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Abstract

Summary Hip fractures are associated with significant healthcare costs. In frail institutionalized patients, the costs of
nonoperative management are less than operative management with comparable short-term quality of life. Nonoperative
management of hip fractures in patients at the end of life should be openly discussed with SDM.

Purpose The aim was to describe healthcare use with associated costs and to determine cost-utility of nonoperative manage-
ment (NOM) versus operative management (OM) of frail institutionalized older patients with a proximal femoral fracture.

Methods This study included institutionalized patients with a limited life expectancy aged > 70 years who sustained a
proximal femoral fracture in the Netherlands. Costs of hospital- and nursing home care were calculated. Quality adjusted
life years (QALY) were calculated based on EuroQol-5D-5L utility scores at day 7, 14, and 30 and at 3 and 6 months. The
incremental cost-effectiveness ratio (ICER) was calculated from a societal perspective.

Results Of the 172 enrolled patients, 88 (51%) patients opted for NOM and 84 (49%) for OM. NOM was associated with
lower healthcare costs at 6 months (NOM; €2425 (SD 1.030), OM; €9325 (SD 4242), p <0.001). The main cost driver was
hospital stay (NOM; €738 (SD 841) and OM; €3140 (SD 2636)). The ICER per QALY gained in the OM versus NOM was
€76,912 and exceeded the threshold of €20,000 per QALY. The gained QALY were minimal in the OM group in patients
who died within 14- and 30-day post-injury, but OM resulted in more than triple the costs.

Conclusion OM results in significant higher healthcare costs, mainly due to the length of hospital stay. For frail patients at
the end of life, NOM of proximal femoral fractures should be openly discussed in SDM conversations due to the limited
gain in QoL.

Trial registration.

Netherlands Trial Register (NTR7245; date 10-06-2018).
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Introduction

The economic burden of disease of proximal femur frac-
tures increases annually, and progressive aging is expected
to be an important driver for healthcare service allocation
and costs. Currently, approximately 1.3 million persons
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around the globe sustain a proximal femoral fracture annu-
ally. By 2050, this number is expected to increase to 7.3
million patients worldwide with annual costs of $131 billion
due to progressive aging [1-3]. Approximately 20-25% of
the proximal femoral fractures occur in patients who reside
in long-term care facilities [4]. Especially in these frail
patients, proximal femoral fractures are a devastating injury
with a high impact on their already limited life expectancy
and result in poor functional outcomes [5-7]. Because of
these poor outcomes, proximal femoral fractures in frail
older patients can be seen as a life-threatening condition.
Therefore, in selected cases of patients with a limited life
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expectancy due to frailty, a more holistic, palliative care-
related approach could be applied. Nonoperative manage-
ment (NOM) with a palliative care approach of proximal
femoral fractures can be considered as an alternative in
patients with a limited life expectancy, but only if this aligns
with the intended individual goals of care. This accounts
especially in cases where poor outcomes are expected and
operative management (OM) might not contribute to the
patient’s health-related quality of life (HRQoL), because of
the high risk of adverse events and unsuccessful rehabilita-
tion [7-9].

However, due to the limited evidence on outcomes of
NOM, it is underexposed in current guidelines as a treat-
ment strategy for selected patients with a limited life expec-
tancy and/or limited quality of life. Consequently, OM is the
standard treatment and over 95% of the patients are treated
surgically in the Netherlands [10-13]. It is remarkable that,
considering the high prevalence of proximal femoral frac-
tures in nursing home residents, few studies have described
healthcare utilization, HRQoL, and cost-utility data of these
institutionalized patients who sustain a proximal femoral
fracture [8, 14, 15]. Detailed information on healthcare costs
are gaining importance as burden of disease keeps increas-
ing annually. Identifying service utilization patterns enables
future healthcare planning identify cost drivers, possible
areas of improvement and cost-reduction, without compro-
mising the quality of life for this expanding population.

The FRAIL-HIP study aimed to compare QoL, func-
tional outcome, treatment satisfaction, and cost outcomes
of OM versus NOM in frail institutionalized older patients
with a limited life expectancy in a multicenter cohort study
[9, 16]. The study showed that NOM is non-inferior to OM
with regards to QoL and results in high treatment satisfac-
tion [16]. The aim of the present study was to describe the
healthcare utilization and total medical costs and to evaluate
the cost-utility of NOM versus OM in frail institutionalized
older patients with a limited life expectancy who sustained
a proximal femoral fracture.

