograms 46 1 68 1

N.A., not applicable

-
i
3
=
g
=
(%]

229



Chapter 9

Table S3: Screening versus indicated reason for laboratory and microbiological diagnostics

Nonoperative Operative
(n=72) (n=84)
Screening Indicated Screening Indicated
n n n n
Laboratory testing
Hematological lab 72 0 84 0
Electrolytes and  vitamins 72 1 82 3
Nutritional status 67 0 81 0
Inflammatory ~ markers 69 0 80 0
Kidney function 71 0 83 0
Liver and pancreatic function 61 0 68 0
Cardiac function 1 1 1 0
Thyroid function 37 0 52 2
Coagulation 58 4 77 5
Arterial blood gas 2 1 1 0
Urine sediment 22 0 43 3
Microbiological testing

Blood culture 1 2 1 5
Urine culture 5 4 7 8
MRSA culture 1 0 1 1
Viral PCR 0 0 0 1

230



The value of preoperative diagnostic testing and geriatric assessment
in frail institutionalized elderly with a hip fracture

Table S4: Requesting departments for radiological diagnostics and electrocardiograms

Nonoperative Operative
n=88 n=84

X-Pelvis

Emergency  department 81 71

Surgery 5

Orthopedics 2
X-Thorax

Emergency  department 54 54

Surgery 2 8

Orthopedics 2 4

Geriatrics 0 1

ICU 1 0
X-Shoulder

Emergency department 0 3
X-Arm/wrist

Emergency  department 6 5

Surgery 0 1
X-Hand

Emergency  department 0 1
X-Upper leg

Emergency department 2 0
X-Knee

Emergency  department 1 3

Surgery 2 1 oo

Orthopedics 0 1 ‘_q;i
X-Lower leg =

Emergency  department 1 1
CT-Pelvis

Emergency department 2 3

Surgery 0 2

Radiology 0 1
CT-Thorax

Emergency  department 0 1

Pulmonary medicine 1 0
CT-Cervical spine

Emergency  department 3 5

Surgery 1 0

Neurology 0 1
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Table S4: Requesting departments for radiological diagnostics and electrocardiograms (continued)

Nonoperative Operative
n=88 n=84

CT-Head

Emergency  department 5 6

Surgery 1 0

Neurology 2 1

Geriatrics 0 1
CT-Face

Emergency  department 0 1
Cardiac ultra-sound

Surgery 0 3

Orthopedics 0 2

Geriatrics 0 1

Cardiology 4 7

Anesthesiology 0 1
Abdominal ultrasound

Internal medicine 1 0
Electrocardiogram

Emergency medicine 40 55

Surgery 4 6

Orthopedics 0 4

Geriatrics 1 1

Cardiology 2 3

ICU, intensive care unit
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Table S5: Requesting departments for laboratory diagnostics

Nonoperative Operative
(n=72) (n=84)
Hematological lab
Emergency medicine 71 79
Surgery 5 11
Orthopedics 4 5
Geriatrics 1 1
Electrolytes and vitamins
Emergency medicine 71 77
Surgery 5 11
Orthopedics 4 5
Geriatrics 4 11
ICU 1 0
Nutritional status
Emergency medicine 66 77
Surgery 4 10
Orthopedics 4 5
Geriatrics 2 3
Inflammatory markers
Emergency medicine 68 76
Surgery 4 10
Orthopedics 4 5
Geriatrics 1 0
Kidney function =
Emergency medicine 70 78 ‘_q;i
Surgery 5 11 =
Orthopedics 4 5
Geriatrics 1 2
Liver and pancreatic function
Emergency medicine 59 63
Surgery 4 9
Orthopedics 4 5
Geriatrics 1 3
ICU 1 0
Cardiac function
Cardiology 2 1
Thyroid function
Emergency medicine 35 44
Surgery 3 6
Orthopedics 0 2
Geriatrics 1 6
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Table S5: Requesting departments for laboratory diagnostics (continued)

Nonoperative Operative
(n=72) (n=84)

Coagulation

Emergency medicine 60 77

Surgery 5 10

Orthopedics 4 5

Geriatrics 1 0
Arterial blood gas

Emergency medicine 2 0

Geriatrics 0 1

ICU 1 0
Urine sediment

Emergency medicine 20 41

Surgery 2 7

Orthopedics 3 6

Geriatrics 1 2

ICU 1 0
D-dimer

Emergency medicine 0 1
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Table S7: Abnormal findings found during radiological diagnostics and electrocardiograms

Nonoperative Operative
(n=88) (n=84)
New finding Known finding New finding Known finding

X-Pelvis

Fracture 87 0 84 0

Arthrosis 14 3 14 5

Other® 0 N.A. 2 0

No abnormal findings 1 N.A. 0 N.A
X-thorax

Fracture 2 1 5 0

Cardiomegaly 18 9 15 10

Consolidation 8 1 8 0

Nodule/mass 4 0 1 0

Hilar enlargement 4 0 2 0

Atelectasis 0 N.A. 3 0

Fibrosis/interstitial pattern 8 1 5 1

Pulmonary edema 3 0 3 2

Pleural effusion 7 1 4 0

Other’ 4 1 3 3

No abnormal findings 18 N.A. 35 N.A.
X-shoulder

Fracture N.A. N.A. 2 0

No abnormal findings N.A. N.A. 1 0
X-arm

Fracture 5 0 4 0

No abnormal findings 1 N.A. 2 N.A.
X-hand

Arthrosis N.A. N.A. 1 1
X-upper leg

No abnormal findings 0 N.A. N.A. N.A.
X-knee

Arthrosis 0 N.A. 2

No abnormal findings 3 N.A. 2 N.A.
X-lower leg

Fracture 1 0 0 N.A.

No abnormal findings 0 N.A. 1 N.A.
CT-pelvis

Fracture 2 0 6 0

Arthrosis 0 N.A. 2 0
CT-thorax
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Table S7: Abnormal findings found during radiological diagnostics and electrocardiograms (continued)

Nonoperative Operative
(n=88) (n=84)

Aortic aneurysm 1 0 0 N.A

Atelectasis 1 0 0 N.A

Pulmonary embolism 0 N.A. 1 0

Diaphragm herniation 0 N.A. 1 0
CT-cervical spine

Arthrosis 3 1 4 0

Thyroid nodule 1 0 0 N.A.

No abnormal findings 1 N.A. 2 N.A.
CT-head

Cerebral atrophy 5 4 5 3

Cerebral infarction 1 0 2 2

White matter lesion 1 1 1 1

No abnormal findings 3 N.A. 2 N.A.
CT-face

No abnormal findings 1 N.A. N.A. N.A.
Cardiac ultrasound

Valve dysfunction 4 1 8 1

Left dysfunction 0 N.A. 2 2

Pulmonary hypertension 0 N.A. 2 0

No abnormal findings 0 N.A. 4 N.A.
Abdominal ultrasound

Liver metastasis 1 0 N.A. N.A.
Electrocardiograms

Conduction disorder® 31 21 39 24

STEMI 1 0 0 N.A.

Non-STEMI 0 N.A. 1 0

Heart failure 0 N.A. 1 0

No abnormal findings 15 N.A. 28 N.A.

-
i
3
=
g
=
(%]

‘Includes a myoma and myositis ossificans

*Includes one trachea deviation, two diaphragm herniations,

two aortic enlargements, one scoliosis and one shoulder arthrosis “Including atrium fibrillation N.A., not

applicable
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The value of preoperative diagnostic testing and geriatric assessment
in frail institutionalized elderly with a hip fracture

Table S9: Specific laboratory diagnostic outcomes for nonoperative and operative patients

Nonoperative Operative
n=88 n=84
n Mean (SD)/ n Mean (SD)/ P-value
Median (P25-P75) Median (P25-P75)
Hematological 72 (82%) - 84 (100%)
Hemoglobin (mmol/L) 72 7.4 (SD 1.1) 84 7.8 (SD 0.87) 0.009
Hemartocrit (mmol/L) 68 0.36 (SD 0.052) 77 0.38 (SD 0.040) 0.016
MCV (fL) 65 92 (89-96) 78 93 (89-96) 0.765
Erythrocytes (10'/L) 58 4.0 (SD 0.63) 59 4.0 (SD 0.53) 0.459
Thrombocytes (10°/L) 68 244 (204-296) 77 239 (199-293) 0.387
Leukocytes (10°/L) 71 10.8 (9.1-13.3) 80 9.9 (7.7-13.0) 0.066
Leukocyte  differentiation 35 - 37 - N.A.
Electrolytes 72 (82%) 82 (98%)
Sodium (mmol/L) 72 139 (137-141) 82 139 (137-141) 0.561
Chlorine (mmol/L) 17 104 (SD 5.1) 15 105 (SD 2.9) 0.289
Potassium (mmol/L) 72 4.1 (SD 0.50) 81 4.3 (SD 0.50) 0.11
Calcium (mmol/L) 58 2.29 (SD 0.14) 68 2.30 (SD 0.12) 0.768
Magnesium (mmol/L) 4 0.82 (SD 0.10) 7 0.88 (SD 0.090) 0.274
Phosphate (mmol/L) 11 0.99 (SD 0.23) 10 1.06 (SD 0.19) 0.448
Bicarbonate (mmol/L) 2 20.1 (N.A) 3 25.0 (N.A.) 0.248
Anion gap (megq/L) 1 10 (N.A.) 2 9.5 (N.A.) 1
Iron (mmol/L) 5 9.3 (SD 4.9) 13 6.5(SD 3.2) 0.173
Ferritin (ug/L) 7 128 (SD 101) 15 190 (SD 142) 0.316
Transferrin (g/L) 2 2.1 (N.A)) 12 2.1(2.0-2.5) 0.703
Iron saturation (%) 0 N.A. 2 16 (N.A.) N.A.
Nutritional status 67 (76%) 81 (96%)
Glucose (mmol/L) 66 7.0 (6.3-7.7) 80 7.4 (6.4-8.6) 0.060
Total protein (g/L) 8 65 (SD 5.3) 4 74 (SD 4.2) 0.015 o
Albumin (g/L) 58 34 (29-36) 69 35 (32-39) 0.023 8
Vitamin status E
Vitamin D (nmol/L) 60 74 (SD 30) 46 76 (SD 26) 0.765 =
Vitamin B1 (nmol/L) 3 141 (SD 16) 10 103 (SD 27) 0.041
Vitamin B6 (nmol/L) 3 68 (SD 43) 8 41 (SD 19) 0.175
Folic acid (nmol/L) 25 18 (SD 13) 38 17 (SD 13) 0.603
Vitamin B12 (pmol/L) 27 225 (169-437) 42 240 (96-415) 0.796
Inflammatory markers 69 (78%) 80 (95%)
CRP (mg/L) 68 10 (5-36) 80 11 (4.3-32) 0.998
ESR (mm/hour) 24 23 (12-34) 27 26 (20-44) 0.138
Venous lactate ~ (mmol/L) 2 2.2 (N.A) 0 N.A. N.A.
Kidney function 71 (81%) 83 (99%)
¢GFR (mL/min/1,73m’) 71 65 (49-78) 83 60 (42-73) 0.026
Creatine (pmol/L) 71 72 (58-99) 83 84 (65-104) 0.074
Ureum (mmol/L) 65 7.7 (6.4-9.8) 78 8.5 (6.6-10.6) 0.236
Liver/pancreas function 61 (69%) 68 (81%)
ALAT (U/L) 54 17 (12-23) 62 16 (13-20) 0.286
ASAT (U/L) 44 21 (18-28) 56 21 (17-25) 0.377
AF (U/L) 56 86 (76-109) 66 87 (71-101) 0.442
GGT (U/L) 46 22 (12-43) 59 29 (17-59) 0.128
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Table S9: Specific laboratory diagnostic outcomes for nonoperative and operative patients (continued)

Nonoperative Operative
n=88 n=84
n Mean (SD)/ n Mean (SD)/ P-value
Median (P25-P75) Median (P25-P75)

LD (U/L) 36 246 (200-297) 45 223 (201-276) 0.500

CK (U/L) 29 66 (39-109) 25 59 (46-94) 0.658

Total bilirubin ~ (umol/L) 30 9.2 (6.1-14) 36 9.0 (6.1-16) 0.985

Conjugated bilirubin 1 23 (N.A)) 4 5.3 (3.3-8.4) 0.157
(pmol/L)

Amylase (U/L) 12 61 (SD 22) 5 94 (SD 40) 0.149

Lipase (U/L) 15 25 (11-139) 15 34 (24-48) 0.852
Cardiac function 2 (2%) 1 (1%)

NT-proBNP (pmol/L) 2 5928 (N.A.) 1 5472 (N.A.) 1

Troponin T (pg/L) 1 0.064 0 N.A. N.A.
(Para-) Thyroid function 37 (42%) 54 (64%)

TSH (mU/L) 37 1.6 (0.85-2.8) 54 2.4 (1.5-5.4) 0.005

T4 (pmol/L) 11 17 (12-20) 23 15 (12-17) 0.146

PTH (pmol/L) 2 7.1 (N.A.) 0 N.A. N.A.
Coagulation 62 (71%) 81 (96%)

Type & screen 59 - 80 - N.A.

INR 27 2.2 (1.0-2.8) 30 1.2 (1.0-2.3) 0.641

PT (seconds) 6 16 (13-29) 7 15 (12-17) 0.475

APTT (seconds) 1 43 (N.A.) 5 28 (26-32) 0.143
Arterial blood gas 3 (3%) 1 (1%)

pH 3 7.41 (7.37-7.41) 1 7.32 (N.A.) 0.180

PO2 (kPa) 3 7.0 (5.0-7.0) 1 3.9 (N.A.) 0.180

PCO2 (kPa) 3 5.4 (3.2-5.4) 1 5.6 (N.A.) 0.655

Bicarbonate (mmol/L) 3 25.0 (15.4-25.0) 1 22.0 (N.A) 0.655

Base-excess 2 1.2 (N.A) 0 N.A. N.A.

Lactate (mmol/L) 1 8.5 (N.A) 0 N.A. N.A.
Other

D-dimer 0 N.A. 1 25000 (N.A.) N.A.

Data are shown as n (%), mean (SD) or median (P,5-P;5). Bold numbers represent numbers and percentag-
es for the whole subgroup of laboratory diagnostics AF, alkaline phosphatase; ALAT, alanine transaminase;
APTT, Activated partial thromboplastin time; ASAT, aspartate transaminase; CK, creatine kinase; CRD,
C-reactive protein; eGFR, estimated glomerular filtration rate; fL, femtoliter; ESR, erythrocyte sedimenta-
tion rate; GGT, Gamma-glutamyltransferase; INR, international normalized ratio; kPa, kilopascal; LD,
lactate dehydrogenase; L, liter; m, meter; MCV, mean corpuscular volume; mg, milligram; mm, millimeter;
mmol, millimol; pg, microgram; pmol, micromol; NT-proBNP, N-terminal prohormone of brain natri-
uretic peptide; PCO, partial pressure of carbondioxide; pmol, picomol; PO,, partial pressure of oxygen; PT,
prothrombin time; PTH, parathyroid hormone; P25, 25th percentile; P75, 75th percentile; SD, standard
deviation; TSH, thyroid stimulating hormone; T4, thyroxine; U, units
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Chapter 9

Abstract

Background and purpose

Recent research has highlighted nonoperative management (NOM) as a viable alterna-
tive for frail older adults with hip fractures in the final phase of life. This study aims to
guide Dutch physicians and hospitals nationwide in a standardized implementation of
shared decision making (SDM) regarding surgery or NOM in selected frail older adults
with a hip fracture.

Methods and analysis

The patient population for implementation includes frail older adults aged >70 years
with an acute proximal femoral fracture, nursing home care or a similar level of care
elsewhere, and at least one additional criterion (i.e. malnutrition, severe mobility im-
pairment, or ASA >4). The two-year implementation study will be conducted in four
phases. In phases 1 and 2, barriers and facilitators for implementation will be identified
and an implementation protocol, educational materials, and patient information will
be developed. Phase 3 will involve an implementation pilot in 14 hospitals across the
Netherlands. The protocol and educational material will be improved based on health-
care provider and patient experiences gathered through interviews. Phase 4 will focus
on upscaling to nationwide implementation and the effect of the implementation on
NOM rate will be measured using data from the Dutch Hip Fracture Audit.

