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Abstract: Background: For hip fracture patients with a limited life expectancy, operative and palliative
non-operative management (P-NOM) can yield similar quality of life outcomes. However, evidence
on when to abstain from surgery is lacking. The aim of this study was to quantify the influence of pa-
tient characteristics on surgeons’ decisions to recommend P-NOM. Methods: Dutch surgical residents
and orthopaedic trauma surgeons were enrolled in a conjoint analysis and structured expert judge-
ment (SEJ). The participants assessed 16 patient cases comprising 10 clinically relevant characteristics.
For each case, they recommended either surgery or P-NOM and estimated the 30-day postoperative
mortality risk. Treatment recommendations were analysed using Bayesian logistic regression, and
perceived risks were pooled with equal and performance-based weights using Cooke’s Classical
Model. Results: The conjoint analysis and SEJ were completed by 14 and 9 participants, respec-
tively. Participants were more likely to recommend P-NOM to patients with metastatic carcinomas
(OR: 4.42, CrI: 2.14–8.95), severe heart failure (OR: 4.05, CrI: 1.89–8.29), end-stage renal failure
(OR: 3.54, CrI: 1.76–7.35) and dementia (OR: 3.35, CrI: 1.70–7.06). The patient receiving the most
P-NOM recommendations (12/14) had a pooled perceived risk of 30-day mortality between 50.8 and
62.7%. Conclusions: Overall, comorbidities had the strongest influence on participants’ decisions
to recommend P-NOM. Nevertheless, practice variation and heterogeneity in risk perceptions were
substantial. Hence, more decision support for considering P-NOM is needed.

Keywords: hip fractures; geriatrics; frailty; palliative non-operative management; decision-making;
conjoint analysis; structured expert judgement

1. Introduction

In worldwide practice, operative treatment is considered to be superior over non-operative
management in terms of clinical outcomes for the majority of hip fracture patients [1,2]. It is
well established that the mortality rate is significantly higher in non-operatively treated
patients than in operatively treated patients [3–5]. However, in the case of frail older
adults with a limited life expectancy, surgeons have started to question the superiority of
surgery [6,7]. Clinical guidelines often focus on functional recovery to pre-fracture levels [8],
while patients with a limited life expectancy might prioritise their quality of life (QoL)
instead [9]. In these cases, surgical overtreatment should be avoided due to its negative
repercussions on patients and families, which include iatrogenesis and anxiety [10,11].
Hence, there is increasing awareness that palliative non-operative management (P-NOM)
should be considered as a valid care option amongst frail older adults [7,9,12–15].

Particularly amongst patients of advanced age with multiple physical and cognitive
comorbidities, there is a pressing need for counselling regarding survival prognoses and
advance care planning [16]. By properly informing frail patients on the available treatment
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options and examining how these align with their goals of care through shared decision-
making (SDM) [17], patients and clinicians might come to the conclusion that P-NOM is
preferred. Affirmatively, a single-centre retrospective cohort study found that the percent-
age of patients electing P-NOM increased significantly over the years (2.7% vs. 9.1%) after
implementing comprehensive geriatric assessments with SDM [18]. Still, uncertainties re-
garding the optimal treatment choice might persist during SDM in complex patient cases [7].
A paucity of decision support for P-NOM in current clinical guidelines poses challenges for
the preoperative decision-making process. Therefore, more evidence regarding the choice
between surgery and P-NOM is required to optimise treatment plans for frail older adults.

Only a few studies have thus far investigated the motives behind electing P-NOM.
In most cases, P-NOM was preferred when early mortality or other poor prognoses were
anticipated for operative treatment due to frailty, for example, caused by comorbidities,
poor functional status and declining cognitive functioning [18,19]. While these attributes
could be used to identify patients who would not benefit from operative treatment, it
remains a challenging task. Various prediction models for 30-day mortality following
hip fracture surgery have been developed to identify patients who are unfit for operative
treatment [20–24]. However, these models showcased moderate discriminative ability, mak-
ing them premature for clinical practice. When data-driven approaches are not sufficiently
reliable, domain experts should be consulted [25,26]. The synthesis of clinicians’ treatment
preferences for various patient cases aids in understanding which specific patients would
benefit from which treatments [27].