Methods
Study design and participants

The economic evaluation study is based on data from the
FRAIL-HIP study [9]. This was a multicenter prospective
cohort study conducted to evaluate the effect of NOM ver-
sus OM with regard to QoL and other key outcomes of frail
institutionalized older patients with a limited life expectancy
who sustained a proximal femoral fracture. The study was
registered at the Netherlands Trial Register (NTR7245). The
study protocol and results of this study have been published
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elsewhere [9]. The study was approved by the Medical
Research Ethics Committees of all participating centers.

A total of 25 hospitals participated and enrolled 172
patients between September 1, 2018, and April 25, 2020.
Patients were enrolled if they were aged > 70 years, sus-
tained a proximal femoral fracture (femoral neck or trochan-
teric; AO/OTA-type 31-A.1-3), resided in a nursing home
pre-trauma, and were classified as frail. Frail was defined as
either malnutrition (body mass index (BMI) of < 18.5 km/
m? or cachexia), existing mobility issues (Functional
Ambulation Category (FAC) <2), or severe comorbidities
(American Society of Anesthesiologists (ASA) class 4 or 5).
Patients were excluded if they sustained a subtrochanteric
fracture, bilateral proximal femoral fractures, and peripros-
thetic fracture, had a delay of diagnosis of more than seven
days, had known metastatic disease and a confirmed patho-
logical fracture, had insufficient comprehension of the Dutch
language, or participated in another surgical intervention or
drug study that could have influenced the results.

Treatment and assessment

Treatment decision was reached following a structured
shared decision process, in which pros and cons of both
operative and nonoperative management were discussed
with the patient if mentally capable, his/her relatives, and
all relevant care providers involved. After shared decision-
making (SDM), patients or their proxy opted for NOM or
OM.

The main outcomes of this study were healthcare con-
sumption, total direct medical costs, and quality adjusted
life years (QALYs). Data were prospectively obtained at 7,
14, and 30 days and 3- and 6-month post-trauma by physical
interviews. During these visits, EuroQol-5D-5L (EQ-5D)
questionnaires were completed, and healthcare consumption
was registered via a predefined case report form [17].

Healthcare consumption and cost assessment

Healthcare consumption included emergency department
(ED) and hospital care use, medical interventions, outpa-
tient follow-up, hospital readmissions, nursing home care,
hospice care, involved medical specialists and other health-
care providers (e.g., physical therapists and dieticians), and
additional medication use during follow-up. Data were col-
lected by a questionnaire at each visit that was based on the
Medical Consumption Questionnaire [18].

Indirect costs due to productivity loss were considered
zero since the study population consisted of older nursing
home patients only. Therefore, only direct medical costs
were determined.

Costs were calculated by multiplying consumption vol-
umes with the corresponding unit prices (Table 1). Costs
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Table 1 Patient and fracture characteristics

Characteristic Nonoperative Operative p value
N=88 N=84
Age (years) 88 (84-93) 88 (85-91) 0.574
Female (%) 68 (81%) 67 (76%) 0.280
BMI<18.5 (%) 20.4 (18.0-25.2) 23.2(18.4-26.3) 0.103
FAC<2 47 (53%) 37 (44%) 0.227
>ASA IV 31 (35%) 29 (35%) 0.923
Fracture type 0.301
Femoral neck 54 (61%) 45 (54%)
Trochanteric 34 (39%) 39 (46%)
Median time till death 7 (5-12) 29 (12-62) <0.001
(days)
Mortality at 6 months 83 (94%) 40 (48%) <0.001
(%)

Data are presented as median (P,s—P-5) or as n (%)

BMI, body mass index; FAC, Functional Ambulatory Category; ASA
score, American Society of Anesthesiologists score

of the interventions were estimated using a microcost-
ing study and consisted of costs of the operating room
(costs per minute including overhead costs) and costs of
the implants. Prices of the operating room and implants
were derived from previous Dutch studies and financial
departments of participating hospitals [19, 20]. Most other
cost prices of healthcare resources were derived from the
Dutch manual on cost research, methods, and standards
costs in economic healthcare evaluations in accordance
with economic guidelines [21]. Unit costs of all diag-
nostic procedures (radiology or laboratory studies) were
derived from the NZA (Nederlandse Zorgautoriteit; Dutch
Healthcare Authority) [22]. Costs for medication use were
calculated using standard prices per dose as described by
the Dutch Health Care Insurance Board [23]. Prices for
wheelchairs and other walking aids were not included,
since most patients in the study already used these aids
prior to the trauma. Cost prices of non-academic hospitals
were used, since only one study participant was treated in
an academic hospital. As the study population concerned
pre-fracture long-term care residents, the out of hospital
costs were primarily presented without the costs for nurs-
ing home stay as these were not additional costs since
all included study participants resided in a nursing home
pre-trauma and since these costs were mainly dependent
on life expectancy. However, total healthcare costs were
presented with and without the costs of nursing home
stay. Direct costs of adverse events were based on costs
of return visits to the ED, readmission to the hospital, and
reinterventions.