Strengths and limitations of this study

This study builds on an existing foundation of recent well-received (inter)national
publications, countrywide initiatives involving shared-decision making, and recent
demands for assistance in the implementation of nonoperative management of hip frac-
tures in selected frail older adults with a limited life-expectancy. The study will employ
a staged approach in four phases, involving implementation strategies at the individual,
local, and national level, that range from local educational sessions to nationwide dis-
tribution at conferences and proposed guideline changes. The study design allows for
regular adjustment of its implementation protocols and educational materials based on
patient and health care provider feedback from interviews from 14 different hospitals
throughout the Netherlands. While the study has an ambitious 2-year time scheme to
achieve nationwide implementation in the hospital setting, it will provide an important
foundation for further initiatives.
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Shared decision-making for non-operative management versus operative management of
hip fractures in selected frail older adults with a limited life expectancy

Introduction

A hip fracture in frail older adults can indicate an approaching end of life. Advanced
age, multiple comorbidities, and severe mobility limitations are important risk factors
for early post-operative mortality after a hip fracture (1, 2). Studies show that >30% of
patients die within one year post hip fracture, with six-month mortality rates in older
adults with dementia exceeding 55%, often with low quality of life in the months pre-
ceding death (3-5). These patients, in their final phase of life, often do not benefit from
an operative treatment that aims to restore mobility. Operations are often conducted in
this population as a palliative treatment option, focused primarily on pain reduction.
Based on these insights, a paradigm shift is occurring in clinical approach, emphasizing
the importance of individualized care plans focused on optimal quality of life (6, 7).

The FRAIL-HIP study has confirmed that nonoperative management (NOM) can be
a good alternative to operative management in select frail older adults with a limited
life-expectancy (5, 8-10). Quality of life after NOM was valued non-inferiorly and the
majority of the next of kin rated the quality of dying of their relative as very good (5,
8). Despite higher mortality rates in patients opting for NOM, the option to allow
patients to pass away in a familiar environment was a compelling factor in favor of
NOM in this select population (11). Both operative and nonoperative management
can thus be effective treatment options as part of palliative care in selected frail older
adults with a limited life-expectancy. Following these results, multiple Dutch hospitals
have asked for guidance on implementing NOM in their institutions.

Central to NOM is the shared decision making (SDM) process, involving patients and
their families in treatment decisions aligned with the patients’ preferences and needs.
Based on the results of the FRAIL-HIP study and other literature, an implementa-
tion protocol has been drafted, piloted, and refined based on experiences of healthcare
professionals (7, 9, 12). This protocol version will serve as the starting point for the
iterative process towards nationwide implementation.

The aim of this study is nationwide implementation of SDM on treatment of hip frac-

tures, involving both NOM and operative treatment, to ensure that frail older adults
receive optimal, patient-centered care in the final phase of their lives.
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Chapter 9

Methods and analysis

Study design and aims

This two-year implementation study will consist of four phases (Figure 1); development
of the implementation protocol and educational material (Phase 1 & 2), implemen-
tation across a subset of hospitals across the Netherlands and process evaluation and
optimization of the protocol based on healthcare provider/patient experiences (Phase
3), and upscaling towards nationwide implementation and project evaluation (Phase
4). The study design of phases 3 and 4 entails a multicenter prospective cohort study.
Opverall, the project will cover all activities as recommended in the ImpRes Guide,
which mentions four implementation phases (i.e., exploration, installation, initial
implementation, and full implementation) and should efficiently translate local knowl-
edge into general knowledge (13). The ‘Consolidated Framework for Implementation
Research’ (CFIR) was used for designing this project (14, 15). With education being a
critical part of the implementation, elements of the education strategy from Wensing ez
al. (16) were added. The CFIR domains that the four phases of this project will cover
are mentioned in Table 1.

Integration of existing knowledge and new study data:
FRAIL-HIP study results
Qualitative research on experiences by patients and

next of kin Identification of barriers and facilitators for
healthcare providers

Development of NOM implementation
protocol

Creating educational material for:

- Patients

- Healthcare providers

(PHASE 1 & 2)

Upscaling towards nationwide implementation
Quality cycle and analysis based on hospitals

own DHFA data
(PHASE 4)

¥
Quality Cycle

) g

Evaluation pilot-phase, adjusting NOM
implementation protocol and educational material

(PHASE 3)

¥

Implementation pilot in 14 hospitals
Patient and healthcare provider feedback
through interviews

Creating nationwide awareness through
publicity and conference presentations
(PHASE 3)

ﬁ

Figure 1: Schematic overview of the implementation process in 4 phases

DHEFA, Dutch Hip Fracture Audit; NOM, nonoperative management

To achieve the primary aim, this study will use a staged approach in four phases that
involves three levels: The healthcare provider specific/local hospital level (micro) in
phases 1-3, the level of a limited number of hospitals (meso) in phase 3, and the na-
tional level (macro) in phase 4. The four consecutive phases of the project have phase-
specific aims with corresponding target populations and points of action, that are de-
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Shared decision-making for non-operative management versus operative management of
hip fractures in selected frail older adults with a limited life expectancy

scribed in Table 2. To ensure nationwide implementation many parties and interest
groups are or will be involved in the project (Table 3).

Table 1: CFIR domains and their role in the implementation project
CFIR Domain

Role in project

Inner setting Gain insight into the hospital/implementation location, including internal net-

work and communication, culture (norms and values), knowledge, current use
of the intervention, and implementation climate (tension for change, feedback,
learning climate)

Outer setting Gain insight into the needs of patients/proxies and pressure from peers (need for

hospitals to use the same protocol).

Characteristics of individuals Gain insight into the confidence/preparedness to discuss and apply NOM

through SDM with the intended target group

Characteristics of the intervention ~ Gain insight into the SDM conversation as part of NOM, the needs of health-

care providers on how to conduct SDM and who participates in it, and what
they need to apply NOM.

CFIR, Consolidated Framework for Implementation Research; NOM, nonoperative management; SDM,
shared decision making

(=)
9
)
S
=
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=
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Table 2: Study aims with specific action points per targeted group for the four study phases

Points of action per phase

Targeted group

Aim/outcome

Phase 1

Qualitative research on patient experiences
and perceived barriers and facilitators for
SDM on NOM

Phase 2

Development of educational material on

SDM with frail older adults with hip frac-
tures for patients and healthcare providers
Implementing SDM on NOM in the cur-

riculum for (orthopedic) surgeons in training
Phase 3

Presentations of the Implementation proto-
col and included tools at annual meetings of

the involved scientific associations

Implementation of the NOM implementa-
tion protocol and evaluation through inter-
views with patients and healthcare providers
in 14 selected Dutch hospitals

Phase 4

Maintaining and improving awareness
through conference- and regional trauma
network presentations

Identification of local ambassadors/drivers
of change

Dissemination of the implementation pro-
tocol/educational tools through a dedicated
website, scientific publications and media

coverage

Measuring the effect of implementation,
changes in NOM rate, through the DHFA
database

Patients, next-of-kin
and healthcare provid-

ers*

Patients, next-of-kin
and healthcare provid-

ers®

Healthcare providers*,
members of associated
scientific associations

Local project teams
and drivers of change
in 14 Dutch hospitals
and patients/next-
of-kin

Health care providers*,
and specifically, local
drivers of change, in all
Dutch hospitals treat-
ing frail older adults
with hip fractures

Dutch patients and
hospitals through the
DHFA database

Enriching the implementation protocol with
recent research on patient/healthcare pro-
vider experiences regarding SDM on NOM
versus operative treatment.

Providing insight into barriers and facilita-

tors on the local and individual level

Increasing (practical) knowledge on perform-
ing SDM on NOM in healthcare providers.
Providing healthcare providers with tools to
prepare patients and next-of-kin for SDM on

NOM versus operative treatment

Creating awareness and a sense of urgency
for SDM implementation and identifying
local drivers of change for future implemen-

tation

Evaluating and improving the implementa-
tion protocol and educational modules based
on local experiences, barriers and facilitators
through patient- and healthcare provider
interviews

Upscaling of the implementation to all
hospitals in the Netherlands that treat the
targeted patient group

Evaluating changes in practice after imple-

mentation

*Healthcare providers include (orthopedic) trauma surgeons, geriatricians, acute care physicians, anesthesi-
ologists, residents, and physician assistants directly involved in (acute) care for frail older adults with a hip
fracture in Dutch hospitals. DHFA, Dutch Hip Fracture Audit; NOM, nonoperative management; SDM,

shared decision making
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Shared decision-making for non-operative management versus operative management of
hip fractures in selected frail older adults with a limited life expectancy

Table 3: Participating parties and their roles and responsibilities

Participator(s)

Roles and responsibilities

Central project group/steering committee

Participating hospitals

Patients and/or proxies

Dutch Hip Fracture Audit (DHFA) and Dutch Institute
for Clinical Auditing (DICA)

Scientific associations (Dutch Trauma Society (NVT),
Dutch Association of Surgeons of the Netherlands
(NVvH), Dutch Orthopedic Association (NOV), and
Dutch Association of Clinical Geriatrics (NVKG))

Members of the National Association of General Practi-

‘The project group is responsible for the general oversight
of the entire project.

They will implement the NOM protocol locally, and
will provide data needed to evaluate the effect of the
implementation. They will need to allow local training,
and participate in interviews to gain insight into their
experience with NOM implementation.

Will be asked to voluntarily participate in interviews and
provide feedback on the chosen treatment and SDM
process.

They will provide the data so the hospitals can use it as
mirror information. The DHFA data (which are existing
data) will be used as pre and post implementation data,
and will thus allow accurate monitoring of the impact of
NOM implementation.

The scientific associations are responsible for education
for medical specialists and residents-in-training. They will
play a key role in the education sessions, and in forward-

ing information on our project to their members.

Will be kept informed about this project through mail-

tioners (LHV) and the Association for Older Adult Care
Physicians (Verenso)

ings and presentations during their annual conferences.

DHEFA, Dutch Hip Fracture Audit; DICA, Dutch Institute Clinical Auditing; LHV, Landelijke Huisartsen
Vereniging; NVKG, Nederlandse Vereniging voor Klinische Geriatrie; NVT, Nederlandse Vereniging voor
Traumachirurgie; NVvH, Nederlandse Vereniging voor Heelkunde; NOV, Nederlandse Vereniging voor
Orthopedie; NOM, nonoperative management; SDM, shared decision making;

Study population

N
-l
o
2
)
&

=

-

Phases 1 and 2 will not include patients or patient data but will include healthcare
provider and patient association perspectives. Phases 3 and 4 will also include frail
older adults with a limited life expectancy who sustained a proximal femoral fracture.
Patients will be included and receive SDM on NOM and operation if they meet the
following criteria:
1. Acute proximal femoral fracture (AO type 31), confirmed on X-ray or CT-scan

. 70 years or older

2
3. Living in a nursing home or receiving similar care at home
4. And at least one of the following characteristics:

*  Malnutrition (cachexia or BMI <18.5 kg/m2)

Functional ambulation category (FAC) 2 or lower

*  Severe comorbidities (ASA category 4 or 5)
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Patients and/or proxies that do not have sufficient comprehension of the Dutch lan-
guage will be excluded from the interviews during phase 3.

*The Functional Ambulation Categories (FAC) is a functional walking test that evalu-
ates ambulation ability (17). This 6-point scale assesses ambulation status by determin-
ing how much human support the patient requires when walking, regardless of whether
or not they use a personal assistive device. FAC <2 means that a patients at least has the
need for (intermittent) help of another person to be able to ambulate (FAC 2) to no
functional ambulatory capabilities (FAC 0).

Implementation in four phases

Phase 1 (exploration): evaluate current practice and identify facilitators
and barriers of NOM implementation

Based on the evidence-based ‘Measurement Instrument for Determinants of In-
novations (MIDI) (18, 19) and the ‘Barriers and Facilitators Assessment Instrument’
(BFAI) (20) a survey has been developed, aimed to identify the facilitators and barriers
for applying SDM and NOM for selecting the best treatment for individual patients
of the target population and identified five barriers and 23 facilitators (9). The patient
perspective was not included in this study, but was explored in another study (11). A
panel from older adults organizations, general practitioners and geriatric specialists will
discuss and supplement the data from the aforementioned studies from their perspec-
tive.

Phase 2 (installation): developing an implementation strategy for NOM

A draft protocol for NOM implementation, with as focal point the SDM interview, has
been written based on the experience and expertise of the project members, previous
studies, and questionnaires. This protocol contains the central vision, the requirements
for the implementation of NOM in selected frail older adults, and a recommenda-
tion for the composition of a local project team of stakeholders and drivers of change.
To remove barriers, practical tools such as pocket cards, posters, factsheets, and local
training options will be drafted or updated by the project team, based on the ‘Expert
Recommendations for Implementing Change strategies’ (21). This should help driv-
ers of change in achieving implementation goals and change day-to-day policies. The
NOM implementation protocol will contain an overview of the data to be collected for
NOM evaluation. A reporting tool will be developed in the Dutch Hip Fracture Audit
(DHFA) for this purpose. In addition, educational modules for healthcare professionals
will be developed using the NOM protocol in combination with existing educational
modules on SDM (22-24). NOM as a treatment option for selected frail older adults
will also be included in the obligatory curriculum for residents by the Association of
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hip fractures in selected frail older adults with a limited life expectancy

Surgeons of the Netherlands (in Dutch: Nederlandse Vereniging voor Heelkunde,
NVvH), in order to incorporate NOM into the educational program of (orthopedic)
trauma residents.

PHASE 3 (initial implementation): NOM-implementation in selected
hospitals

NOM for selected frail older adults will be implemented in 14 selected hospitals (Figure
2, collaborators listed in Online supplementary materials 1). Based on the experience
of these hospitals, the NOM implementation protocol and/or the educational material
will be optimized. To safeguard implementation of NOM in the long term, the NOM
protocol pays explicit attention to the involvement of all relevant healthcare providers
by informing those involved before, during and after implementation, and by collect-
ing data on relevant feasibility parameters as described in the Bowen model (25). To
achieve this, the site principal investigator will be asked to establish a local project team.
The team should represent all groups involved in NOM, including relevant physicians
and, as applicable, residents of the involved departments, specialized nurses, physician
assistants, and hospital management. Prior to implementation, this local team will
meet with the researchers for an interview to train them in applying the SDM and the
NOM implementation protocol, and to collect details on their specific needs for the
implementation.

The local team will perform patient selection and apply SDM on NOM and operative
treatment for all patients who meet the eligibility criteria. After the start of the imple-
mentation, during the first six months, patients, relatives, and/or next of kin will be
approached once by telephone to ask about their satisfaction with the treatment deci-
sion process, and the chosen treatment. This will be done through a semi-structured
interview. To provide more insight about their own patient population the interview
results will be discussed with the participating centers on a quarterly basis. All collected
data will be used to improve the NOM protocol and/or educational material prior to
phase 4. Six months after start of implementation, the local team will be approached
again for an interview to evaluate the process with the relevant parameters: adoption,
integration, applicability, expansion, and early local effectiveness.
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Figure 2: Map of participating hospitals during the initial implementation in selected hospitals
(Phase 3)

PHASE 4 (nationwide implementation): NOM-implementation in all
hospitals in the Netherlands and project analysis

Phase 4 is an expansion of phase 3 to reach nationwide implementation. The imple-
mentation strategy will essentially be the same as in phase 3. Due to the increase in
number of hospitals, the supervision and contact with the researchers and steering
committee will be less intensive than in phase 3. In practice, this means that the NOM
protocol will be implemented, but the interviews with health care professionals in the
hospitals (prior to start and six months after start) will be omitted. To ensure that all
information on SDM and NOM implementation is available continuously to both pa-
tients and healthcare providers, a dedicated website will be developed and maintained.
To effectively reach a broad audience of healthcare providers and keep them updated on
the implementation process and learning experiences, our goal is to give presentations
at the annual meetings of orthogeriatric scientific associations, as well as associations
for general practitioners and elderly care physicians (Table 3). In addition, time slots
for presentations will be requested at the meetings of the regional trauma networks.
Ultimately, we aim to include SDM on NOM or operative treatment for proximal
femoral fractures in select frail older adults in the National guidelines for hip fracture
treatment and operative care in older adults.
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Outcome measures and data collection

The primary outcome measure (for phase 3 and 4) is (change in) the NOM rate. Type
of treatment (NOM versus operative treatment) will be extracted from the Dutch Hip
Fracture Audit (DHFA). The DHFA is a national database, including over 95% of Hip
fracture patients, and can provide automated anonymous patient data up to one year
after hip fracture treatment. To evaluate the effect of the implementation, the change
in NOM rate and operative rate for the targeted population will be evaluated and
compared with the rate prior to implementation. This will be calculated using the an-
nual national DHFA data from the two-years preceding implementation per hospital,
as baseline. The post-implementation NOM rate will be collected immediately after
completion of phase 4, as well as at the end of 2025. The secondary outcome measures
(for phase 3 only) will be collected during semi-structured interviews with patients/
proxy or next of kin, four to six weeks after inclusion. These are the satisfaction with the
chosen treatment on a numeric rating scale (0-10), their valuation of the information
received during the SDM process, and if the patient’s needs were respected enough in
the treatment decision. The interview sheets (in Dutch), used for patient or healthcare
provider interviews in phases 1-3, are included in online supplementary materials 2.