The current study proposes a clinical vignette methodology to elicit and analyse surgical
residents’ and orthopaedic trauma surgeons’ treatment preferences for frail older hip fracture
patients with limited life expectancy. This is a type of conjoint analysis (CA) [28,29], in which
the decision-making behaviours of medical experts are studied in various scenarios known
as vignettes [30]. A vignette is defined as “a short, carefully constructed description of a
person, object, or situation, representing a systematic combination of characteristics” [31]
(p. 128). Given that clinicians’ judgements of vignettes and their responses to real-life cases
are sufficiently congruent [32], clinical vignette studies provide a means to reliably simulate
and analyse complex decision-making processes in healthcare. The insights gained facilitate
the understanding of which factors are influential in decision-making for surgeons and
help inform clinical practices and policy development to support decision-making [33].

While individual patient attributes may influence physicians’ treatment preferences,
they may also shape their overall perception of patients’ early mortality risks. Capturing
early mortality risk assessments is pertinent since they could influence the likelihood of
considering P-NOM [6–8]. Therefore, the current study proposes to additionally elicit the
perceived risks of 30-day postoperative death for each vignette through a structured expert
judgement (SEJ) [34].

To support preoperative decision-making for frail hip fracture patients with a limited
life expectancy, it is imperative to understand how patient characteristics and mortality
risk perceptions affect treatment decisions. Hence, the aim of this exploratory study is to
conduct a clinical vignette study and SEJ to systematically capture the expertise of surgical
residents and orthopaedic trauma surgeons to synthesise recommendations for clinical
guidelines. To the best of our knowledge, we are the first to conduct a clinical vignette
study and SEJ to examine preoperative decision-making for frail hip fracture patients.

2. Materials and Methods
2.1. Data Collection

The clinical vignette study and SEJ were distributed to surgical residents and or-
thopaedic trauma surgeons from three Dutch hospitals through an online survey between
June and August 2022. Participants were approached through an e-mail explaining the
purpose of the study along with a link to the survey.
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2.2. Selection of Patient Attributes and Levels for the Vignettes

Predictors for early mortality were chosen as primary attributes for the design of the
vignettes, since P-NOM was mostly reserved for patients with a limited life expectancy [8,9].
In our previous work [35], we conducted a systematic review and meta-analysis to identify
these predictors. To analyse participants’ decision-making behaviours as comprehensively
as possible, the vignettes were designed using the maximum number of attributes recom-
mended in practice, that is, 10 attributes [33].

All high-quality evidence predictors for 30-day mortality identified in our meta-
analysis were selected as attributes for the vignettes (age, gender, ASA classification [36],
institutional residence and metastatic cancer). Amongst the moderate-quality evidence
predictors, only those for which confidence in the existence of a true significant association
with mortality was expressed were selected (dementia, renal failure and heart failure). To
increase ecological validity, functional status was included, as guidelines for preoperative
decision-making are centred around functional recovery [9]. Finally, to enforce applicability
to the study population of interest, fracture type was selected as an attribute.

When constructing vignettes, implausible combinations of attribute levels should be
avoided. Amongst the chosen attributes, implausibility concerns were raised for the ASA
score. Since ASA scores increase with the severity of diseases, not all pairs of comorbidities
and ASA scores would be logical to present simultaneously in the vignettes. Hence,
attribute levels of comorbidities were defined such that they were maximally compatible
with all ASA attribute levels chosen in this study. To keep the total number of vignettes
low, the number of attribute levels was mostly restricted to two. Since a dichotomy of
health conditions and functional statuses could potentially be too coarse to inform decision-
making, the vignettes were pilot tested with a surgical resident and orthopaedic trauma
surgeon. Both physicians agreed that it was not necessary to introduce additional attribute
levels. An overview of the attribute levels along with the rationale behind the chosen
definitions is depicted in Table 1.

Table 1. Overview of attributes and their levels as presented to the participants in the vignettes. For
each attribute level, the rationale behind the chosen definition is provided.

Attribute Levels Rationale

Age The patient is in the age group 80–89 years
The patient is 90 years or older

80 years was chosen as a lower bound, based on the average
age of hip fracture patients. The cut-off between the two levels

was based on the observation that complication risks and
mortality rates differed significantly between octogenarians

and nonagenarians [37].