Subgroup analyses were performed with respect to gen-
der, fracture type (femoral neck or trochanteric), and three

frailty parameters (ASA classification (<3 or> 3), BMI
(< 18.5 or>18.5), and FAC- score (<2 and > 2).

Health-related quality of life

Health-related quality of life (HRQOL) was expressed in
utilities derived from the EQ-5D. The EQ-5D is often used
in femoral fracture patients and especially for economic
assessments in trauma patients [24]. This generic instrument
is used to measure health status using five health dimen-
sions (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression) with each dimension having five
response levels. For the purpose of this study, the proxy-
patient version was completed by proxies due to the degree
of cognitive impairment of most patients [25]. All meas-
urements per patient were completed by the same proxy.
Health status descriptions from the EQ-5D can be valued
using tariffs from preference elicitation studies to calculate
utilities, which can be used to calculate QALYs. Utility
scores were derived from the EQ-5D using the Dutch value
set [26]. Negative values were also possible and represent
health states worse than death. Utility values calculated with
the Dutch value set range from —0.329 to 1.000. The util-
ity values were presented for patients alive at each specific
time point.

QALYs were calculated based on the measured EQ-5D
utility scores at day 7, day 14, day 30, and 3 and 6 months.
The number of QALY's between two follow-up moments was
valued using the average utility value of the two measure-
ment points. In case of missing utility values at a follow-
up moment, the following known utility value was used to
determine the average utility value for the period between
the two time points. If patients died prior to the end of
follow-up, the last known utility score of the last known
measurement was used to calculate the QALY from the last
known measurement until the date of decease. Since the
follow-up of the current study was 6 months and utilities
are maximized at 1.00, the maximum QALY value in this
study was 0.5.

Cost-utility analysis

Cost-utility analyses was performed in a Dutch setting from
a societal perspective applying a lifetime horizon with costs
expressed in 2020 Euros and effects in QALYSs. Cost-utility
was determined with the incremental cost-effectiveness ratio
(ICER). The ICER was calculated by dividing the difference
in mean costs of OM and NOM by the difference in gained
QALYs between these groups. Cost-effectiveness was deter-
mined based on the reference values of the maximum costs
per QALY gained. As established by the Zorginstituut Neder-
land (National health Care Institute of the Netherlands), these
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maximum costs were €20,000 per gained QALY for the thresh-
old of 0.1-0.4 QALY gained in our study [27].

Statistical analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 25 (SPSS, Chicago, Ill., USA) and
reported following the STrengthening the Reporting of OBser-
vational studies in Epidemiology (STROBE) guidelines [28].
Missing data were not imputed, since the proportion of miss-
ing data was minimal. Continuous data were reported as means
with standard deviation (SD), means with 95% confidence
intervals (95% CI), or median with 25th percentile—75th per-
centile (P,5—P;5) and categorical data as numbers with per-
centages (%). Univariate comparison between the groups was
done using a Student’s T test, Mann—Whitney U test, and chi-
squared or Fisher’s exact test (as applicable). Costs of medi-
cal care were compared between the nonoperative and opera-
tive group using independent 7 test with bootstrap, drawing
1000 samples. We used bootstrap for the group comparisons
to prevent outliers from affecting our conclusion on whether
or not two groups were significantly different. Outliers are
considered as potentially unreliable, as they are potentially
caused by overreporting or underreporting healthcare use. The
analyses were performed on a per-protocol basis. Despite the
usual skewness in the distribution of costs, it is the arithmetic
mean that is the most informative measure. Measures other
than the arithmetic mean do not provide information about
the cost of treating all patients, which are needed as the basis
for healthcare policy decisions. Statistical analysis comparing
medians using standard non-parametric methods may provide
misleading conclusions [29]. As the utility scores were repeat-
edly measured over time, these were compared between treat-
ment groups using linear mixed-effects regression models. The
multilevel model included random effects for the intercepts of
the model and time coefficient of individual patients. Since
the outcome measures were not linearly related with time,
the time points were entered as factor. The models included
fixed effects for treatment group, age, gender, and ASA clas-
sification. The interaction between treatment group and time
was included in the model to test for differences between the
groups over time. For each follow-up moment, the estimated
marginal mean with 95% confidence interval was computed
per treatment group. Costs were reported in Euro and based
on the currency exchange rate in July 22, 2021 (1 Euro=1.155
US dollar).