The following patient data will be also collected in phases 3 and 4 from the DHFA at
3-months and one year after hip fracture treatment (emerging from the patients’ medi-
cal records). Patient characteristics (age, sex, ASA, Functional Ambulation Category),
pre-fracture situation (residence, mobility, KATZ Activities of Daily Living (ADL)
score), fracture details (fracture classification, affected side), hospital details (hospital
length of stay and intensive care length of stay), and outcome details (complications,
revision surgeries, readmission, 30-day mortality, and time until death).

Data will be collected for each patient who meets the eligibility criteria. To reduce the
administrative burden, the DHFA database will be used as much as possible. Data from
the DHFA will be imported in a Castor EDC database, in which hospitals can only see
their own data. The datasets of all hospitals will be combined for the final analysis.

Sample size calculation

A formal sample size calculation was not made as the primary aim is implementation
on a national level. To give an idea of the total national population size the following
estimate was made: In 2020 21,165 patients presented to a hospital in the Netherlands
with a proximal femoral fracture (26). Of these 17,225 (81.5%) were aged 70 years
or older. An approximate 25% of this population lived in a nursing home or other
institution. Which projects to about 4,300 patients as the primary target population of
this study. Approximately half of these patients will meet our inclusion criteria and thus
not all patients will be eligible for NOM, but this gives a broad estimate of the annual
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number of patients that should at least be considered for SDM on NOM and operative
treatment.

Statistical analysis

Data will be analyzed using the Statistical Package for the Social Sciences (SPSS) ver-
sion 28 or higher (SPSS, Chicago, Ill., USA). Normality of continuous data will be
tested with the Shapiro-Wilk test, and homogeneity of variances will be tested using
the Levene’s test. A p-value <0.05 will be taken as threshold of statistical significance.
Missing values will not be imputed.

The primary outcome, NOM rate, will be determined by dividing the number of
patients treated with NOM by the total eligible number of patients (per participating
center and for all participating centers combined).

All continuous data will be reported as mean with standard deviation (SD; if normally
distributed based on Shapiro-Wilk test) or as median with quartiles (if not normally
distributed). Categorical data will be reported as number with percentage. Pre- and
post-implementation data will be compared with a Student T-test (continuous data,
normally distributed), Mann-Whitney U-test (continuous data, non-normally distrib-
uted), or a Chi-square or Fisher’s Exact test (categorical data), as applicable. The analysis
will be stratified by NOM versus operative treatment, and further stratified as feasible
depending on the final study population, e.g., by time since NOM implementation,
pre-fracture mobility, ADL status, fracture classification, or bilateral fracture.

Project timeline

Phase 1 of the study started in June 2023 and ended in August 2023. Phase 2 started
in June 2023 and ended in October 2023. Phase 3 started in September 2023 and
will approximately end in October 2024. Phase 4 will start in June 2024 and will ap-
proximately be concluded in June 2025.

Patient and public involvement

A patient association representative was consulted during the drafting of the study pro-
tocol and could provide input for the study design and implementation tools. Through
interviews, study participants (patients, next-of-kin and healthcare providers) will be
directly involved in providing feedback on the SDM process and educational tools used
during the project. In addition to general publication, a summary of the main results
will be made available to study participants on request.
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Ethics and dissemination

The study was exempted by the local Medical Research Ethics Committee (MEC-2023-
0270, 10-05-2023) and Medical Ethics Committee United (W23.083, 26-04-2023)
and is registered at ClinicalTrial.gov (NCT06079905, 11-10-2023). The study was
approved by the board of directors of all hospitals participating in phase 3. There are no
risks involved in this study. The only burden is the time needed for the interviews with
health care providers and patients/next of kin in phase 3. The interviews will be per-
formed by researchers following an opt-out design, participants can stop at any time.
Participants will be asked to consent to share their contact details with the researchers
and participation means interview data can be used (Online supplementary materials
3). Besides this, only already existing and routinely collected data will be collected.
All treatments, chosen after SDM, will be performed following local standard care
protocols. Based on the above, the overall burden and risks are considered negligible.
The study will follow Good Clinical Practice (GCP) guidelines. The study’s results
will be submitted to an open access international peer-reviewed journal. As previously
explained above, it’s protocols, tools and results will be made publicly available and
presented at several national and international academic conferences of relevant ortho-
geriatric (scientific) associations.

Data management, monitoring, and privacy

All data and information collected regarding this study will be treated confidentially
by the researchers. Research data that can be traced to individual persons can only be
viewed by authorized personnel (members of the research team and members of the
health care inspection). Data will be encoded and stored in a Castor EDC database
with password restricted access to the researchers at individual sites only. Regarding
participants privacy, the Dutch ‘General data protection regulation (GDPR) imple-
mentation act’ will be applied.

Funding and disclosures

This project has been funded by the Netherlands Organization for Health Research and
Development (ZonMw; project No. 10390162210008). The funder of the study has
no role in study design, data collection, data analysis, data interpretation, or writing of
the manuscript. All authors declare no conflicts of interest or competing interests for
this project.
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Discussion

Clinical impact

This project provides an important translation of recent scientific publications to
clinical practice and its success could play an important role in (inter)national surgical
and geriatric guideline changes. Successful implementation of NOM will change the
way healthcare providers view acute hip fractures in frail older adults with a limited
life-expectancy. Instead of primarily focusing on clinical possibility of hip fracture treat-
ment, the focus will shift towards treatment concerning patients” quality of life, harm
reduction, and effective palliative care in the final stages of life. Because of this shift,
the NOM rate is expected to rise in this select group. However, the main goal is not
to increase NOM rate, but to provide each patient with the clinical care that best suits
their wishes, needs, and clinical reality. Nationwide implementation of SDM on NOM
will also lead to a reduction of overtreatment and might reduce associated costs (10).
Another important outcome is reduced practice variation between hospitals in both
patient selection for (SDM on) NOM and nationwide implementation of a universal
structured SDM protocol for frail older adults with a hip fracture.

Strengths and limitations

The strength of this study is that it builds on an existing foundation of recent well-
received (inter)national publications, countrywide initiatives involving SDM and
advance care planning, and recent demands for assistance in the implementation of
NOM from several hospitals. The project group includes experienced professionals from
(orthopedic-) trauma surgery, geriatrics, epidemiology, and implementation science
from both university medical centers and general hospitals, supplemented with patient
perspectives and experts in SDM and study methodology. A limitation of the project
is the limited time period for the initial project. Achieving nationwide implementation
within two years, which is the maximum allowed project duration of the grantor, might
be an overoptimistic aim. However, the project will have developed a strong foundation
on which future projects can build and will keep sharing its tools and information, even
after completion. Another limitation is that the inclusion criteria might prove to be too
narrow. There might be a larger group of patients for whom NOM could suit their pref-
erences or goals of care. However, the project group has decided to keep strict criteria
to prevent the pendulum swinging too far and causing undertreatment with long-term
survival without functional recovery after opting for nonoperative treatment, which
results in potential decreased quality of life and associated adverse events. Depending
on the results of the initial implementation the inclusion criteria in the protocol might
be adjusted to suit the needs of patients and health care providers. Finally, the NOM
rate in the DHFA database might be an underestimation, as patients living in a nursing
home might already have advance care plans preventing them from being transferred to
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the hospital in the case of a hip fracture. As the NOM implementation gains national
traction more attention to advance care planning around hip fractures might lead to
an unmeasured increase of the NOM rate in the pre-hospital setting. While reducing
DHFA registration for this project, improved communication on patients wishes and
integration of hip fractures in advance care planning, between patients and (geriatric)
medical practitioners within and outside the hospital, is a desired effect that will im-
prove the quality of NOM and patients” treatment satisfaction.

Future perspective

The success of this project can be used as an international example for trauma care in
selected frail older adults and lead to further changes in advance care planning within
this older trauma population. The projects finished protocols and clinical tools may be
used for updating the Dutch national ‘Guideline for the treatment of proximal femoral
fractures’ and ‘Guideline for multidisciplinary treatment of operative treatment of frail
older adults’ and may also help updating international treatment guidelines on proxi-
mal femoral fractures in selected frail older adults with a limited life-expectancy.
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Abstract

Objective

Shared decision making (SDM) is essential in hip fracture treatment, as operative and
nonoperative management are viable options in a select group of frail older adults with
a limited life expectancy. This study aims to assess the satisfaction of patients and their
proxies on SDM and the definitive decision in operative or nonoperative management
for hip fractures, to gain insights into patients and proxies experience after implementa-
tion of SDM and to give direction for improvement for healthcare professionals.

Methods

We conducted a multicenter study with a concurrent mixed methods design in 14 hos-
pitals across the Netherlands for a select group of frail older adults with a hip fracture.
Patients and treatment specific characteristics were collected from the national Dutch
hip fracture database. Semi-structured interviews provided quantitative and qualitative
data regarding rates and perspectives on satisfaction, information, and attention for
patients wishes.

Results

172 patients engaged in SDM, a total of 80 participants consented for an interview.
After SDM participants were satisfied with the final decision. The median age was 87
years , and 55(69%) was female. In 52 patients nonoperative management was the
definitive decision. The median satisfaction score regarding the chosen treatment was
8 out of 10 (Pys-P;57-9). Contributing factors include acknowledging patients’ frailty
and ensuring treatment consistency. Access to adequate and honest information and
sufficient time allocated was crucial. In 23/78 (30%) cases participants missed informa-
tion on technical details and aftercare.

Conclusion

After SDM with frail older adults with a hip fracture and their proxies, participants are
satisfied with the final decision. However there are several considerations to improve
SDM, this study describes practical insights and recommendations to guide healthcare
providers during SDM process.
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Introduction

Shared decision-making (SDM) is crucial for aligning treatment options with patient
preferences, facilitating more informed and well-understood decisions that contribute
to personalized care [1,2]. Patients and proxies feel supported and empowered though
effective communication in SDM [2]. The SDM approach is essential in hip fracture
treatment in a select group of frail older adults with a limited life expectancy, as it
empbhasizes personalized, tailored care rather than solely focusing on the clinical aspects
of hip fracture treatment [3,4]. While operative management (OM) is the cornerstone
for management of hip fractures, nonoperative management (NOM) can be a viable
option for frail older adults when end-of-life care aligns with patient’s preferences [5,6].

Nevertheless, SDM in an acute setting can be challenging due to perceived practical
barriers and uncertainty about the individual prognosis [7,8]. Previously described
barriers include the time required for an SDM conversation and the inability to ar-
range multidisciplinary commitment [9]. Additional challenges include patient-related
barriers, where individuals may be hindered by the emergency setting and pain or side
effects from opioids which reduce their ability to take control of the situation [10].

When these barriers obstruct the process, SDM might be inadequately performed
potentially leading to lower patient satisfaction and a higher incidence of decision
regret [11,12]. Therefore, as in the Netherlands, the adoption of SDM is becoming
more accepted in this select group of frail older adult with a hip fracture it is crucial to
address and improve this process [4,10,13]. By implementing appropriate SDM strate-
gies, the patient and proxy experiences regarding SDM for OM versus NOM could
improve. However, it remains unclear what the satisfaction of frail older adults with a
hip fracture with the SDM process is, and how this can be optimized.

Therefore, the aim of this study was to assess the satisfaction of patients and their prox-
ies on SDM and the final decision on OM versus NOM for hip fracture treatment, and
to gain insights into patient’s and proxies experience after implementation of SDM.
These insights will be used to provide practical insights and recommendations to guide
healthcare providers throughout the SDM process.

Methods

Study design

A multicenter, mixed methods study was conducted among frail older adults with a hip
fracture and their proxies, from January 1, 2024 to September 1, 2024, parallel to the
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NOM-implementation project in 14 hospitals [14]. In a concurrent mixed methods
design, quantitative and qualitative data were collected during a single semi structured
interview (Figure 1). Additional data and baseline characteristics were extracted from
the Dutch Hip Fracture Audit (DHFA), the national quality data registry of hip
fracture patients [15]. Both quantitative and qualitative data were analyzed separately.
Next, quantitative and qualitative data were concurrently triangulated [16]. This study
is reported according to the Good Reporting on a Mixed Methods Study (GRAMMY)
Guideline [17].

Qualitative data .
Semi ‘Structured : Data
L

Integration

interviews - 1 Tt d
Quantitative data an

=

evaluation

DHFA quantitative data > analysis

Figure 1: Concurrent mixed methods design
DHEFA, Dutch Hip Fracture Audit

Context and study Setting

This study was conducted alongside the nationwide NOM-implementation project on
SDM for OM and NOM of hip fractures in a selected group of frail older adults, see
subheading participants for further details. SDM implementation was done following
an implementation protocol, which was developed in a preparation phase [14]. Dur-
ing a pilot phase, 14 hospitals in the Netherlands implemented SDM on hip fracture
treatment, all level 1 or 2 trauma centers. Educational materials were developed to
support the local healthcare providers during the SDM process, following the four
step SDM-strategy described by Stiggelbout et al [1,2]. Healthcare providers at each
hospital received SDM education tailored to their needs in SDM by a certified SDM
trainer (PCO or MLZ) [14]. Subsequently, the local teams performed patient selection
and applied SDM on hip fracture treatment when patients met the inclusion criteria.

Participants

Participants were patients or their proxies who attended the SDM process. Patients were
eligible if they met all of the following inclusion criteria, and were engaged in SDM for
OM or NOM by the attending physician(s). Inclusion criteria were: patients being
70 years or older with an acute proximal femoral fracture (AO type 31), confirmed by
X-ray or CT scan [18], who were either living in a nursing home, receiving equivalent
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care at home, or qualifying for long-term care under the Dutch Long-Term Care Act
[19]. Additionally, at least one of the following characteristics had to be present: either
malnutrition (cachexia or body mass index<18.5 kg/mz), a functional ambulation
category® (FAC) 2 or lower, or severe comorbidities defined as American Society of
Anesthesiologists (ASA) category 4 or 5 [20,21]. Patients and/or proxies with insuf-
ficient comprehension of the Dutch language were excluded. Participants were asked if
they were willing to participate in interviews and provide feedback on the SDM process
and the decision. Four to six weeks after the SDM process, participants were contacted
by telephone, they could opt out if they no longer wished to participate at the time of
the interview. Participants were also excluded after at least five unsuccessful contact
attempts.

Data collection

Baseline characteristics were age, sex, living situation (institutional care facility or
nursing home care at home), Katz Activities of Daily Living (ADL) score, diagnosis of
dementia, and ASA score [21,22]. Furthermore, intervention characteristics of SDM
were described, including what medical specialists were involved in the shared SDM
process and what decision was made (OM or NOM).

Quantitative patient data including patient characteristics, fracture details and treat-
ment characteristics were partly collected from the DHFA. Other quantitative data
was collected through closed questions with numeric rating scales (NRS) during the
interview including; satisfaction regarding the treatment decision (NRS 0-10), the
valuation of the amount and content of information received (NRS 0-1 and NRS 0-5),
and if there was enough attention for patient’s needs/wishes (NRS 0-1). Questions are
listed in Supplemental document S1. Quantitative data were pseudonymized and then
captured using Castor Electronic Data Capture.

Qualitative data were collected through open ended questions following the closed
questions, to gain a thorough understanding of experiences and perceptions of the
participants on the SDM process. The interviews were recorded and stored on a secure
server.

Data analysis

Quantitative data were analyzed using SPSS software version 28 (IBM, Chicago, II.,
USA). A descriptive analysis was performed for baseline characteristics and outcome
measures. Variables were tested for normality using the Shapiro Wilk’s test. Continuous
data are reported as median with 1* and 3" quartiles and categorical data are reported
as numbers with percentages. Continuous data for the operative versus the nonopera-
tive groups were compared using a Mann-Whitney U-test, and categorical data were
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compared using a K2 test or Fisher exact test, as applicable. Statistical significance was
assumed at a 2-sided P value of <0.05.

Qualitative data were analyzed using ATLAS.ti (version 23.1.1.0). The semi-structured
interviews were executed and transcribed ad verbatim either by PCO or MLZ. A the-
matic analysis following the six-step framework by Braun and Clark (2006) was con-
ducted [23]. After independent familiarization with the data, initial coding, searching
and identifying key themes was be done by PCO and MLZ. An inter coder agreement
meeting was held until final inter coder agreement was reached [23,24].