Gender The patient is female
The patient is male -

Fracture type
The patient has an undisplaced femoral neck fracture

The patient has a displaced femoral neck fracture
The patient has an extracapsular fracture

The invasiveness of the required surgical intervention differs
between displaced and undisplaced femoral neck fractures.

Most extracapsular fractures are treated with intramedullary
nails in The Netherlands. Hence, extracapsular fractures were

not further distinguished.

Physical
status

The patient has severe systemic diseases without a constant
threat to life (ASA III)

The patient has severe systemic diseases with a constant
threat to life (ASA IV)

It was anticipated that ASA I, II and V would not require
decision support: all ASA I and II patients would be treated

operatively [8], and all ASA V patients would be
treated non-operatively.

Severe heart
failure

The patient has no severe heart failure (LVEF ≥ 30%)
The patient has severe heart failure (LVEF < 30%)

A moderate-to-severe reduction in left ventricular ejection
fraction (LVEF) is congruent with both ASA III and IV [38,39].

The corresponding cut-off of <30% was based on [40].

Metastatic
carcinoma

The patient has no metastatic carcinomas
The patient has metastatic carcinomas

The presence of non-metastatic cancer only increases the 30-day
mortality risk weakly [35]. Hence, patients without metastases

were not further distinguished into cancer-free and
non-metastatic cancer patients.
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Table 1. Cont.

Attribute Levels Rationale

End-stage
renal failure

The patient has no end-stage renal failure requiring dialysis
The patient has end-stage renal failure requiring dialysis

The dialysis requirement complies with both the ASA III and
ASA IV classifications [38,39]. Due to the high prevalence of renal
failure amongst adults aged ≥80 years [41], no distinction was

made between mild renal failure and the absence of renal failure.

Preoperative
residence

The patient lived at home prior to admission
The patient lived in a care institution prior to admission -

Functional status * The patient has no severe functional handicaps (Katz 3–6)
The patient has severe functional handicaps (Katz 0–2)

Low pre-fracture functioning was a common reason for
choosing non-operative treatment [9,18]. Hence, the extreme

end of the Katz scale was chosen.

Dementia The patient has no dementia
The patient has dementia

Dementia is a well-known predictor of postoperative
delirium [42–44]. A single level for dementia was thus thought

to be sufficient to influence clinicians’ decisions.

* Participants were provided with a link to a document where the Katz scores were explained in more detail,
where 0 was defined as completely dependent and 6 as functionally independent.

2.3. Experimental Design of Patient Vignettes

The 10 attributes yielded a full factorial design comprising 29 × 3 = 1536 vignettes.
However, one attribute level combination was deemed implausible: ASA III paired with
metastatic cancer [45]. Hence, all vignettes containing this combination were removed from
the full factorial design to reduce measurement errors [46], leaving a total of 1152 vignettes.
As it was not feasible to present all 1152 vignettes to each participant, a D-optimal main
effects design [47] was generated from this subset with R version 4.0.2 using the skpr
package [48]. Through experimental designs, smaller subsets of vignettes can be selected
while safeguarding the precision and unbiasedness of the statistical analysis [49]. The
number of vignettes was minimised by inspecting the relative gain in D-efficiency upon
increasing the number of vignettes over a range of 12 to 24. Based on these trials, a design
comprising 16 vignettes with a D-efficiency of 94.4% was chosen. The full experimental
design can be found in Table A1 of Appendix A.

2.4. Survey Design

The survey consisted of four sections. The first section covered background questions
about participants’ medical professional status and years of working experience. In the
second section, they were presented with the vignettes. For each vignette, they were
asked to (1) recommend either surgery or P-NOM, (2) rate how certain they were about the
optimality of their recommendation on a 5-point Likert scale and (3) estimate the probability
of 30-day postoperative mortality. Whenever they elected operative treatment, they were
asked whether the treatment intentions were palliative or curative. In the third section,
participants answered 14 SEJ questions to assess their expertise in mortality prediction.
Finally, participants gave feedback on information they missed in the vignettes.

2.5. Elicitation and Analysis of Treatment Preferences

The aim of the vignette study was to quantify the average impact of patient attributes
on participants’ treatment preferences in terms of odds ratios (ORs). ORs were estimated
using a hierarchical Bayesian logit with random intercepts, in which treatment choices were
regressed against the attributes in the vignettes. To examine the degree to which treatment
recommendations could be explained by participants’ personal preferences rather than
changes in attribute levels, the intraclass correlation coefficient (ICC) was computed.