Results
Out of the 172 enrolled patients, 88 (51%) patients opted

for NOM and 84 (49%) for OM after SDM (Fig. 1).
Patient characteristics did not significantly differ between
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the NOM and OM group. The median age of the study
group was 88 years old (P,5—P,5 85-92), and most patients
were female (76%). Patients were frail with a significant
number of comorbidities and high level of pre-trauma
activities of daily living dependence. Most patients suf-
fered from cognitive impairment in both the NOM group
(n=83 (94%)) and in the OM group (n=75 (89%))
(Table 1). Fracture type did not differ between the study
groups (p=0.301). The 6-month mortality rate was high
(NOM; n =83 (94%) and OM; n =40 (48%)) (Fig. 1).

Costs and healthcare utilization

NOM was associated with significantly lower healthcare
costs and healthcare utilization than OM in the first 6 months
after injury (Table 2). The mean total costs per patient were
€2425 for NOM and €9325 for OM (p <0.001). The total
costs of intramural hospital care were €2226 for NOM and
€8630 for OM (p <0.001).

Total costs per patient per day of survival were higher in
the NOM group (€320, versus €227 in OM group, p=0.024).
A detailed overview of the costs is provided in Appendix
Table 2.

The main cost drivers were costs of hospital stay €738
and €3140 for NOM and OM, respectively) and costs for
surgical interventions in the OM group (€2783). The costs
for hospital stay in the NOM group were significantly lower
than in the OM group (p <0.001), as only 49 patients (56%)
of the NOM group were admitted to a hospital ward after
ED presentation compared to 84 (100%) in the OM group.
Furthermore, the median hospital length of stay was 2 days
(Py5—P55 2-3) in the NOM group and 6 days (P,s—P;5 4-7)
in the OM group.

Additional healthcare consumption during the primary
hospital stay was lower in nonoperatively managed patients
with regards to diagnostic tests and consultations (Table 2).
In the NOM group, for patients who were admitted to a
ward, an average of 1.4 (SD 1.2, range 0-6) inpatient con-
sultations by other specialists were requested. This was 1.6
(SD 1.3, range 0-7) in the OM group. In addition, 20 (22%)
patients in the OM group required blood transfusions at an
average cost of €110 per patient.

Mean costs for readmission due to adverse events in
the OM group were €782. These costs were caused by 12
patients who were readmitted to the ED or hospital. The
mean costs for hospital readmission for these 12 patients
were €5477 (SD 4940) per patient. Five patients (6%) were
re-operated due to surgery related adverse events at an aver-
age cost of €3066 (SD 996) per patient. None of the NOM
patients were readmitted to the hospital during the study
period.

Inclusion of costs of nursing home stay in the total costs
increased the average costs per patient to €6796 in the NOM
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Assessment for eligibility

Enrolment
N=172

4

Shared decision making

v

v

Patients opting for OM
N=84

Patients opting for NOM
N=88

v

v

7 days (3-10)
In analysis: 84
Died: 0
Missed FU visits: 0

7 days (3-10)
In analysis: 86
Died: 2
Missed FU visits: 0

v

v

14 days (11-17)
In analysis: 70
Died: 13
Missed FU visits: 1

14 days (11-17)
In analysis: 20
Died: 66
Missed FU visits: 0

v

v

30 days (23-37)
In analysis: 61
Died: 9
Missed FU visits: 1

30 days (23-37)
In analysis: 14
Died: 6
Missed FU visits: 0

v

v

3 months (11-15 weeks)
In analysis: 49
Died: 12
Missed FU visits: 0

3 months (11-15 weeks)
In analysis: 8
Died: 6
Missed FU visits: 0

v

v

6 months (6-7 months)
In analysis: 44
Died: 5
Missed FU visits: 0

6 months (6-7 months)
In analysis: 5
Died: 3
Missed FU visits: 0

Fig. 1 Flow of participants and number of EQ-5D measurements over
time. NOM, nonoperative management; OM, operative management;

FU, follow-up

group and €30,246 in the OM group (p <0.001, p <0.001
with bootstrapping (Table 2)). The median duration of nurs-
ing home stay was 6 days (P,s—P;5 3—13) in the NOM group
and 168 days (P,s—P5 24-192) in the OM group. Mean costs
of nursing home stay were € 4,371 for NOM and €20,925
for OM (p <0.001). This comprised 66% and 69% of the
total costs including nursing home stay for NOM and OM,
respectively. The large difference was mainly caused by the
shorter life expectancy (median time till death of 7 days
(P,5—P;5 5-12) in the NOM group and 29 days (P,s—P;5

12-62) in the OM group). Total costs per patient per day of
survival including nursing home stay was relatively higher
in the NOM group (NOM; €453 (SD 213), OM; €375 (SD
249), p=0.029).