Ethical Considerations

This study is a part of the NOM-implementation project, which was approved by the
local Medical Research Ethics Committee Erasmus MC (MEC-2023-0270, approval
data May 10, 2023 and Medical Ethics Committee United (W23.083, approval data
April 26, 2023). The project is registered at ClinicalTrial.gov (NCT06079905, 11-10-
2023). Patients and proxies were asked for informed consent to be contacted for the
interview and could opt-out during the interview at any moment.

Results

Participants and baseline characteristics

A total of 172 frail older adults and/or their proxies, were engaged in SDM regarding
OM or NOM for hip fracture treatment (Figure 2). Following SDM, 96 participants
consented to being approached for an interview. Of these, 11 participants could not be
reached despite repeated attempts and five withdrew consent. In total 80 participants
were interviewed. All interviews were conducted with a proxy, except for one that was
held with an operated patient. In 28 (35%) patients OM was chosen and in 52 (65%)
patients NOM was.

Total population

N=167
Excluded: n=87
No interview permission: n=71
Not able to contact: n=11
Retracted permission: n=5
Included: n=80

NOM: n=52 (65%)
OM: n=28 (35%)

Figure 2: Flowchart of included patients
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The median age was 87 (P,5-P75 83-92) years and 55 (69%) of the patients were female
(Table 1). Prior to the trauma, 49 (61%) patients resided in institution care, 22 (28%)
were community-dwelling with daily ADL care. Nine (11%) patients were community-
dwelling without daily ADL care but with a qualification for long-term care under the
Dutch Long-Term Care Act. A significant difference (p=0.007) in pre-trauma mobility
was observed between the OM group, with 3 (11%) patients being independent, and
the NOM group, with 9 (18%) patients mobilizing independently. In the total popula-
tion the median hospital length of stay was 4 days (P,5-P;s 1-8), with a significant dif-
ference (p<0.001) between the OM group (8 days; Pys-P-s 3-10) and the NOM group
(2 days; Pys-P55 1-5). Significantly fewer patients in the OM group had died at the time
of the interview (3 patients; 11%), than patients in the NOM group (40 patients; 77%;
p<0.001).

Table 1: Baseline characteristics

Total population Operative Nonoperative  P-value
(n=80) (n=28) (n=52)

n* n* n*
Age (years) 80 87(82-92) 28 85(82-92) 52 87(83-92) 0.496
Females 80 55(69%) 28 17(61%) 52 38(73%) 0.314
Pre-trauma living status 80 28 52 0.476
Community dwelling without daily ADL care 9 (11%) 3 (11%) 6 (12%)
Community dwelling with daily ADL care 22 (28%) 10 (36%) 12 (23%)
Institutionalized 49 (61%) 15 (54%) 34 (65%)
Pre-trauma mobility 77 28 49 0.007
Independent 12 (16%) 3 (11%) 9 (18%)
With 1 or 2 aids 38 (49%) 21 (75%) 17 (35%)
Only within own home 20 (26%) 3 (11%) 17 (35%)
Not functional 7 (9%) 1 (4%) 6 (12%)
Dementia diagnosis 80 46 (58%) 28 13 (46%) 52 33 (64%) 0.161
HLOS (days) 80 4(1-8) 28 8 (3-10) 52 2 (1-5) <0.001
In-hospital mortality 80 6 (8%) 28 1 (4%) 52 5(10%) 0.659
Discharge location 74 27 47 <0.001
Own home (with care) 5 (7%) 1 (4%) 4 (9%)
Care home 49 (66%) 14 (52%) 35 (75%)
Rehabilitation institution 12 (16%) 12 (44%) 0
Hospice/other 8 (11%) 0 8 (17%)
Mortality at time of interview 80 43 (54%) 28 3 (11%) 52 40 (77%) <0.001

Data are shown as median (P,5-Pss) or as n (%). n* refers to the number of patients for whom data were
available.
ADL, activities of daily-life; HLOS, hospital length-of-stay; MUST, malnutrition universal screening tool;

SNAQ, short nutritional assessment questionnaire.
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The SDM process often took place at multiple locations. SDM was at least partly
conducted in the emergency department for 30/66 (46%) patients and/or at the in-
patient ward for 50/66 (76%) patients (Supplemental Table S2). In addition, in two
patients (3%) it was partially conducted in the preoperative holding department. Data
was missing about the exact location of- and the specialties participating in SDM in
respectively 14 and 3 patients.

Table 2: Outcomes of questionnaire on overall treatment satisfaction and SDM process

Total population” Operative Nonoperative
n* n* n* P-value

Overall satisfaction (NRS of 0-10) 80 8 (7-9) 28 9 (8-9) 52 8 (7-9) 0.111
Information amount
Too little 78 15(19%) 27 7 (26%) 51 8 (16%) 0.528
Sufficient 59 (76%) 19 (70%) 40 (78%)
Too much 4 (5%) 1 (4%) 3 (6%)
Missing information (Yes) 78 23 (30%) 10 (37%) 13 (26%) 0.308
Enough attention for patients wishes (Yes) 80 74 (93%) 28 27 (96%) 52 47 (90%) 0.659

Data are shown as median (P,5-P7s) or as n (%). n* refers to the number of patients for whom data were
available.
NRS, numerating rating scale
*All interviews were conducted with a proxy, except one operative case, in which the patient was inter-

viewed.

Satisfaction regarding the chosen treatment after SDM

The overall satisfaction with the chosen treatment was scored with a median of 8 (Ps-
P,5 7-9; Table 2). In the total population, 59/78 (76%) of the participants described
the information as sufficient, 15 (19%) participants perceived the information as
being too little and four (5%) as too much. Information was sufficient in 55 (71%)
participants and 73 (91%) participants felt that healthcare providers adequately con-
sidered and respected the patient’s wishes. Two proxies could not answer the questions
regarding the content and volume of information as they were not present during the
complete SDM process. The patient’s wishes were adequately considered in 27 (96%)
participants of the OM group and in 47 (90%) participants of the NOM group. No
statistical significant differences between the satisfaction, amount and content of the
information and the attention for patient’s need/wishes were recorded between the OM
and NOM groups.
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Perceptions about the SDM process

Trough thematic analysis three themes were identified, describing underlying percep-
tions and contextual factors. The first two align with the quantitative questions; ‘the
SDM conversation techniques’, comprising four subthemes (S1-S4), and ‘the informa-
tion content and volume’ comprising three subthemes (I1-13). Lastly, an additional
theme ‘logistics’ was identified, with two subthemes (L1-L2). These themes and sub-
themes are presented as follows:

SDM conversation techniques

S1: Orchestrating SDM: creating space for a balanced dialogue

The way the SDM conversation was experienced played an acknowledgeable role in the
satisfaction with the chosen treatment. Participants responded positively to the infor-
mation and were satisfied when the advantages and disadvantages of the options were
discussed in balanced dialogue. The availability of options was sometimes unexpected
and deemed as a choice between “two evils” or “two unfavorable scenarios”. When no
choice was available, decisions framed as SDM were perceived as directive, especially
if they felt pressuring, one-sided, or when it gave the impression that the patient was
unvalued. In several cases healthcare providers acknowledged treatment options were
not equivalent. For instance, when elevated surgical risks were identified and openly
discussed, these risks often guided conversations towards choosing NOM as the defini-
tive decision. Some proxies perceived this directedness as supportive and felt reassured
and strengthened in the decision making process. However, others described a different
experience, stating that the process was steered in a way that left other treatment op-
tions unknown to both patient and proxies.

S2: Conversation techniques: honest, open and personal discussions
Conversations perceived as blunt were linked to word choice, the impression of be-

ing dismissed, and the delivery style. Although avoiding sugar-coating was important,
participants considered depersonalization—focusing on statistics rather than the indi-
vidual—as harsh. Consequently, incorporating patient’s perspective was found relevant,
extending beyond the advantages and disadvantages of treatment. Additionally, involv-
ing patients actively in the conversation strengthened the participants perceived sense
of engagement with the healthcare provider, even if the patient suffered from (partly)
cognitive impairment due to dementia. Addressing the patient directly was perceived as
respectful and contributed to overall satisfaction.

S3: Providing time to talk and time to think
Participants perceived that when enough time was allocated for a calm conversation, it

helped both patients and proxies feel understood and supported. The demeanor of the
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healthcare provider played a crucial role; standing during the conversation gave the im-
pression that the healthcare provider was in a rush, adding pressure to make decisions
quickly. The possibility to ask questions and seek clarification, both during and after
the conversation was important. The emotional intensity of the acute situation and the
sudden need for decisions often made it challenging to fully and instantly comprehend
the information. Some participants initially focused on listening and engaged more ac-
tively at a later stage. This approach allowed time for reflection, facilitating meaningful
conversations. Offering time to think and deferring decisions when possible, reduced
feelings of overwhelm and increased confidence in the choices made.

S4: The ‘Sharedness’ in SDM, before and throughout the process

Providing an opportunity in the conversations for patients or their proxies, to discuss
their preferences and considerations, played a key role in their involvement in the con-
versation. It gave them the experience of being an active partner in the SDM and they
felt supported in this process. Understanding a loved one’s wishes through prior end-of-
life discussions or advance care planning, improved the experience of the conversation
and enabled proxies to reflect on the SDM with greater satisfaction. This was also the
case when patients could openly express their preferences themselves.

Information: content and volume

I1: Quality and completeness of information: facilitating understandin,
and engagement

In general, participants were satisfied with the content and quantity of the information
provided. Effective communication was characterized by clear explanations and hon-
est discussions. The opportunity to ask questions contributed to the completeness of
the information. Simple, well-formulated points, presented in a manner that avoided
overwhelming the recipients, were particularly appreciated. Gradual delivery of infor-
mation allowed patients and/or proxies to process the details at their own pace. When
information was deemed insufficient, it was often due to the absence of key details,
which hindered a comprehensive understanding of the situation and could lead to a
negative perception of the SDM process in hindsight.

12: Missing or incomplete information: complications, aftercare and
expectations

The most frequently missing information pertained to the aftercare trajectory, which
was often incomplete or unclear. Accurate details about technical options for fracture
management, the likelihood of pain block effectiveness, and mortality risks were con-
sidered essential. Furthermore, participants frequently noted a lack of detailed informa-
tion about potential complications and their severity for both OM and NOM. They
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also highlighted the absence of outcome information specifically tailored to the indi-
vidual patient. The absence of information was often perceived as leading to unrealistic
expectations. In a few cases, when NOM was chosen, end of life care and short survival
times were at odds with initial expectations. If the outcomes after a decision fell short
in what proxies anticipated on, it influenced their satisfaction or created doubt in hind-
sight. Some proxies expressed post-decision doubts. In OM complications and difficult
rehabilitation outcomes contributed to these doubts. Overly optimistic expectations
were perceived as mentally burdensome. In a few cases, survival after NOM exceeded
expectations, and when comfort and pain relief were achieved, this was deemed accept-
able. However, when adequate pain management was not achieved, it was distressing.

I3 The role of patient information materials in communication

Printed patient information materials were not often used. If they were used partici-
pants underlined it could not substitute for direct conversations, accessible explanations
remained essential. Some participants expressed a desire for patient information materi-
als, contrariwise a minority indicated they did not feel a need for this. However, written
materials alone were not always sufficient, as some patients were unable to engage with
text-based resources due to language skills or eyesight. Participants emphasized that
supportive materials did help or could have helped align expectations regarding after-
care and the possibility of end-of-life outcomes.

SDM Logistics

Li: Location matters

SDM solely in the emergency department was often described as fast-paced, disorga-
nized, hectic, or unsettling. The experiences were more positive when discussions took
place in a private setting. SDM in the emergency department was frequently perceived
as being communicated in a directive manner. In contrast, on the hospital ward, par-
ticipants felt there was more time and space for discussion. In addition, information
was perceived as more complete, expectations were better outlined, there was more
openness and time for reflection.

L2: The importance of a multidisciplinary approach

A multidisciplinary perspective was perceived as valuable. Conversations that included
input from multiple specialties were viewed as more thorough and complete. When col-
laboration was inadequate, proxies perceived the SDM process as incomplete and more
often stated it was lacking attention to detail. The role of geriatricians and geriatric
nurses was highlighted as beneficial. Effective communication between the hospital and
care facilities, both before and after discharge, was deemed essential. Clear agreements
made in advance contributed to more informed and deliberate decision-making.
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Table 3: Quotes per theme

Themes

Quotes

Satisfaction in

SDM
Balanced dialogue

Honest and open
discussions

Time to talk and
think

Information

Quality and com-
pleteness

Missing or incom-
plete information

Supportive materi-
als

272

‘Tam, in principle, satisfied with the conversation, only at that moment, it was no longer a joint
decision. So then it will come out lower than that generous 8, yes. Yes, I can honestly say, I was
absolutely not dissatisfied with it. So yes, a 6 would be fine, and maybe even a bit higher. But

look, as I just said, we were certainly aware that our father no longer had a strong body.’

‘But maybe it was a tactic, or maybe it was a way to test. I don’t know, of course, but that
surgeon was not very positive right from the start, so to speak. The surgeon clearly had a prefer-

ence. And the geriatrician too...”

‘It came like a bolt from the blue, but they [the doctors] explained it very clearly. They didn’t
beat around the bush. They simply said, this is the choice you have, and my friend, based on
that information—and it was brief but very clear—just made his decision and said, I don’t want
that”

“There was just calmness in the conversation. It was explained calmly and then again to my
mother, you know. It didn’t happen in five minutes; they really took the time. I found that very

pleasant. 1.

‘at that moment, it just happens to you. You're standing there, and youre not actively thinking
about it, so you accept things. You don't really get the chance to think it through properly

because, yes, the process starts immediately’.

‘there were silences where she was thinking, and there was patience for that. I really appreciated

how much patience there was to listen to her.’

‘that [the information] was exactly enough. It was very.... I also asked for very honest informa-
tion. Like, don’t beat around the bush, just honestly say what the advantages are for one option
and what the advantages could be for the other. And, of course, also the disadvantages. And it
was really, yes, very helpful in making a decision’

“That my mother could have ended up in a wheelchair or something similar—that we had
talked about. But when I saw how things went, we hadn’t realistically imagined it at all. The

chances were extremely small. And that wasn’t entirely clear to us.”

‘But they could have explained better what complications you can have at her age. Because I
heard that if you're at this age and have dementia, then after an operation, you might pass away
within a few days.’

“That [patient information materials] could maybe be better in the future. Definitely a leaflet
beforehand. Then you can calmly read what to expect and how it’s going to proceed. Yes, that
kind of information.’

“Well, T don’t know if the things we're discussing now would be included in such a booklet. The
options, the consequences, and the risks. If that were included, it might be useful. Because we
did sit around for a while or stayed with him, maybe you'd read it during that time.’
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SDM logistics

Location matters ~ ‘No, it really happened in the emergency room. In a separate room, so where my mother was
lying, that's where it was communicated. Yes, no, that was fine. We all know they’re busy, so he
was being called in the meantime. But yes, you know, that’s just how it is.”
‘We spoke with the attending doctor, or yes, the attending surgeon, in the ER. He didn’t
encourage surgery, so to speak. And then later also with the geriatrician, who eventually came to
the ward, so to speak, with more time and opportunity to talk. For a more in-depth conversa-
tion.”

Multidisciplinary ~ ‘But if I may make a recommendation, I would say, have all the parties, all the people who are

approach directly involved in care, be present during that conversation.’

‘It really are the medical specialists who don’t listen to each other, don’t even look at each other.
And I think there’s a lot to gain there. In healthcare in general, if people, especially medical
specialists, share their knowledge and findings with each other.’

SDM, shared decision making

Practical implications and recommendations

The findings from the themes described above have been translated into practical im-
plications and recommendations to guide healthcare providers with SDM for frail older
adults with a hip fracture in daily practice. These recommendations are summarized
and presented in Table 4 in the discussion section.