A Bayesian estimation framework was chosen for the main analysis since a low
response rate to the survey was anticipated. When prior knowledge about the effect sizes
of the individual attributes is available, Bayesian models can still provide valid regression
outcomes despite small sample sizes [50–54]. Since early mortality risk is the primary
reason for electing P-NOM [8], we assumed that the attributes’ prognostic values for death
could be seen as proxies for participants’ inclinations to choose P-NOM. Therefore, we
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primarily used our systematic review and meta-analysis for predictors of early mortality to
derive prior knowledge on the effect sizes and uncertainties around the beta coefficients of
the Bayesian model (see Table 2). We followed the When-to-Worry-and-How-to-Avoid-the-
Misuse-of-Bayesian-Statistics checklist to ensure methodological rigour [55].

Table 2. Overview of prior specifications expressed on a logarithmic scale. All betas denote log odds
ratios (ORs).

Parameter Distribution Specification Prior Type Background Knowledge

β0 Normal N(−2.75, 1) Weakly
informative

Here, 3% of the Dutch patients are treated non-operatively [56]. As the
vignettes exclude ASA I-II, β0 was expected to be slightly higher. The
prior yields a mean probability of 6.0% (95% CrI: 0.9–31.2%) in favour

of P-NOM for the null model.

βgender Normal N(0.09, 1) Weakly
informative

Male gender is a high-quality evidence predictor for 30-day
mortality [35]. However, it was deemed unlikely that this would be

reflected in participants’ treatment preferences. Hence, the
informativeness of the prior was decreased, yielding a mean OR of

1.1 (95% CrI: 0.15–7.80) in favour of P-NOM.

βextracapsular Normal N(0.09, 1) Weakly
informative

Compared to undisplaced femoral neck fractures, extracapsular
fractures have a higher postoperative anaemia incidence [57]. Due to
the lack of strong evidence for increased mortality risk [58], a small

mean OR of 1.1 (95% CrI: 0.15–7.80) in favour of P-NOM was assumed.

βDFN Normal N(0.18, 1) Weakly
informative

Displaced femoral neck fractures require more invasive surgical
intervention than their undisplaced counterparts. As quantitative

evidence was lacking, a small mean OR of 1.2 (95% CrI: 0.17–8.51) in
favour of P-NOM was assumed.

βASA Normal N(0.69, 1) Informative

ASA scores increase 30-day mortality risk with an OR of 2.62 (95% CI:
2.21–3.12) per point increase [35]. During the vignette study pilot test,
a surgical resident expressed indifference towards ASA scores due to

the subjectivity of the scoring system. A relatively wide prior was
chosen to reflect uncertainty in the influence of ASA scores, with a

mean OR of 2.0 (95% CrI: 0.5–7.99) in favour of P-NOM.

βheart Normal N(0.69, 0.5) Informative
Heart failure increases the risk of 30-day mortality with an OR of

2.18 (95% CI: 1.25–3.82) [35]. The prior yields a mean OR of
2.0 (95% CrI: 0.50–7.98) in favour of P-NOM.

βmetastasis Normal N(0.92, 0.3) Informative

Metastasis increases the 30-day mortality risk with an OR of
2.83 (95% CI: 2.58–3.10) [35]. The informativeness of the prior was

increased due to the high quality of the evidence and the narrow CI
width. The prior yields a mean OR of 2.5 (95% CrI: 0.85–7.32) in favour

of P-NOM.

βESRF Normal N(0.79, 0.5) Informative

Chronic renal failure increases the risk of 30-day mortality with an OR
of 1.61 (95% CI: 1.11–2.34) [35]. The risk is even higher for ESRF

(95% CI: 3.57–12.58) [59]. The prior yields a mean OR of
2.2 (95% CrI: 0.55–8.81) in favour of P-NOM.

βinstitution Normal N(0.47, 0.5) Informative
Institutional residence increases the risk of 30-day mortality with an

OR of 1.81 (95% CI: 1.31–2.49) [35]. The prior yields a mean OR of
1.6 (95% CrI: 0.40–6.42) in favour of P-NOM.