Subgroup analysis

Total healthcare costs in the NOM group were higher
for patients with an ASA class >4 (n=29) than with an
ASA class <4 (n=155) (€2927 vs 2,151, p=0.001). This
was mainly due to higher in-hospital costs (€2649 versus
€1990). For NOM patients with ASA class >4, the costs
of hospital stay were twofold for ASA >4 (€1116 vs €532,
p=0.001), 30% higher for laboratory tests (€139 vs €104,
p=0.001), and threefold for clinical consults (€66 vs €24,
p <0.001). This statistical difference in total healthcare costs
for the ASA classification was not found in the OM group
(p=0.402).

Costs excluding nursing home stay in the NOM or OM
group did not differ for FAC <2 or higher, BMI < 18.5 or
higher, or fracture type (femoral neck or trochanteric).
Within the OM group, the mean costs for the surgical inter-
vention were significantly higher for the femoral neck frac-
tures (€2958) than the pertrochanteric fractures (€2581) for
the primary surgery (p=0.001).

For male patients in the OM group (n=16), mean total
healthcare costs were significantly higher (€6892) than for
female patients (n =68; €3218) (p=0.039). When one male
patient was excluded from this analysis (due to costs of
€28,756), the statistical difference in costs of the primary
hospital admission was no longer found (p =0.378).

HRQol and cost-effectiveness

The EQSD utility scores are shown in Table 3. NOM lead
to 0.01 (95% CI 0.01-0.02) QALYs, while OM resulted
in 0.11 (95% CI 0.08-0.13) QALY within the 6-month
study period (p <0.001). OM lead to a 0.10 increase in
QALYs compared with NOM. With the total mean costs
per patient for NOM being €2423 (95% CI €2200-€4648)
and OM being €9322 (95% CI €8405-€10,238), the ICER
per QALY gained in the OM versus NOM was €76,912
(95% CI 50.090-79,551) and therefore exceed the threshold
of €20.000 per QALY.

The ICER for total costs per QALY for OM versus NOM
group including nursing home stay was €248,395 (95%
CI 221,362-282,000) and therefore even more exceeding
the threshold of €20.000 per QALY. The ICER including
nursing home stay was largely influenced by the longer life
expectancy in the OM group that consequently increased the
nursing home stay but with a limited gain in QALY.

No statistically significant differences were found within
the NOM or OM group for QALY based on ASA class >4
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Table 2 Healthcare utilization associated costs in the nonoperative and operative group

Cost categories Nonoperative Operative
N=288 N=284
Mean N (%) Costs (€) Mean N (%) Costs (€) P (costs)

Total hospital costs 2226 (925) 8630 (3973) <.001
Index hospital costs 2222 (921) 7824 (2,977) <.001
ED visit and transport 1211 (61) 1214 (54) 748
Diagnostic tests 206 (73) 340 (198) <.001
Hospital stay (days) 738 (841) 3140 (2,636) <.001
Ward 2.80(1.47) 49 (56%) 738 (841) 6.57 (5.57) 84 (100%) 3115 (2,642)
Intensive care - - - 0.01 (0.11) 1(1%) 26 (235)
Primary surgery n/a 2783 (528) n/a
Duration of surgery - - - 74 (22) 84 (100%) 1149 (316)

(min)
Equipment and implants n/a 1633 (330) n/a
Others 29 (69) 139 (220) <.001
Nerve blocks 0.16 (0.37) 14 (16%) 23 (56) 0.21(041) 18 (21%) 29 (56)
Transfusion PRBC 0.02 (0.15) 2(2%) 5(35) 0.58 (1.00) 20(22%) 110 (214)
Consultation 39 (53) 208 (184) <.001
Medical specialist (n, 0.78(1.1) 42 (48%) 33 (47) 1.63(1.32) 78 (93%) 69 (56)

specialties)
Paramedical consults (n, 0.19 (0.56) 13 (15%) 6 (18) 4.29 (4.73) 79 (94%) 139 (146)

visits)
Hospital follow-up 432) 24 (65) 014
Pelvic radiography - - - 0.13(0.44) 9(11%) 7(21)
Outpatient visit
Surgery/orthopedics 0.01 (0.11) 1(1%) 1(8) 0.21 (0.58) 13(16%) 17 (45)
Anesthesiology 0.03 (0.32) 1(1%) 3(31) - - -
Readmission 0(0) 0(0) 782 (2,636) n/a
ED visit, transportation 0(0) 186 (478) n/a