Discussion

SDM in frail older adults with a hip fracture is increasingly recognized, as both OM
and NOM are viable treatment options in this select group of patients. Implement-
ing SDM with frail older adults selected for OM or NOM could contribute to better
experiences and higher satisfaction of both patients and proxies. This study showed
that after SDM most participants were satisfied with the final decision. Acknowledging
patient’s frailty and ensuring consistency with their treatment were fundamental fac-
tors. Although decisions and the SDM process were challenging, access to adequate and
honest information was fundamental to making informed choices. Key details includ-
ing technical aspects of the fracture and treatment options, complications, and details
regarding the aftercare were often missing, although these aspects are deemed vital in
this conversation. A calm, open environment with sufficient time allocated was viewed
as beneficial to the decision satisfaction. Practical implications and recommendations
on preparing the SDM process, conducting SDM, and providing appropriate after care,
are described in Table 4. These are intended to guide healthcare providers during the
SDM process with frail older adults with a hip fracture and their proxies.
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Several previous studies have described treatment satisfaction after OM and NOM for
hip fractures in frail older adults [5,10]. However, this is the first study investigating
proxy perspectives on specifically the SDM process. Previous research in other ortho-
pedic/trauma patient populations have shown implementing SDM was associated with
better treatment satisfaction and therapy adherence [25]. Nevertheless, limited access to
information and preparation for both healthcare providers and patients is identified as
a barrier to orchestrating SDM in frail older adults with a hip fracture [9]. Nationwide
implementation efforts are in progress to address this issue, and the recommendations
from this study could contribute to this progress and will be described in the national
implementation guidelines. [14]. Despite high treatment satisfaction, not all partici-
pants in the current study found the SDM process satisfactory in term of information
quantity, quality, or inclusion of patient’s/proxy’s preferences. Providing patients and
proxies with complete, neutral information is crucial to help them understand treat-
ment options and manage expectation. This study emphasized the need to share out-
come information tailored to the individual, as outcome probabilities are calculated
based on population data. Patient and proxies should be made aware that unexpected
outcomes may occur and that predicting an individual’s prognosis is challenging. Al-
though decision aids can support this process, they are not always used or available
[26,27]. If used, they should be readily available, for example a hip fracture decision aid
could be a valuable tool to provide guidance for the SDM process [28]. A commonly
cited challenge in SDM is achieving ‘sharedness’ in the decision process, which includes
the belief that patients want healthcare providers to make decisions or that informed
consent equates to SDM [29]. As, previous literature have described, a decision is rarely
truly shared equally, but this sharedness can be seen as a spectrum from patient-driven
decision-making to physician-driven decision-making [4,30]. Therefore, it is important
to explore patient’s goals of care together with what role they prefer in the decisions
process.

This study provides clear objectives and recommendations for improving SDM for
frail older adults with a hip fracture in clinical practice. There are, however, several
limitations. The perspective of only one patient could be included in this study, due
to early mortality or cognitive limitations proxies were interviewed in all other cases.
While a frequent practice in research in this population, true patient reported data
could provide further valuable insights in satisfaction and decision making among frail
older patients.
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Table 4: Shared decision making in frail older adults with a hip fracture: practical insights and recom-
mendations

Steps to guide the SDM process

Prepare

Choose a multidisciplinary approach, include healthcare providers from trauma/orthopedic and geriatric care
and additional relevant specialties.

If options are unclear or uncertain, first discuss the options with involved specialists before engaging in SDM.

If options are not equivalent, they should not be introduced as equivalent options in a shared decision making
matter.

Otrchestrate SDM in the inpatient ward as the ED is often to hectic.

Allocate enough time for the conversation, take time to sit down.

A balanced SDM conversation

Carefully introduce both options (availability of nonoperative management can be unexpected)
Direct and honest information is important.

Actively involve the cognitive impaired patient in the conversation.

Discus (dis)advantages of both options and including key details, be clear about technical options, complications
and after care.

Give the possibility to ask (future) questions and plan a second conversation if needed.
Use patient information materials and provide them
Aftercare

Ensure that information is transferred accurate and efficient between the hospital and aftercare providers.

SDM, Shared decision making; ED, emergency department.

As numbers of included patients differed greatly between including hospitals and sev-
eral participants could not be reached or declined, it is possible that patients have been
missed. The authors limited the inclusion criteria to a very frail hip fracture population,
similar to the nationwide implementation study and previous research [14,31]. How-
ever, to our knowledge SDM on OM and NOM is performed in a wider range of pa-
tients in several Dutch hospitals. This population may have different satisfaction rates
or may encounter other problems in information needs or expectation management.
Furthermore, although SDM followed a standardized format variations in the clinical
setting, namely the high-pressure environment of the emergency department compared
with a calmer ward, may have influenced the way SDM was conducted. These differ-
ences could have impacted the experiences of proxies, highlighting an important impli-
cation for daily practice. Moreover, individual experiences or developments following a
decision may shape both treatment satisfaction and the perception of the SDM process.
Data for some patients were not collected or missing due to incomplete data in the
DHFA. Lastly, the personal experiences and professional background of the involved
researchers may have introduced bias throughout (qualitative) data collection, analysis,
and interpretation.
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A substantial proportion of (Dutch) surgeons have shown gaps in their understand-
ing of SDM and find it challenging to accomplish or implement without guidance
[26,32,33]. Training healthcare providers in SDM and using a dedicated protocol for
implementation, like the one related to this study, may help improve on these points
[14]. In this SDM trained context, participants were satisfied with the SDM process
and final decision but show several aspects that need improvement. The insights from
this study, as described in table 4, wil be used to enhance clinical implementation of
SDM for frail older adults with a hip fracture.

Conclusion

This study showed that after SDM frail older adults and their proxies were generally
satisfied with the final decision on hip fracture treatment. Several important factors
contributing to satisfaction in the SDM process were a balanced dialogue, enough al-
located time, a multidisciplinary approach, and adequate sharedness of the decision.
Healthcare providers should provide patients with neutral but realistic information
on technical aspects, complications, and aftercare. This study’s recommendations for
daily practice could further enhance clinical implementation of SDM for operative and
nonoperative hip fracture treatment in frail older adults.
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Supplemental tables

Supplemental Table S2: Location(s) of SDM and participating health care providers

Total population Operative Nonoperative
n* n* n*
Location of SDM* 66 24 42
Emergency department 30 (46%) 5(21%) 25 (60%)
Ward 50 (76%) 22 (92%) 28 (67%)
Preoperative holding 2 (3%) 0 2 (5%)
Specialties participating in SDM* 77 27 50
Orthopedic- or trauma surgery 33 (43%) 15 (56%) 18 (36%)
(Orthopedic-) Surgery resident 29 (38%) 9 (33%) 20 (40%)
Geriatrician 42 (55%) 18 (66%) 24 (48%)
Emergency physician 2 (3%) 0 2 (4%)
Physician assistant GTU/trauma surgery 18 (23%) 4 (15%) 14 (28%)
Others" 7 (9%) 0 7 (14%)

Data are shown as median (Ps-Ps) or as n (%). n* refers to the number of patients for whom data were
available.

*Participants can have had (part of the) SDM process at various locations with multiple healthcare providers
from different specialties.

GTU, geriatric trauma unit; SDM, shared decision making

*Other specialties includes: Pulmonary medicine, cardiology, and/or intensive care medicine.

N
-l
o
2

)
&
=
-

279



Chapter 10

Supplemental Table S3: Additional patient characteristics, including fracture type, operation charac-

teristics and in-hospital complications

Total population Operative Nonoperative

n* n* n*
Fracture type 74 28 46
Femoral neck 46 (62%) 15 (54%) 31 (67%)
Trochanteric 27 (37%) 12 (43%) 15 (33%)
Subtrochanteric 1 (1%) 1 (4%) 0
ASA score 36 27 9
2 3 (8%) 2 (7%) 1 (11%)
3 18 (50%) 15 (55%) 3 (33%)
4 15 (42%) 10 (37%) 5 (56%)
Operative fixation 28 28 NA
Hemiarthroplasty 15 (54%) 15 (54%) NA
Intramedullary nail 13 (46%) 13 (46%) NA
In-hospital complications 80 28 52
Any 14 (18%) 11 (39%) 3 (6%)
Anemia 3 3 0
Delirium 10 7 3
Fall 1 1 0
Heart failure 1 1 0
Kidney failure 1 1 0
Pneumonia 1 1 0
Pressure sores 1 1 0
UTI 2 1 1

Data are shown as median (P2s-P7s) or as n (%). n* refers to the number of patients for whom data were

available.
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Discussion and Future perspectives

In this chapter the answers to the research questions posed in the three parts of this
thesis are discussed and situated within a broader scientific context. It details how the
results of the included studies support these conclusions and how those align with ex-
isting knowledge on the relevant subjects. Additionally, it explores how the results can
be applied to guide future research and to enhance the quality of care for hip fracture
patients.

Part I: Epidemiology and burden to society

Hip fractures are not only a disease from the past but certainly one for the future. In
the past decades several authors warned for a growing hip fracture epidemic (1-4). This
prediction has come true. After the already significant increase in incidence rates of the
previous decades, Chapter 2 shows that crude numbers and population wide incidence
rates of hip fractures have continued to increase. The overall incidence rate of femoral
neck and trochanteric fractures increased by 22% between 2000 and 2019. However,
among older adults (>65 years), a decreasing trend was found, of 37%), despite increas-
ing crude numbers. This decrease was primarily pushed by a decrease in incidence in the
female population and is in line with similar trends found in other ageing populations,
such as Japan or other European countries (5-7). Reasons for this decrease can be found
in the larger increase of the elderly population due to increased life expectancy and
decreasing birthrates among younger generations. Many older adults reach higher ages
with better mobility, cognitive function, and less functional impairment (8). Another
part, outside of the scope of this thesis, might be due to active and effective osteo-
porosis prevention and fall prevention campaigns (9, 10). There are, however, specific
populations of interest. Among older male patients the incidence remained relatively
stable over the first two decades of the century and incidence among the oldest males
(>90) has even surpassed the declining female incidence rates. With other literature
describing that osteoporosis among older men is still under-screened, underdiagnosed,
and undertreated, more attention on prevention and treatment of osteoporosis and fall
risk in this population is warranted (11). In addition, the ‘oldest old’ population (>80
years) is expected to double in size among both males and females, a population with
prevalent frailty and an increased risk of both hip fractures and associated complica-
tions (12). While the incidence may be decreasing, the wave of fractures has not passed
and will continue to put further pressure on our healthcare system.

Subtrochanteric fractures, accounting for only about 5% of all hip fracture admissions
and more often associated with pathological or atypical fractures, followed a different
incidence pattern (13, 14). Chapter 3 described a decreasing incidence rate of 15%
over the whole Dutch populations but also a decrease of 42% for older adults over 65
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years. This effect was again larger for female patients but both males and females showed
a decreasing trend, contrary to previous international studies on the subject (15, 16).
Previous studies linked their increasing incidence rates to increased bisphosphonate
usage (15, 16). Specific medication was outside of the scope of our analysis but, since
implementation in 2011, a new general practitioner guideline reduced the number of
annual bisphosphonate subscriptions by 11% (17). However, the decreasing trend in
fracture incidence was already clearly visible before 2011 and might be more related to
a general increase in (hip) fracture and osteoporosis prevention campaigns, medication
and awareness, than a decrease in bisphosphonate usage. While also often described as
a fracture type with a bimodal age distribution, with a peak at young/early adult age
and a peak al older age, the national trauma registration data, described in Chapter 3,
found no such a pattern. Younger male patients did, however, show a higher incidence
rates than female patients. These small differences between the sexes, all below 0.6 per
100,000 person years, are overshadowed by incidence rates well over 50 per 100,000
person years for older patients. Speaking of a true bimodal distribution would thus be
an overstatement.

While Chapter 2 and 3 show decreasing numbers for overall hospital length of stay
(HLOS) from a mean 18 days in 2000-2004 to only seven days in 2015-2019. This is
likely due to several developments, including the implementation of dedicated clinical
pathways, new surgical techniques and rehabilitation, and changes the organization of
healthcare that moved a large proportion of rehabilitation outside of the initial hospital
stay (18, 19). Despite this reduction, the total impact on our health system is still high
with a cumulative annual HLOS of 86,439 days for femoral neck, 56,363 days for
trochanteric, and 5,410 days for subtrochanteric fractures. This is equivalent to a total
of 406 hospital beds continuously occupied by hip fracture patients all year round, or
about 1% of all available beds in the Netherlands. These fractures have more impact
than hospital stay alone. The associated healthcare related costs are considerable with
€17,723 for male patients and €23,351 for female patients. The costs per patient are
higher than those of other fracture types, and hip fracture is the most costly fracture in
total health care costs and poses a significant strain on national health care expenditure
(20-22). The Dutch National Institute for Public Health and the Environment reported
a total health care cost for hip fractures in 2007 of €378M (0.39% of the total yearly
health care expenditure) (23). This increased to €461M in 2019 (0.48% of total expen-
diture). While secondary costs due to loss of productivity play only a marginal role due
to the high age of the large majority of hip fracture patients, the studies described in
Chapter 2 and 3 could not calculate costs made by care provided by next-of-kin and
possible work absence due to informal social care (“mantelzorg”). These costs might be
substantial and put further strain on our already decreasing available workforce (24). In
short, hip fractures are an epidemic both the current and next generations will have to
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deal with, both as medical professionals, policy makers, and as informal caregivers for
those around us.

Part II Fixation of (stable) trochanteric fractures

Treatment of trochanteric fractures has been an topic of debate for decades (25-27).
While historically there was a clear advantage for extramedullary fixation, the introduc-
tion of new generations of intramedullary designs and fixation techniques have erased
this gap (25, 28). However, the question of superiority for the most common subgroups
(AO type Al or A2) of trochanteric fractures remains ongoing. The systemic review of
recent literature from Chapter 4 showed that the differences between both fixation
strategies for (stable) type Al fractures are negligible. Only in terms of intra-operative
blood loss (92 ml) and operation time (14 min), slight advantages for intramedullary
fixation were found, although with very high heterogeneity between included studies,
likely due to international differences and differences between specific implants. The
similarly conducted meta-analysis from Chapter 5 found different results for type
A2 fractures. It found statistical advantages for intramedullary fixation on functional
outcomes (Harris Hip score and Parker mobility score) after one year and an elevated
risk of nonunion, fixation failure, and superficial infections for extramedullary fixa-
tion. However, the absolute differences in functional outcomes remained below clinical
relevance thresholds and complications were rare in both groups. Both devices can thus
be considered adequate treatment options for both fracture subtypes based on their
clinical outcomes. Large randomized studies were found to be lacking in both reviews
but their findings were again confirmed in a very recent large international multicenter

RCT (29).

The most recent Dutch national guideline advises both extramedullary and intramed-
ullary devices for AO type A2 fractures but favors extramedullary devices, or more
specifically sliding hip screws, for type Al fractures (30). The reason for this advice
is the lower average unit cost of extramedullary devices, about 500-1000 euros, de-
pending on specific retail contract (31-33). Because of the high volume in annual hip
fracture surgeries this, seemingly modest, difference can make a significant impact on
a national level. A cost reduction of 500 euros in about half of the approximate 8000
trochanteric fractures could save two million euros annually. Contrarily, Chapter 6
shows that despite the guidelines advice, over 80% of patients with type Al fractures
in multiple high volume Dutch hospitals was treated using intramedullary devices. The
subsequent analysis the outcomes of patients with type Al fractures again confirmed
little to no differences between the groups after three months. In concordance with
previous Dutch and international publications and the meta-analysis of Chapter 4, it
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also found no differences in in-hospital complications, HLOS, or mortality (34, 35).
Comparative analysis of type A2 data even proved too difficult as >95% of patients
was fixated using intramedullary devices. The study described in Chapter 6, comparing
outcomes of extramedullary and intramedullary fixation, did find an indication for a
possible advantageous effect in favor of intramedullary fixation for faster improvement
of mobility up to three months. Other studies also reported this effect (31, 36). This
might indicate that intramedullary fixation has advantageous effects on mobilization of
patients in the months after surgery, which may have beneficial effects on both fracture
healing and quality of life. We did, however, not see this (as a clinically relevant) effect
in the meta-analysis described in Chapter 4. It may also have been affected by both
selection or survival bias as follow-up data from the DHFA is often incomplete.

This all raises the question whether surgeons should care about device selection in
future care? They should. The skewed device usage for trochanteric fractures in the
Netherlands may start a self-fulfilling prophesy: As surgeons lose day-to-day experi-
ence with certain devices and provide less training opportunity to younger colleagues,
future results may start to falter as well. Especially, as working in a teaching hospital
is associated with intramedullary fixation (37). The decline in extramedullary fixation
usage seems to be largely influenced by surgeons bias, rather than patient- or operation
specific factors, including factors such as training, effective marketing of intramedul-
lary fixation (in the US), lack of knowledge about device costs, and lack of consensus
in international guidelines (37, 38). Although the clear advice of the Dutch guideline
seems to have little effect on the device choice among Dutch surgeons.