and interventions
Diagnostic tests and ED 0(0) 0(0) 35 (101) n/a

interventions
CR with PSA in ED 0(0) 0.01 (0.11) 1(1%) 9(87)
Hospital stay (days) 0 (0) 0 (0) 333 (1344) n/a
Ward 0(0) 0.70 (2.84) 7 (8%) 333 (1344)
Revision surgery 0(0) 0(0) 0.07 (0.30) 5 (6%) 183 (762) n/a
Duration of surgery 0(0) 6.89 (29.39) 5(6%) 99 (423)

(min)
Equipment and implants 0(0) 83 (382) n/a
Others 0(0) 25 (114) n/a
Transfusion PRBC 0(0) 0.11(0.49) 4(5%) 25(114)
Consultation 0(0) 18 (92) n/a
Out of hospital costs 4501 (8933) 21,443 (15,149) <.001
Nursing home stay 24.32 (48.52) 84 (96%) 4371 (8721) 116.42 (82.63) 81 (96%) 20,925 (14,852)
Hospice stay 0(0) 0(0) 0(0) 0.05 (0.44) 1 (1%) 9 (78)
Consultation 130 (264) 510 (511) <.001
Paramedical consults, 3.72(7.54) 49 (56%) 130 (264) 14.56 (14.61) 73 (87%) 508 (511)

number of visits
Medication (total) 69 (97) 173 (248) <.001
Total costs 2425 (1030) 9322 (4225) <.001
Total fter - 2425 (95% CI 2220- 9316 (95% CI 8481- <.001

trappin, 2653) 10,362)
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Table 2 (continued)
Cost categories Nonoperative Operative

N=288 N=284

Mean N (%) Costs (€) Mean N (%) Costs (€) P (costs)
Total costs incl 6796 (9158) 30,246 (15,384) <.001
nursing home stay
Total costs incl 6796 (95% CI 5050— 30,241 (95% CI <.001
nursing home stay 8892) 26,932-33,638)

after bootstrapping

Numbers are presented as mean (SD), number (%), of mean (95% CI)

ED, emergency department; min, minutes; CR, closed reduction; PSA, procedural sedation analgesia

* Additional medication prescribed during or after the primary hospital admission, The bold and underline reflect the different categories and sub

categories.

Table 3 EQS5D utility scores and QALY s for the nonoperative and operative group

Utility Nonoperative Operative p value
Utility 1 week 0.18 (0.15-0.20) 0.27 (0.27-0.28) <0.001*
2 weeks 0.20 (0.17-0.22) 0.29 (0.29-0.30)

4 weeks 0.25 (0.23-0.28) 0.35 (0.35-0.36)

12 weeks 0.28 (0.26-0.31) 0.41 (0.40-0.41)

24 weeks 0.21 (0.19-0.24) 0.40 (0.39-0.40)

QALY total 0.01 (0.01-0.02) 0.11 (0.08-0.13) <0.001
+<30D 0.003 (0.003-0.003) 0.008 (0.006-0.01) <0.001
Completed FU 0.06 (0.03-0.08) 0.13 (0.12-0.15) 0.025

ICER total costs/QALY OM
(excluding nursing home stay costs)

ICER total Costs/QALY OM
(including nursing home stay costs)

€76,912 (95% CI 50.090-79,551)

€248,395 (95% CI 221,362-282,000)

Data are presented as mean (95% CI)

QALY, quality adjusted life years; ICER, incremental cost-effectiveness ratio; OM, operative management; { < 30D, died within 30 days post

trauma; FU, follow-up

“Overall effect of the treatment in the mixed linear regression model

or lower, FAC <2 or higher, gender, BMI < 18.5, or higher
or fracture type (femoral neck or trochanteric).

The QALYs gained for patients who died within 14 days
after the injury between the NOM and OM group (NOM,; 0.003
and OM 0.005, p <0.001) were minimal, while mean total costs
for NOM and OM were €2245 and €7823, respectively, were
found. The same was found for patients who died within 30-day
post-injury with NOM resulting in 0.003 QALYs and OM in
0.008 QALYs at the total costs of €2238 and €7957. For those
who did not die within 30-day post-injury, NOM resulted in
significantly lower QALY (0.056) than in the OM group (0.133)
with p <0.001 at total costs of €3333 and €9766, respectively.

Discussion

This study showed that the treatment of frail older institu-
tionalized patients with a proximal femoral fracture results
in significant healthcare costs. OM was associated with

significantly more healthcare consumption and costs per
patient than NOM (€9322 ($10,767) versus €2425 ($2,801)),
mainly due to longer hospital stay, costs related to surgery,
and costs due to readmissions.

The costs of nursing home stay were highly dependent
on the differences in survival between both groups, as the
NOM group had a shorter life expectancy. Although OM
lead to a 0.10 increase in QALY compared to NOM, the
ICER per QALY gained was €76,912 and therefore exceeded
the costs per QALY limit of €20,000 according to the cost-
utility norms of in the Netherlands [27]. Furthermore, this
study showed that QALY's between the NOM and OM group
in case patients died in the first month post-injury were mini-
mal, but OM resulted in more than triple the costs.

Although the authors feel that decision-making on
NOM or OM of the most frail older patients with a proxi-
mal femoral fracture should not be heavily influenced by
costs, this study together with the results of the FRAIL-
HIP study provides extra arguments that NOM should be
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openly discussed with frail patients who have pre-frac-
ture limited life expectancy and QoL [16]. Because of the
limited gain in QALY, patient selection of whom NOM
should be seriously discussed with should only focus on
those who have a short life expectancy after the proximal
femoral fracture, as there was a clear gain in QALY in
OM patients who survived more than 30 days compared
to those who in the NOM group. Especially this category
of patients can benefit from personalized shared decision-
making as many factors, like frailty, HRQoL and QoL,
pre-fracture mobility, and most important, the patient’s
goals of care, have to be accounted for.

As all included patients were already residing in a nurs-
ing home prior to the fracture, it was chosen to mainly
display the total costs without the costs of nursing home
stay as the costs of nursing home stay were not additional
healthcare costs. Furthermore, the costs of nursing home
stay are mainly dependent on the life expectancy, as there
was a distinct difference between the NOM and OM group.
The costs of nursing home stay therefore would have less
adequately reflected the true cost difference between the
groups, but rather the differences in life expectancy. In
case nursing home costs were included in the cost-util-
ity analysis, the ICER increased to €248,395 (95% CI
221,362-282,000) per gained QALY.

The main cost drivers of the total hospital costs were
the costs of ED visits and hospital admission (92% of total
in the NOM and 84% in the OM group). These in-hospi-
tal costs of patients with an operatively treated proximal
femoral fracture were comparable to previously published
studies [19, 20, 30, 31]. Burgers et al. described Dutch
patients with a proximal femoral fracture who were treated
with an hemi-arthroplasty or total hip arthroplasty and
found in-hospital associated costs of €9026 [20]. These
slightly higher costs can be attributed to a higher number
of patients undergoing expensive arthroplasties (100% ver-
sus 48% in the current study) and a longer hospital length
of stay (9.9 (SD 5.2) days versus 6.6 (SD 6.6) days). The
longer length of stay in the study of Burgers et al. can
be explained by the possible additional waiting time for
hospital discharge to an available rehabilitation center, as
56% of the patients were not discharged to their previous
home. The in-hospital costs reported by Zielinski et al.
were lower than in our study (€6031), but can be related
to the fact that patients were less frail and were all treated
with relatively cheaper internal fixation [19]. A meta-anal-
ysis by Williamson et al. also confirms that costs of hospi-
talization accounts for the majority of costs during the first
year of follow-up and calculated mean pooled costs of hos-
pitalization of $10,075 (95% CI $8832-$11,828) and total
costs of $13,820 (SD $13,293) [30]. The lower mean total
costs per operated patient in our study ($11,000) could be
attributed to the more limited life expectancy.

@ Springer

Gu et al. are the only to report on direct medical costs
of NOM. They reported mean total direct medical costs
(including loss of productivity) of $40,795 and $34,509
for intra- and extracapsular proximal femoral fractures,
respectively. [32] These costs significantly differed from our
findings, as Gu et al. included non-frail patients with most
likely rehabilitative goals or care, and not frail patients with
a limited life expectancy in a more palliative care focused
setting. For their cost estimation, they assumed that 50% of
the patients could walk at the conclusion of the treatment,
which is not a realistic expectation for our study population.
Therefore, these costs cannot be compared.