To summarize, the chapters included in this thesis confirm that there are no meaning-
ful differences between extramedullary and intramedullary fixation for stable (AO type
Al) trochanteric fractures and find a few, often clinically irrelevant differences, in favor
of the more costly intramedullary devices for AO type A2 fractures. As the costs of
hip fracture treatment are rising within our national budget, clear decisions may be
necessary to ensure cost-effectiveness of care (39). One of the area’s for possible reduc-
tion of costs may be device choice for trochanteric fractures. However, before stronger
arguments for reduction of intramedullary fixation are possible, a large scale cost-
effectiveness analysis should be performed for both stable and unstable trochanteric
fractures. Such a study should ideally be conducted within our own healthcare system,
as the large international differences in how healthcare is organized and financed may
have substantial effects on the results. To make this possible, participating surgeons
would have to temporarily set aside their expert opinions. Additional efforts could
also be made to make surgeons (in training) aware of the costs of implants used and
their less costly alternatives. If physicians make cost-conscious decisions, it is easier for
hospitals to negotiate prices with implant vendors and further reduce costs (40). As
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many hospitals in the Netherlands operate in combined trauma units, both orthopedic-
and trauma surgery teams would need to synchronize their approaches, the uniformity
of instruments in the operating room for the supporting staff, and training of their
residents. To safeguard value based care in the long term, it is adamant to not only
evaluate the results of treatment options but also their cost-effectiveness on a national
level and implement this in the current treatment guidelines. As many hospitals in the
Netherlands operate in combined trauma units, both orthopedic and trauma surgery
teams would need to synchronize their approaches, the uniformity of instruments in
the operating room for the supporting staff, and training of their residents.

Part IIT Nonoperative treatment of frail older hip fracture
patients

Cost- and outcome-sensitive device selection is only one of the areas we can improve
our hip fracture care. As discussed in the introduction of this thesis, the way we view
quality of care has changed over time. Other quality indicators have reached promi-
nence such as patient reported outcome measures and societal costs in the narrow and
wide sense. No longer is only prevention of mortality or complications the highest
cause. As a consequence of this, care is becoming more individualized. Findings that are
‘better’ for a population are not necessarily true for individual patients and vice versa.
This thinking can improve individual quality of life for patients but it also can also
complicate the clinical practice. The old saying “If there is a fracture, fix it” is outdated,
especially among frail older hip fracture patients, and a higher mortality rate can, para-
doxically, be a desired consequence if patients opt for nonoperative management in the

final phase of life.

Since the publication of the FRAIL-HIP study (41), there has been an increase of at-
tention towards nonoperative management (NOM) for frail older hip fracture patients
in the Netherlands. Related projects also showed that nonoperative management
was viable, humane, and cost-effective (42, 43). In the years preceding this thesis the
proportion of patients treated nonoperatively was around 3% in the years 2016-2021
based on Dutch Hip Fracture Audit data (44). A number that can be expected to rise
due to the new evidence provided by the FRAIL-HIP study and related research (45,
46). However much is still unknown and there are many areas to be improved.

It is even questionable, for some patients whether the hospital is the right location to
make the decision between nonoperative and operative management. As described in
Chapter 7, there is a group of patients who could potentially benefit from forgoing
admission and starting (palliative) nonoperative management in their familiar nurs-
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ing home environment. When compared with hospitalized patients, their next-of-kin
showed similar treatment satisfaction and better quality of dying for several aspects of
the final phase of life, despite dying earlier than hospitalized patients. These results are
heavily influenced by the selection of patients, as the non-hospitalized patients and/or
proxies had pre-recorded do-not-hospitalize directives or advanced care plans for the
occurrence of a hip fracture. This would have made them better prepared for the final
phase of life and dying and have improved their preparedness and coping. Although
this is a form of selection bias, it is also a desired effect of advance care planning.
Maintaining quality of life (over prolonging of life) and being with family were previ-
ously identified as more important goals of care than hospital admission and intensive
rehabilitation (47, 48). While advance care planning is often performed for nursing
home residents, hip fractures are not always included specifically (49-51). Improving
this may reduce unnecessary hospital admissions, diagnostics, and reduce their burden
on the patients quality of life. It is easier to reaffirm or adjust a past decision than to
make a new decision at an acute and unforeseen moment. This can relieve the burden
for the elderly care specialist in the acute moments after the fracture, and allow them to
earlier focus on palliative treatment and pain relieve.

To try to provide more tailored care and diagnostics for those patients who are admit-
ted to a hospital, efforts could made to further reduce the number of diagnostic tests
performed in this population. (Trauma-)surgical guidelines on preoperative screening
in older adults with a hip fracture advise restricting diagnostic testing and treatment
to only acute correctable comorbidities or indicated diagnostics (52, 53). However, as
described in Chapter 8 a large quantity and variety of diagnostic tests is performed in
the frail older hip fracture population, both in nonoperatively and operatively treated
patients. Diagnostics that are often, if not always, deviant but almost never result in
additional interventions (e.g. thoracic x-rays without related symptoms or a liver/vita-
min blood panel). Most diagnostics are performed at the Emergency Department, are
often protocolized, and differ between individual hospitals. While there are logistical
advantages of standardized and protocolized diagnostics for all patients, efforts could be
made to implement patient group specific diagnostics and to exclude diagnostics that
rarely have relevant outcomes or should only be performed after a clinical indication
(54). This could reduce both the costs and the burden for patients, especially if they opt

for nonoperative management shortly after admission.

Nonoperative management has become an accepted treatment option in the Nether-
lands and has recently gained also gained international interest in Spain, Canada and
the Scandinavian countries (55-57). However, discussion of the option of nonopera-
tive management was, and is, not implemented in all hospitals on a national scale. In
Chapter 9 of this thesis we proposed a nationwide implementation of shared-decision
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making (SDM) on operative and nonoperative management for selected frail older
patients. During this project an implementation guide was drafted, decision aids for
both patients and medical professionals were created, and the subject was put on the
agenda of the training curriculum for surgeons, and scientific associations. The projects
finished protocol and clinical tools may be used to aid in the future for updating the
Dutch national ‘Guideline for the treatment of proximal femoral fractures’ and ‘Guide-
line for multidisciplinary treatment of operative treatment of frail older adults’ and may
also help updating international treatment guidelines on proximal femoral fractures in
selected frail older adults with a limited life-expectancy. Although the project is not yet
concluded, it is expected to reduce practice variation between hospitals in both patient
selection for (SDM on) NOM and aid in implementation of a universal structured
SDM protocol for frail older adults with a hip fracture (see example in Figure 1). The
finished version of these resources can be found and downloaded through the website of
the Dutch association for trauma surgery (Nederlandse Vereniging voor Traumachirur-

gie) (58).

During the implementation process interviews were conducted with next-of-kin of
these patients after SDM in 14 hospitals. Chapter 10 describes that, like in previous
research, most proxies were content with the chosen treatment (41, 46, 59). What
often seems the deciding factor in these decisions is a combination of the patients’ pre-
fracture frailty and their own wishes and expectations for the final-phase of life (43,
46). While most were also content with the decision making process and the informa-
tion received, several areas of interest were identified. The decision process itself should
ideally be conducted in a suitable quiet location, be conducted after multidisciplinary
(e.g., both surgical and geriatric) consultation, and provide an adequate picture of both
the advantages and disadvantages of the treatment options. This can then be combined
with a patients and/or proxy’s wishes and expectations and lead to a shared decision.
The use of factsheets, patient information documents, or videos can help in this effort
but should not supplant a thorough discussion. Prolonged and badly controlled pain
after nonoperative management was a prominent reason for dissatisfaction. This was
also seen in other studies and is an important problem to tackle in future research and
implementation (41, 43, 60).
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ED MDC Shared decision making after admission

Dedicated meeting Options Patients wishes Decision
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upcoming decision treatment options loved-ones of both options final phase of life decision

Figure 1: Overview of Shared decision making for frail older patients after admission at the emergency
department. ED, emergency department; MDC, multidisciplinary consultation

However, new developments are on the horizon, with pericapsular nerve group (PENG)
and spinal phenol in glycerol (SPING) blocks, to provide better management of pain
after fractures and in the palliative phase (61, 62). PENG blocks are currently under
evaluation in a nationwide prospective registration study (63). While providing extra
options for pain treatment and the expectation of better quality of life and quality of
dying for many hip fracture patients, these methods are likely not the holy grail. What
is more important, is to accurately define with which patients nonoperative manage-
ment should be discussed. As there is no mention of nonoperative management in the
current guideline, future hip fractures guidelines may aid physicians by providing a
target population. This should be done with caution and restraint. Current research
only supports nonoperative management among the most frail patients in the final
phase of life. If the nonoperative option gains increased interest and the pendulum
swings too far towards the more healthy patients, unwanted complications and low
quality of life due to a long survival in a bedridden state might be the result. Several
mortality or complication prediction models for hip fracture patients have been created
and researched and might help choosing the right population for nonoperative man-
agement (64-66). However, while an effective aid in treatment decisions or counseling,
physicians seem to be able to independently identify high risk patients even more ac-
curately (67). Improving and standardizing shared decision making (training) may
provide a better improvement of care than trying to define hard cut-offs for operative or
nonoperative care based on scores or patient characteristics. Ultimately while better
patient selection and novel pain treatment options will improve the outcomes of non-
operative management in the future, I believe, the key to both patient’s satisfaction and
good quality of dying remains the thorough and timely discussion of expectations and
wishes for the final phase of life, ideally conducted before a fracture occurs.
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Summary

Chapter 1 provides a general introduction to the topic. It starts with a brief histori-
cal overview of hip fracture care and describes that hip fractures are one of the most
prevalent injuries and reasons for morbidity and mortality in the elderly population.
The most common subtypes are femoral neck fractures and trochanteric fractures. For
the latter there is an ongoing discussion on extramedullary versus intramedullary fixa-
tion, especially for the stable intertrochanteric fractures, AO 31-Al subtype. A recent
development in hip fracture care is nonoperative treatment of very frail older adults
with a hip fracture. While this seems a promising treatment option for hip fractures in
the final phase of life, there are still many unknowns around decision-making, patient
selection, and treatment. After discussion of these topics, this chapter also provides an
overview of this thesis.

Part I focusses on the epidemiology and societal burden of hip fractures in the Nether-
lands. Due to an aging population the number of hip fractures is increasing. Therefore,
Chapter 2 evaluated population-based trends in incidence rate and societal burden due
to femoral neck and trochanteric hip fractures between 2000 and 2019 in the Nether-
lands. A total of 357,073 patients were included over the twenty year period. The over-
all incidence rate increased by 22% from 16.4 to 27.1/100,000 person years during the
20-year study period. However, age-specific incidence rates in older patients >65 years
decreased by 16% (from 649.1 to 547.6/100,000 person years). Hospital length of stay
(HLOS) decreased in all age groups, both hip fracture subtypes, and sexes from a mean
of 18.5 days to 7.2 days. Due to increasing crude numbers the annual cumulative costs
reached and all time high amount of €425M. Although incidence rate in the elderly
population is decreasing and HLOS is at an all-time low, the burden of medical costs
and crude numbers of proximal femoral fractures is still rising in our aging population.

In Chapter 3 population-based trends in incidence and societal burden were analyzed
for a less common and less studied subtype of hip fracture, the subtrochanteric fracture.
This analysis was again performed on a nationwide level between 2000 and 2019. A
total of 14,399 patients sustained a subtrochanteric fracture in the 20-year study period
and incidence rates dropped by 15.5% from 4.5 to 3.8 per 100,000 person years (py).
Subtrochanteric fractures were associated with total annual costs of €15.5M. Increasing
incidence rates and a bimodal age distribution, described in previous studies from other
European countries, were not found in the Dutch population.

Part II focusses on the comparison of extramedullary versus intramedullary fixation

of trochanteric femoral fractures. A systematic review and meta-analysis, described in
Chapter 4, compared extramedullary fixation and intramedullary fixation for stable
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two-part trochanteric femoral fractures (AO type 31-Al) with regards to functional
outcomes, complications, and surgical outcomes. The review included comparative
studies using only device types currently in use. Five RCTs (397 patients) and 14 obser-
vational studies (21,396 patients) were included. No significant differences in function-
al outcomes, complications, or surgical outcomes/operation characteristics were found
between the extramedullary- and intramedullary fixation groups, except for a small
difference in duration of surgery (mean difference 14.1 min, 95% CI 5.76-22.33) and
intraoperative blood loss (mean difference 92.30 mL, 95% CI 13.49-171.12), favoring
intramedullary fixation. This lead to the conclusion that, based on current literature
there are no meaningful differences in complications, surgical, or functional outcomes
between extramedullary and intramedullary fixation of stable two-part trochanteric
femoral fractures. And both treatment options result in good outcomes. This implicates
that, costs and cost-effectiveness should be taken into account when considering im-
plants or comparing fixation methods in future research.

In Chapter 5 a similar comparison was made between extramedullary versus intramed-
ullary fixation of unstable (AO type A2) trochanteric femoral fractures. This systematic
review and meta-analysis also only included comparative studies on current devices.
Fourteen RCTs (2,039 patients) and 13 observational studies (22,123 patients) were
included. The meta-analysis found statistically superior results for Harris Hip Score
(mean difference 4.09, 95% CI 0.91-7.26), Parker mobility score (mean difference
-0.67 95% CI -1.2 to -0.17), time to full-weight bearing (mean difference 1.14 weeks
95% CI 0.92-1.35), superficial infection, non-union, fixation failure, leg shortening,
time to radiological bone healing, and several operation characteristics. While these
outcomes point towards superiority for intramedullary fixation of type A2 fractures,
most differences were below clinically important difference levels and complications
were rare and heterogenous for both device types. Therefore, complete superiority of
intramedullary fixation remains questionable. Additionally, data on patient reported
outcomes or costs remained sparse.

Chapter 6 investigated outcomes of extramedullary versus intramedullary fixation
of stable (AO type Al) trochanteric femoral fractures in the Netherlands, based on
outcomes from the Dutch Hip Fracture Audit indicator group. This is a subgroup of
six high volume hospitals within the national quality registry (the Dutch Hip Fracture
Audit), dedicated to completeness and quality of data collection. A total of 836 patients
were included; 138 (16%) were treated with extramedullary fixation and 698 (84%)
with intramedullary fixation. While the extramedullary fixation group showed better
mobility at discharge, no meaningful differences between groups were found after
three-months in return to pre-trauma mobility, disability in activities of daily life, or
return to pre-trauma living status. Similar results were found in a subgroup analysis of
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only community dwelling patients. Despite little differences in outcomes and extra-
medullary fixation being the treatment option of first choice by the Dutch Hip fracture
guideline, intramedullary fixation was used in the vast majority of patients.

Part III focusses on treatment decisions on operative versus nonoperative care for
hip fractures in frail older adults. For frail institutionalized or intensive ADL-care
dependent hip fracture patients who opt for nonoperative management (NOM), the
additional treatment benefits of hospital admission and in-hospital diagnostics can be
questionable. Chapter 7 aimed to describe and compare treatment satisfaction and
quality of dying, for patients who were treated nonoperatively after hospitalization and
patients who refrained from hospitalization after a (suspected) hip fracture. It included
data from two previous cohorts of frail institutionalized hip fracture patients. The first
cohort opted for NOM during shared decision making (SDM) after admission and di-
agnostics at the hospital. The second directly started supportive care in their own nurs-
ing home after a suspected hip fracture. Twenty non-hospitalized and 88 hospitalized
patients were included. Median overall treatment satisfaction by proxies was high for
both non-hospitalized (Numeric rating scale 0-10 (NRS): 9) and hospitalized patients
(NRS: 8). Quality of dying was rated higher in the non-hospitalized group (QODD
8.3 versus 7.0). Opting for non-hospitalization after a pre-recorded do-not-hospitalize
directive or shared decision making after a suspected hip fracture may have benefits for
quality of dying in selected very frail older adults when compared with patients who
were hospitalized for diagnostics and in-hospital shared decision making. Hospitaliza-
tion could be prevented for those patients who would prefer familiar care focused on
comfort and quality of life in their final moments.