Another cost driver in the OM group was costs of
unplanned ED/hospital readmissions (8% of total costs).
The costs of in-hospital adverse events could not be estab-
lished based on the used dataset. Despite the occurrence of
64 adverse events within the OM group after their hospital
discharge, only 12 patients (14%) revisited the ED within
6 months because of adverse events at a mean cost of €782
per person (SD 2636) for the total group. Remarkably, none
of the patients in the NOM group were readmitted to the
hospital. Compared with the 33% reported by Burgers et al.
and 24% after 3 months reported by Lin et al. in nonage-
narians, the number of readmissions of OM patients in our
study was relatively low [20, 33]. This is arguably caused by
the fact that some nursing home residents in our study were
not hospitalized following adverse events (e.g., patients with
hemiarthroplasty dislocation, wound infection, delirium,
pneumonia, or fractures due to recurrent fall), as this was
thought to be of no additional value for their QoL and/or did
no longer match with the goals of care/patient’s preferences.
Readmission to the hospital due to adverse events signifi-
cantly affects the prognosis with a mortality risk in nona-
genarians of 37% in 3 months. [33] Carefully re-evaluating
patient goals of care and possible do-not-hospitalize direc-
tives in frail patients with a limited life expectancy could
reduce additional costs in the case of an event with such a
high impact as a proximal femoral fracture.

In case re-admission to the hospital for an adverse event
is thought to be of no additional value for the patient’s qual-
ity of life, the costs reduction would be significant, as re-
admission resulted in mean total costs of €5477 ($6326)
per patient.

If it would be decided in the nursing home not to present
a frail patient to the hospital and thus manage the patient
nonoperatively, a significant cost reduction of approximately
€2200 ($2,541) per patient could be achieved without alter-
ing the care received. In case a 25-50% reduction of ED
admissions in 5% out of 20,000 annual NOM patients with
a proximal femoral fracture in the Netherlands, a yearly
cost reduction of approximately €1.1-2.2 million could be
achieved. This emphasizes the importance of advance care
planning in long-term care facilities.
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Some limitations of the current study need to be mentioned.
First, the costs for equipment and implants were derived from
previous studies. Costs for the surgical intervention could be
an under- or overestimation depending on local price agree-
ments and choice of implants. Secondly, the type and organiza-
tion of health care may vary (inter)nationally. Extrapolation of
the study results to other healthcare systems should therefore
be performed with caution. The Netherlands, for example,
has expert nursing homes with in-house rehabilitation led by
elderly care physicians who are dedicated to provide long-
term care in these long-term care facilities. Consequently,
additional costs for in-house rehabilitation of patients who
already resided in a nursing home were difficult to establish
other than visits from physiotherapists and additional medica-
tion. Thirdly, costs of nursing home stay could not be adjusted
for changes in the intensity of care packages (ZZP). Finally, the
variability in limited life expectancy in the operative group of
this study resulted in large variation of total healthcare costs,
as is reflected by the high standard deviations. However, this
does reflect the current practice and heterogeneity is also seen
in previous literature [30]. In addition, the ICER is dependent
on the duration of follow-up, as most direct medical costs are
made in the first weeks after the trauma. The chosen 6-month
time frame is a limitation. A longer study period would likely
increase the QALY in the operative group and therefore
improve cost-effectiveness. However, the 6-month time frame
for follow-up was mainly chosen due to limited life expectancy
of the nonoperative patients and that the most functional recov-
ery occurs within the first 3- to 6-month post-trauma.

With these limitations in mind, this study further adds to
the evidence on important cost drivers for proximal femoral
fracture patients. In addition, to our knowledge, this is the
first cost-utility analysis on nonoperative and operative treat-
ment of patients with frail proximal femoral fractures with a
limited life expectancy. In the FRAIL-HIP study, we showed
that, after SDM, nonoperative treatment of proximal femoral
fractures is a viable, non-inferior treatment option to opera-
tive management in patients with a limited life expectancy,
[16] where this studies shows that in this specific group of
patients, there is limited gain in QALY and OM exceeds the
Dutch threshold of €20,000 per gained QALY according to
economic guidelines. This shows that both NOM and OM
should be openly discussed with SDM in frail patients with
a limited life expectancy who sustain a proximal femoral
fracture while accounting for many factors.

Conclusion

Management of frail institutionalized older patients with
a proximal femoral fracture is associated with significant
healthcare utilization and healthcare costs. The mean total
healthcare costs per person of NOM and OM were €2425

and €9322, respectively. The main cost driver was hospital
admission. The ICER of total costs per QALY from opera-
tive treatment was €76,912 and exceeded the threshold of
€20,000 per QALY. For frail patients at the end of life, NOM
of proximal femoral fractures should be openly discussed
in SDM conversations. Cost reduction could potentially be
achieved via advance care planning in long-term care facili-
ties by consequently reducing ED admissions if patients
decide on NOM in their nursing home.
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