Chapter 8 evaluated (preoperative and geriatric) diagnostic testing and its consequences
in operatively and nonoperatively treated frail older adults with an acute hip fracture.
Data on clinical consultations, radiological, laboratory, and microbiological diagnostics
were extracted from the medical files of all patients included in the FRAIL-HIP study. A
total of 172 patients (88 nonoperative and 84 operative) were included. A large number
and variety of diagnostics was performed in this patient population. In the whole group
156 (91%) underwent laboratory diagnostics, 126 (73%) chest X-rays, and 23 (13%)
CT-scans. Abnormal test results in laboratory diagnostics or thoracic X-rays were found
for almost all patients and, in majority, appeared to have no direct clinical consequences
or influence on the treatment choice for the hip fracture. To prevent unnecessary diag-
nostics, further prospective research needs to evaluate the clinical consequences and
added value of the separate elements of preoperative diagnostic testing and geriatric
assessment in very frail hip fracture patients around (nonoperative) treatment decisions.
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Recent research has highlighted NOM as a viable alternative for frail older adults with
hip fractures in the final phase of life. Chapter 9 describes a study protocol aimed to
guide Dutch physicians and hospitals nationwide in a standardized implementation
of shared decision making (SDM) regarding surgery or NOM in selected frail older
adults with a hip fracture. The two-year implementation study is being conducted in
four phases. In phases 1 and 2, barriers and facilitators for implementation were identi-
fied and an implementation protocol, educational materials, and patient information
was developed. Phase 3 involved an implementation pilot in 14 hospitals across the
Netherlands. The protocol and educational material were improved based on health-
care provider and patient experiences gathered through interviews. Currently Phase 4
focusses on upscaling to nationwide implementation and measuring the effect of the
implementation on NOM rate using data from the Dutch Hip Fracture Audit.

As part of this implementation effort, interviews were conducted with patients and/or
proxies about their treatment satisfaction and their views on the decision process. In
Chapter 10 qualitative data from a questionnaire on satisfaction and elements of the
decision process was combined with qualitative data from the interviews. This study
showed that while most proxies were satisfied with the chosen treatment, several areas
were identified that are important for a high quality decision process. These included
completeness of information, adequate conversation techniques, logistical consider-
ations, and ‘sharedness’ of the decision process. It is important to not only provide pa-
tients with options but to also explain them, listen to what is important for the patient,
and integrate this information in the shared decision making. To make this possible,
adequate time and preparation for both the healthcare provider and the patient and
their loved ones is important.

Finally, Chapter 11 contains the general discussion, including future perspectives, of
this thesis.
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Samenvatting

Hoofdstuk 1 is een algemene introductie van het onderwerp. Het begint met een korte
beschrijving van de geschiedenis van behandeling van de heupfractuur. Op dit moment
zijn heupfracturen een van de meest voorkomende letsels en een belangrijke oorzaak
zijn van morbiditeit en mortaliteit bij ouderen wereldwijd. De meest voorkomende
subtypen zijn de femurhalsfracturen (ook collumfracturen genoemd) en trochantere
fracturen. Voor het laatste subtype is er discussie over extramedullaire versus intra-
medullaire fixatie, met name bij het stabiele intertochantere AO 31-Al subtype. Een
recente ontwikkeling in de zorg rondom heupfracturen is de niet-operatieve behandel-
ing bij zeer kwetsbare oudere patiénten. Hoewel dit een veelbelovende optie lijkt in de
laatste levensfase, bestaan er nog veel onzekerheden over besluitvorming, patiéntselectie
en behandeling. Dit hoofdstuk biedt vervolgens ook een overzicht van de opbouw van
dit proefschrift.

Deel 1 richt zich op de epidemiologie en maatschappelijke last van heupfracturen in

Nederland.

Door de vergrijzing neemt het aantal heupfracturen toe. In Hoofdstuk 2 werden trends
in incidentie en maatschappelijke impact van femurhals- en trochantere fracturen
tussen 2000 en 2019 in Nederland geanalyseerd. In totaal werden 357.073 patiénten
geincludeerd. De incidentie steeg met 22%, van 16,4 naar 27,1/100.000 persoonsjaren,
hoewel de leeftijdsspecificke incidentie bij ouderen boven de 65 jaar met 16% afnam.
Bij mannen ouder dan 90 jaar overtrof de incidentie die van vrouwen. De gemiddelde
opnameduur daalde van 18,5 naar 7,2 dagen. De jaarlijkse kosten bereikten een piek
van €425 miljoen. Hoewel de incidentie in de oudere populatie afneemt en de gemid-
delde opnameduur een historisch dieptepunt heeft bereike, blijft de last van medische
kosten en het absolute aantal heupfracturen stijgen in onze vergrijzende populatie.

Hoofdstuk 3 beschreef populatietrends in incidentie en maatschappelijke belasting
voor een minder vaak voorkomende en minder onderzochte subtype heupfractuur,
de subtrochantere fractuur. Deze analyse werd op nationaal niveau uitgevoerd tussen
2000 en 2019. In totaal kregen 14.399 patiénten een subtrochantere fractuur in de
20-jarige studieperiode, waarbij de incidentiecijfers met 15,5% daalden van 4,5 naar
3,8 per 100.000 persoonsjaren (py). Subtrochantere fracturen waren geassocieerd met
totale jaarlijkse kosten van €15,5 miljoen. Een, in eerdere studies in andere Europese
landen beschreven, toenemende incidentie en bimodale leeftijdsverdeling werden niet
waargenomen in de Nederlandse populatie.
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Deel II richt zich op de vergelijking tussen extramedullaire en intramedullaire fixatie
van trochantere femurfracturen. Een systematische review en meta-analyse, beschreven
in Hoofdstuk 4, vergeleek extramedullaire en intramedullaire fixatie voor stabiele tro-
chantere femurfracturen (AO type 31-A1) met betrekking tot functionele uitkomsten,
complicaties en chirurgische uitkomsten. Het review omvatte alleen vergelijkende
studies die gebruik maakten van huidige implantaten. Vijf RCT’s (397 patiénten) en
14 observationele studies (21.396 patiénten) werden geincludeerd. Er werden geen sig-
nificante verschillen gevonden in functionele uitkomsten, complicaties of chirurgische
uitkomsten tussen extramedullaire en intramedullaire fixatie, behalve kleine verschillen
in operatieduur (gemiddeld verschil 14,1 minuten, CI 5,76-22,33) en intra-operatief
bloedverlies (gemiddeld verschil 92,30 ml, CI 13,49-171,12), beide in het voordeel van
intramedullaire fixatie. Hieruit werd geconcludeerd dat, op basis van de huidige liter-
atuur, er geen belangrijke verschillen zijn in complicaties, chirurgische of functionele
uitkomsten tussen extramedullaire en intramedullaire fixatie van stabiele trochantere
femurfracturen. Beide behandelopties leveren goede resultaten op. Dit impliceert dat
kosten(effectiviteit) een belangrijke factor zouden moeten zijn bij de keuze voor im-
plantaten of bij vergelijkend onderzoek naar fixatiemethoden in de toekomst.

In Hoofdstuk 5 werd een soortgelijke vergelijking gemaakt tussen extramedullaire en
intramedullaire fixatie van instabiele (AO type A2) trochantere femurfracturen. Veertien
RCT’s (2.039 patiénten) en 13 observationele studies (22.123 patiénten) werden gein-
cludeerd. De meta-analyse vond statistisch superieure resultaten voor de Harris Hip
Score (gemiddeld verschil 4,09, 95%CI 0,91-7,26), Parker mobiliteitsscore (gemiddeld
verschil -0,67, 95%CI -1,2 tot -0,17), tijd tot volledige belasting (gemiddeld verschil
1,14 weken, 95%CI 0,92-1,35), en meerdere andere parameters in het voordeel van
intramedullaire fixatie. Hoewel deze resultaten wijzen op een mogelijke superioriteit
van intramedullaire fixatie bij type A2 fracturen, waren de gevonden verschillen meestal
niet klinisch relevant, was data vaak heterogeen en waren complicaties zeldzaam voor
beide fixatiemethoden. Complete superioriteit van intramedullaire fixatie blijft daarom
discutabel. Tevens blijven gegevens over patiént-gerapporteerde uitkomsten of kosten
schaars.

Hoofdstuk 6 onderzocht de uitkomsten van extramedullaire versus intramedullaire
fixatie van stabiele (AO type Al) trochantere femurfracturen in Nederland, gebaseerd
op gegevens uit de Dutch Hip Fracture Audit (DHFA) indicatorgroep. Dit is een
subgroep van zes hoogvolume ziekenhuizen binnen het landelijke kwaliteitsregister,
gericht op de volledigheid en kwaliteit van gegevensverzameling in de DHFA. In totaal
werden 836 patiénten geincludeerd; 138 (16%) werden behandeld met extramedullaire
fixatie en 698 (84%) met intramedullaire fixatie. Hoewel de groep met extramedullaire
fixatie betere mobiliteit bij ontslag liet zien, werden na drie maanden geen significante
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verschillen gevonden in terugkeer naar pretrauma-mobiliteit, beperkingen in dagelijkse
activiteiten of woonsituatie. Ook een subgroep analyse bij thuiswonende patiénten
vond vergelijkbare uitkomsten na drie maanden. Ondanks de minimale verschillen en
het feit dat extramedullaire fixatie de voorkeursbehandeling is volgens de Nederlandse
richtlijn, wordt intramedullaire fixatie in de meerderheid van de gevallen toegepast in
de onderzochte ziekenhuizen.

Deel III richt zich op besluitvorming tussen operatief versus niet-operatief management
bij kwetsbare ouderen met een heupfractuur. Voor kwetsbare geinstitutionaliseerde
patiénten die kiezen voor niet-operatieve behandeling (NOM), kan de toegevoegde
waarde van ziekenhuisopname en -diagnostick soms twijfelachtig zijn. Hoofdstuk
7 had als doel behandeltevredenheid en kwaliteit van sterven te beschrijven en te
vergelijken bij patiénten die niet-operatief werden behandeld na besluitvorming in
het ziekenhuis en patiénten die afzagen van ziekenhuisopname na een (vermoedelijke)
heupfractuur. Hiervoor werden gegevens uit twee eerdere cohorten van kwetsbare gein-
stitutionaliseerde heupfractuurpatiénten gebruikt. Het eerste cohort koos voor NOM
tijdens gezamenlijke besluitvorming, na opname en diagnostiek in het ziekenhuis.
Het tweede cohort startte direct met ondersteunende zorg in hun eigen verpleeghuis
na een vermoedelijke heupfractuur. In totaal werden 20 niet-gehospitaliseerde en 88
gehospitaliseerde patiénten geincludeerd. De algemene behandeltevredenheid, gemeten
bij proxies/naasten was hoog voor beide groepen: niet-gehospitaliseerde patiénten
scoorden een mediane behandeltevredenheid van 9 op een schaal van 10 en gehospi-
taliseerde patiénten een 8. De kwaliteit van sterven werd hoger gewaardeerd in de niet-
gehospitaliseerde groep (QODD 8,3 versus 7,0). Het vermijden van ziekenhuisopname
na een vooraf vastgelegde ‘niet-insturen’ afspraak of gezamenlijke besluitvorming na
een vermoedelijke heupfractuur kan voordelen hebben voor de kwaliteit van sterven
bij geselecteerde zeer kwetsbare ouderen vergeleken met patiénten die in het zieken-
huis werden opgenomen voor diagnostiek en besluitvorming. Voor patiénten die de
voorkeur geven aan vertrouwde zorg gericht op comfort en kwaliteit van leven in hun
laatste momenten kan worden besloten om af te zien van ziekenhuisopname.

Hoofdstuk 8 evalueerde preoperatieve en geriatrische diagnostische tests en de gevol-
gen daarvan bij kwetsbare ouderen met een acute heupfractuur die operatief of niet-
operatief werden behandeld. Gegevens over klinische consulten en radiologische, labo-
ratorium- en microbiologische diagnostiek werden verzameld uit de medische dossiers
van alle patiénten die waren opgenomen in de FRAIL-HIP-studie. In totaal werden
172 patiénten geincludeerd (88 niet-operatief en 84 operatief). Er werden veel en di-
verse diagnostische tests uitgevoerd bij deze patiéntenpopulatie. Bij de gehele groep on-
dergingen 156 patiénten (91%) laboratoriumdiagnostiek, 126 (73%) een thoraxfoto en
23 (13%) een CT-scan. Abnormale testresultaten kwamen bij bijna alle patiénten voor,
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Chapter 12

en hadden vaak geen directe klinische consequenties of invloed op de behandelkeuze
voor de heupfractuur. Om onnodige diagnostiek te voorkomen, is verder prospectief
onderzoek nodig om de klinische gevolgen en toegevoegde waarde van afzonderlijke
(preoperatieve) diagnostische tests bij kwetsbare heupfractuurpatiénten te beoordelen.

Recent onderzoek heeft aangetoond dat niet-operatief management een goed alternatief
kan zijn voor kwetsbare ouderen met heupfracturen in de laatste levensfase. Daarom
beschrijft Hoofdstuk 9 een studieprotocol gericht op het begeleiden van artsen en ziek-
enhuizen in Nederland bij de landelijke implementatie van gestandaardiseerd samen
beslissen over operatie of niet-operatief management bij deze selecte groep kwetsbare
ouderen. Deze tweejarige implementatiestudie wordt uitgevoerd in vier fasen. In de
eerste twee fasen werden barri¢res en facilitators voor implementatie geidentificeerd
en werden een implementatieprotocol, educatief materiaal en patiénteninformatie
ontwikkeld. Fase 3 omvatte een implementatiepilot in 14 ziekenhuizen in Nederland.
Het protocol en het educatief materiaal werden verbeterd op basis van ervaringen van
zorgverleners en patiénten, verzameld via interviews. Fase 4 richt zich op landelijke
opschaling en het meten van het effect van de implementatie op het percentage niet
operatief behandelde patiénten.

Als onderdeel van dit implementatieproces werden interviews gehouden met patiénten
en/of hun vertegenwoordigers over hun tevredenheid met de behandeling en hun visie
op het besluitvormingsproces. In Hoofdstuk 10 werden kwalitatieve gegevens uit een
vragenlijst over tevredenheid en het besluitvormingsproces gecombineerd met kwalita-
tieve gegevens uit de interviews. Deze studie, waarbij 80 naasten werden geincludeerd,
liet zien dat, hoewel de meeste vertegenwoordigers tevreden waren met de gekozen
behandeling, er verschillende aspecten zijn die belangrijk zijn voor een hoogwaardig
besluitvormingsproces. Dit waren onder andere de volledigheid van de informatie,
geschikte gesprekstechnieken, logisticke overwegingen en de ‘gezamelijkheid” van het
besluitvormingsproces. Het is essentiee] om patiénten niet alleen opties te bieden,
maar deze ook toe te lichten, te luisteren naar wat belangrijk is voor de patiént en deze
informatie te integreren in de gezamenlijke besluitvorming. Om dit mogelijk te maken,
zijn voldoende tijd en voorbereiding belangrijk, zowel voor de zorgverlener als voor de
patiént en hun naasten.

Tot slot worden in Hoofdstuk 11 de algemene discussie en toekomstperspectieven
besproken.

310






APPENDIX




Contributing authors
List of publications
PhD portfolio
Dankwoord

About the author






Appendices

Contributing Authors

Romke Van Balen
Department of Public Public Health and Primary Care, Leiden University Medical
Center, Leiden, The Netherlands

Johannes M. Van Delden
Department of Bioethics and Health Humanities, Julius Center for Health Sciences
and Primary Care, University Medical Center Utrecht, Utrecht, The Netherlands

Taco Gosens
Department of Orthopedics, Elisabeth Hospital (ETZ), Tilburg, The Netherlands

Dennis Den Hartog
Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands

Johannes H. Hegeman
Department of Trauma Surgery, Ziekenhuisgroep Twente, Almelo, The Netherlands

Pieter Joosse
Department of Surgery, Noordwest Ziekenhuisgroep, Alkmaar, The Netherlands

Esther M.M. Van Lieshout
Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands

Sverre A.L. Loggers
Department of Surgery, Noordwest Ziekenhuisgroep, Alkmaar, The Netherlands

Thomas M.P. Nijdam
Department of Trauma surgery, St. Antonius Hospital, Utrecht, The Netherlands

Leendert H.T. Nugteren
Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands

Paulieke C. Oosterwijk
Department of Trauma surgery, St. Antonius Hospital, Utrecht, The Netherlands

315



Appendices

Ruth E. Pel-Littel
Vilans, Center of Expertise for Long-Term Care, Utrecht, The Netherlands

Martien J. M. Panneman
VeiligheidNL (Consumer Safety Institute), Amsterdam, The Netherlands

A. Cornelis Plaisier
Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands

Suzanne Polinder
Department of Public Health, Erasmus MC, University Medical Center Rotterdam,
Rotterdam, the Netherlands

Henk Jan Schuijt
Department of Trauma surgery, St. Antonius Hospital, Utrecht, The Netherlands

Jeroen Steens
Department of Surgery, Dijklander Hospital, Hoorn, The Netherlands

Detlef Van der Velde
Department of Trauma surgery, St. Antonius Hospital, Utrecht, The Netherlands

Michiel H.]J. Verhofstad
Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands

Hugo H. Wijnen
Department of Clinical Geriatrics, Rijnstate Hospital, Arnhem, The Netherlands

Hanna C. Willems
Department of Internal Medicine and Geriatrics, Amsterdam University Medical Cen-

ter, Amsterdam, The Netherlands

Rutger G. Zuurmond
Department of Orthopedics, Isala Hospital, Zwolle, The Netherlands

316



Appendices

Participating collaborator groups

The FRAIL-HIP Study Group also includes the following collaborators:

Lisanne Balemans, Frank W. Bloemers, Janneke Bos, Bart J. Burger, Judella O. Daal,
Annemarieke De Jonghe, Matthea Dijkshoorn, Michael J.R. Edwards, Ellen A. El-
brecht, Miriam, C. Faes, Elvira R. Flikweert, Ellis C. Folbert, Robert D.A. Gaasbeek,
Olivia C. Geraghty, J. Carel Goslings, Mischa M. Hindriks, Micha Holla, André Janse,
Joris A. Jansen, Simone J.M. Jong, Paul J.C. Kapitein, Ydo V. Kleinlugtenbelt, Barbara
E. Kreis, Rover Krips, Koen W.W. Lansink, Michiel Leijnen, Pieter H.W. Lubbert,
Francesco U.S. Mattace-Raso, Marieke C. Meinardi, Joris J. Mellema, Roland M.H.G.
Mollen, Majon Muller, Joost C. Peerbooms, Kornelis J. Ponsen, Rudolf W. Poolman,
Miruna Popescu, Albert E Pull ter Gunne, Bas J. Punt, Gert R. Roukema, Hilde I.E.
Roijen, Jeanine Schukking, Josje Snoek, Charles T. Stevens, Dieneke Van Asselt, Esther
Van de Glind, Cornelis L.P. Van de Ree, Alexander H. Van der Veen, Detlef Van der
Velde, Bart A, Van Dijkman, Sven H. Van Helden, Paul J. Van Koperen, Job L.C.
Van Susante, Romuald Van Velde, M. Remmelt Veen, Ralf W. Vingerhoets, Dagmar I.
Vos, Judith Wilmer, Jasper Winkelhagen, Johan EH. Wold, Robbert A. Zandbergen,
G. (Bert) Ziere

The NOM-Implementation Study Group also includes the following collaborators:
Eelke Bosma, Janneke H. Duits, Henk A. Formijne Jonkers, Justus Jansen, Joris A.
Jansen, Olivia C. Geraghty, Reinier De Groot, Johannes H. Hegeman, Diederik H.R.
Kempen, Aafke M. Van der Knaap, Nick C. Leegwater, Michiel Leijnen, Huub A.A.M.
Maas, Nikki M.F. Noorda, Marieke Peters-Kop, Albert E Pull ter Gunne, Tom M. Van
Raaij, E. Marlies Regtuijt, Gert R. Roukema, Niek C. Schepel, Dawi Van der Stap,
William A.H. Van der Stappen, Evelien Sohl, Matthijs . Somford, Jeroen Steens, Erik
Tanis, Alexander H. Van der Veen, Vivianne Vis, Kerst De Vries, Olivier Wijers, Judith
A.M. Wilmer, Jasper Winkelhagen, Robbert A. Zandbergen, Elgun V.C.M. Zeegers

The NONU Study Group also includes the following collaborators:
Pamela Riezebos and Anja Wagenaar-Huisman

The STABLE-HIP Study Group also includes the following collaborators:
Taco Gosens, Johannes H. Hegeman, Pieter Joosse, Suzanne Polinder; Rudolf W. Pool-
man, Hanna C. Willems, and Rutger G. Zuurmond

317






Appendices

List of publications

In this thesis:

Trends in incidence, health care consumption, and costs for proximal femoral
fractures in the Netherlands between 2000 and 2019: a nationwide study.
Zeelenberg ML, Den Hartog D, Panneman MJM, Polinder S, Verhofstad MH]J, Van
Lieshout EMM. Osteoporos Int. 2023 Aug;34(8):1389-1399. doi: 10.1007/s00198-
023-06774-y. Epub 2023 Apr 29. PMID: 37119329

Trends in incidence, health care use and costs for subtrochanteric femur fractures
in the Netherlands 2000-2019.

Zeelenberg ML, Van Lieshout EMM, Polinder S, Panneman MJM, Verhofstad MHJ,
Den Hartog D. Injury. 2024 Apr;55(4):111461. doi: 10.1016/j.injury.2024.111461.
Epub 2024 Feb 28. PMID: 38457999.

Extramedullary versus intramedullary fixation of stable trochanteric femoral frac-
tures: a systematic review and meta-analysis.

Zeelenberg ML, Nugteren LHT, Plaisier AC, Loggers SAI, Joosse P, Den Hartog D,
Verhofstad MH], van Lieshout EMM; STABLE-HIP Study Group. Arch Orthop
Trauma Surg. 2023 Aug;143(8):5065-5083. doi: 10.1007/s00402-023-04902-1. Epub
2023 May 2. PMID: 37129692

*Authors contributed equally

Extramedullary versus intramedullary fixation of unstable trochanteric femoral
fractures (AO type 31-A2): a systematic review and meta-analysis.

Zeelenberg ML', Plaisier AC', Nugteren LHT, Loggers SAL, Joosse P, Verhofstad MH]J,
Den Hartog D, Van Lieshout EMM; STABLE-HIP Study Group. Arch Orthop
Trauma Surg. 2024 Mar;144(3):1189-1209. doi: 10.1007/s00402-023-05138-9. Epub
2024 Jan 4. PMID: 38175213

*Authors contributed equally

Mobility and living status at discharge and after three-months for extramedullary
versus intramedullary fixation of AO type 31-A1 trochanteric fractures; an analysis
of Dutch Hip Fracture Audit data

Zeelenberg ML, Van Lieshout EMM, Gosens T, Hegeman JH, Den Hartog D, Verhof-
stad MH]J, Stable-HIP group, Dutch Hip Fracture Audit indicator Taskforce. Eur ]
Trauma Emerg Surg. 2025 Jan 10;51(1):6. doi: 10.1007/s00068-024-02749-8. PMID:
39794605; PMCID: PMC11723844.

319



Appendices

Satisfaction and quality of dying with nonoperative end-of-life care for hospital-
ized and non-hospitalized frail older patients with (suspected) hip fractures; A
combined cohort study

Zeelenberg ML, Loggers SAI, Joosse P, Van Lieshout EMM, Gosens T, FRAIL-HIP
study group, NONU-HIP study group. Acza Orthop. 2025 Feb 24;96:167-173. doi:10.
2340/17453674.2025.42998. PMID: 39993173 PMCID: PMC11849162

The value of preoperative diagnostic testing and geriatric assessment in frail insti-
tutionalized elderly with a hip fracture; a secondary analysis of the FRAIL-HIP
study.

Zeelenberg ML, Den Hartog D, Van Lieshout EMM, Wijnen HH, Willems HC,
Gosens T, Steens J, Van Balen R, Zuurmond RG, Loggers SAIL Joosse P, Verhofstad
MH]; FRAIL-HIP Investigator Group. Eur Geriatr Med. 2024 Jun;15(3):753-763.
doi: 10.1007/s41999-024-00945-8. Epub 2024 Feb 28. PMID: 38418712

Shared decision-making for non-operative management versus operative manage-
ment of hip fractures in selected frail older adults with a limited life expectancy: a
protocol for a nationwide implementation study.

Zeelenberg ML, Oosterwijk PC, Willems HC, Gosens T, Den Hartog D, Joosse P, Log-
gers SAIL, Nijdam TM, Pel-Littel RE, Polinder S, Schuijt HJ, Wijnen HH, Van der
Velde D, Van Lieshout EMM, Verhofstad MH]J; NOM-Implementation study group.
BM]J Open. 2024 Apr 17;14(4):e083429. doi: 10.1136/bmjopen-2023-083429.
PMID: 38631829

Patient and proxy satisfaction regarding Shared Decision Making for operative and
nonoperative hip fracture treatment in frail older adults: A mixed methods study.
Oosterwijk PC*, Zeelenberg ML*, Schuijt HJ, Van der Velde D, Den Hartog D, Gosens
T, Joosse P, Loggers SAI, Nijdam TMP, Van Delden JM, Wijnen HH, Verhofstad MHJ,
Van Lieshout EMM?*, Willems HC*, NOM-Implementation study group

Under revision

*First authors contributed equally; *Last authors contributed equally

Other publications:

Classification, treatment, and outcome of humeral shaft fractures in polytrauma-
tized patients (HSF-polytrauma): a retrospective case series

Van Bergen SH, Den Hartog D, Zeelenberg ML, Van Lieshout EMM, Verhofstad MH]
Accepted for publication in Acta Orthopaedica Belgica 2025

320



Appendices

The impact of upper-extremity injuries on polytrauma patients at a level 1 trauma
center.

Zeelenberg ML, Den Hartog D, Halvachizadeh S, Pape HC, Verhofstad MH], Van
Lieshout EMM. ] Shoulder Elbow Surg. 2022 May;31(5):914-922. doi: 10.1016/j.
js€.2021.10.005. Epub 2021 Oct 20. PMID: 34687916.

Proximal humerus fractures (PHFs): comparison of functional outcome 1 year af-
ter minimally invasive plate osteosynthesis (MIPO) versus open reduction internal
fixation (ORIF).

Buchmann L, Van Lieshout EMM, Zeelenberg ML, Den Hartog D, Pfeifer R, Allemann
E Pape HC, Halvachizadeh S. Eur ] Trauma Emerg Surg. 2022 Dec;48(6):4553-4558.
doi: 10.1007/s00068-021-01733-w. Epub 2021 Jul 3. PMID: 34216222; PMCID:
PMC9712325.

321






Appendices

PhD Portfolio
Name PhD candidate: Drs. Miliaan L. Zeelenberg
Erasmus MC department: ~ Trauma Research Unit Department of Surgery
PhD period: March 2022-January 2025
Promotors: Prof. dr. Michiel H.J. Verhofstad
Prof. dr. Taco Gosens
Co-promotors: Dr. Esther M.M. Van Lieshout
Dr. Dennis Den Hartog
Summary of PhD training, activities, and teaching Year Workload
(ECTS)
Courses during Netherlands Institute of Health Sciences (NIHES)
Master ‘Clinical Research’
Erasmus Summer Program 2017 (several courses) 2017 3.5
CC01 Study design 2017 4.3
CE01 Clinical Translation of Epidemiology 2017 2.0
CEO02 Clinical Epidemiology 2017 3.7
CCO02 Biostatistical Methods I: Basic Principles 2017 5.7
EP03 Biostatistical Methods II: Classical Regression Models 2017 4.3
EWP02 Advance topics in Decision Making in Medicine 2018 2.4
BSTO1 Review of Mathematics and Introduction to Statistics 2018 1.4
EPO1 Principles in Causal Inference 2018 1.4
EWP10 Advanced Clinical Trials 2018 1.9
HS11 Quality of life Measurement 2018 0.9
BSTO02 Intermediate course in R 2018 1.4
CEO08 Repeated Measurements 2018 1.7
CE15 Advanced Decision Modelling 2018 1.0
EP16 Missing Values in Clinical Research 2018 1.7
ESP64 Erasmus Summer Lectures 2018 0.4
ESP75 Human Epigenomics 2018 0.7
EWP03 Pharmaco-epidemiology and Drug Safety 2019 1.9
SCO07 Scientific Writing in English for Publication 2019 2.0
ESPO01 Principles of Research in Medicine and Epidemiology 2019 0.7
EWP25 Principles of Epidemiologic Data-analysis 2019 0.7
EWP13 Advanced analysis of Prognosis Studies 2019 0.9
Other courses
PhD introduction Session 2022 0.2
Basic course Rules and Organization for Clinical researchers (BROK) 2022 1.5

323



Appendices

Scientific Integrity

Shared-Decision Making Train-the-Trainer course

Conference presentations

Traumadagen 2022

Chirurgendagen 2023

Traumadagen 2023

Wetenschapsdag Heelkunde Erasmus MC 2024

NVT Assistentensymposium 2024

Geriatriedagen 2024

Symposium Dijklander ziekenhuis ‘Kwetsbare ouderen met heupfractuur’
European Conference for Trauma and Emergency Surgery (ECTES) Estoril

Orthopedic Trauma Association (OTA) conference Montreal

Conferences visited

Traumadagen 2018

Traumadagen 2021

Wetenschapsdag Heelkunde Erasmus MC 2023
NVT Assistenten-symposium 2023

Lecturing & Supervision

Supervising Bachelor student research Leendert H.T. Nugteren
Supervising Bachelor student research A. Cornelis Plaisier
Supervising Bachelor student research Noam Nieboer
NOM-Implementation and/or SDM lectures in 7 hospitals

Lecturing: Clinical cases trauma surgery for medical master students

Other

Board member PhD representative association Erasmus MC ‘Promeras’

2022
2023

2022
2023
2023
2024
2024
2024
2024
2024
2024

2018
2021
2023
2023

2022

2022

2023
2023-2024
2022-2024

2022-2024

0.3
1.0

L5
2.5
2.5
0.5
0.5
1.5
0.5
1.5
2.0

1.0
1.0
0.25
0.25

0.5
0.5
0.5
2.0
0.75

324



Appendices

Dankwoord

Men zegt dat dit het best gelezen onderdeel is van een proefschrift. Dat legt natuurlijk
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de momenten wanneer dat nodig was. Bedankt voor de scherpe zinsneden en analy-
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te regelen viel waardoor het onderzoek nog een paar maanden verder kon.
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ik via jou mijn eerste onderzoeks-stapjes zette bij de traumachirurgie. Sinds die tijd
heb ik veel van jou geleerd en me verder kunnen ontwikkelen als onderzoeker, eerst als
masterstudent en later als promovendus. Jouw oog voor detail is ongeévenaard en heeft
me op methodologisch en statistisch vlak ontzettend veel geleerd. Bedankt voor alle
hulp, samenwerking en de kansen die je me hebt gegeven de afgelopen jaren, door jou
ben ik een beter wetenschapper geworden.

Geachte dr. Den Hartog, beste Dennis, ook jij was er al bij vanaf het eerste uur toen
mijn onderzoek zich nog richtte op de bovenste extremiteit. Via jouw ongeévenaarde
netwerk vonden we altijd weer de juiste persoon om de volgende stap mogelijk te ma-
ken. Inmiddels zijn we afgezakt naar de heup en was je mijn copromotor tijdens mijn
promotietraject. Ondanks jouw drukke agenda maakte je altijd ruimte als dat nodig
was. Ik bewonder nog steeds jouw tomeloze enthousiasme en humor binnen en buiten
het onderzoek. Het was een feestje met jou samen te werken en ik hoop dat in de
toeckomst ook in de kliniek te doen!
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aan prof. dr. Van der Laan, dr. Willems, prof dr. Rogmark en dr. Lagarde voor het
opponeren bij de verdediging van dit proefschrift.
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Paulieke, ik vond het superleuk om in de tweede helft van mijn traject met jou aan de
slag te gaan met het NOM-implementatie project. Het was fijn te kunnen sparren over
nieuwe ideeén en ervaringen te kunnen delen. We vulden elkaar goed aan en hebben
samen de brug gevormd in een vruchtbare samenwerking tussen het Anton en EMC.
Ik wens jou veel succes met de afronding van jouw traject, dat komt zeker goed! Beste
Sverre, jij was vanaf het begin al betrokken op verschillende vlakken. Samen hebben
we aan meerdere stukken geschreven en jouw FRAIL-Hip was de basis voor aantal van
mijn vervolgstappen. Bedankt voor je kennis en altijd kritische blik. Ik kijk er naar uit
binnenkort ook jouw verdediging te aanschouwen.

Mijn collega’s van Rg-2, lieve Sas, Suus en Alex, ik heb genoten van onze periode samen
als collegas, alle congressen waar we zijn geweest en vooral ook de mooie belevenissen
en vriendschap buiten het onderzoek om. Beste Max, Lennard en Niels, jullie horen
voor mij inmiddels ook tot het vaste meubilair van de kantoortuin. Bedankt voor jullie
enthousiasme, nieuwsgierigheid en inzet bij een aantal van mijn projecten. Ik zie jullie

bij Robbie!

Beste Promeras bestuur 2022-2024, bedankt voor de leuke tijd samen waar we even
konden uitzoomen van ons eigen onderzoek en ons konden inzetten voor het verbete-
ren van het algemene onderzoeksklimaat, maar voor al ook voor alle lol en de gezellige
activiteiten die we samen hebben georganiseerd!
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zettend veel van jou en wil niets liever dan de rest van mijn leven met jou doorbrengen!
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