βfunctional Normal N(0.47, 0.7) Informative

The effect size of severe functional handicaps was assumed to be
similar to that of institutional residence. However, due to the lack of

quantitative evidence, a slightly wider prior was specified with a
mean OR of 1.6 (95% CrI: 0.31–8.26).

βdementia Normal N(0.34, 0.5) Informative
Dementia increases the risk of 30-day mortality with an OR of

1.57 (95% CI: 1.30–1.90) [35]. The prior yields a mean OR of
1.4 (95% CrI: 0.35–5.60) in favour of P-NOM.

ui Normal N(0, σ2
u) Uninformative N/A

σ2
u Inverse Wishart IW(1, 1) Uninformative N/A

εi,j
Multivariate

normal MVN(0, I) 1 Uninformative N/A

DFN displaced femoral neck fracture, ASA American Society of Anesthesiologists physical status classification,
ESRF end-stage renal failure, ui random intercept term for a single participant, σ2

u variance of ui, εi,j random
error term for a single participant and vignette, CrI credible interval. 1 Multivariate normal distribution with the
mean vector equal to the zero vector and the covariance matrix equal to the identity matrix.
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The posterior distributions for each regression coefficient were estimated via Markov
Chain Monte Carlo (MCMC) sampling [60]. For this, 15,000 posterior samples were
drawn after a burn-in phase of 1000 samples. Point estimates were obtained by com-
puting the posterior means. The model was implemented in R version 4.0.2, using the
MCMCpack package [61].

2.6. Bayesian Convergence Diagnostics and Sensitivity Analysis

To ensure that the regression coefficients had converged to stable estimates, several
diagnostic tests were conducted. First, trace and autocorrelation plots were inspected for
MCMC convergence. The stationarity of the Markov chains was assessed with Geweke’s
convergence test [62]. Second, to determine whether the resulting posteriors were suffi-
ciently smooth, histograms of the posterior draws were inspected.

Finally, to assess the extent to which our prior beliefs affected the ORs, the regression
analysis was re-evaluated with noninformative priors, that is, N(0, 2), which neither
favoured P-NOM nor surgery. The influence of priors was considered (1) small if the
relative deviation (RD) was at most 10% and the substantive results remained the same,
(2) moderate if 10% < RD ≤ 20% and the substantive results remained the same and
(3) large otherwise.

RD = 100% × |ORinformative − ORuninformative|/ORinformative (1)

2.7. A Priori Power Analysis and Sample Size Calculations

Health policy recommendations based on non-significant outcomes should not be
made without considering whether the study had sufficient power to detect small yet mean-
ingful effects [63]. Therefore, an a priori power analysis was conducted using 10,000 Monte
Carlo simulations [64]. For simplicity, a logit model was used as an analytical outcome
model in the simulations to obtain a rough estimate for the required sample size. The
resulting power curves shown in Figure 1 indicated that approximately 55 participants
were required to attain a power above 60% for 8/11 attribute levels.
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2.8. Elicitation and Analysis of Risk Perceptions

The goal of the SEJ was to elicit and aggregate participants’ 30-day mortality risk
perceptions of frail geriatric patients undergoing hip fracture surgery. Expert elicitation
was performed using Cooke’s Classical Model for SEJs [34]. The Classical Model enforces
empirical control by first scoring how statistically accurate and informative participants are
in the estimation of verifiable variables, prior to aggregating their judgements on unknown
variables. Participants with higher scores are assigned higher performance-based weights
in the aggregation to obtain the best estimate of the unknown target variable.

Calibration questions were used to measure participants’ performances. In this case,
calibration questions referred to verifiable questions about 30-day mortality prevalence
percentages amongst subpopulations of hip fracture patients. Participants are not expected
to know the exact percentages but should be able to capture them reliably based on their
expertise by defining adequate credible intervals (CrIs). The 5th, 50th and 95th percentiles
(q5, q50 and q95) were chosen for CrI elicitation, as this is the most common practice in
SEJs [56,65]. Through such 90% CrIs, participants express their beliefs that there is a 90%
chance that the true mortality rate falls between q5 and q95.

2.9. Structured Expert Judgement Instruments

For each vignette, the following target question was posed: “According to you, what
is the probability that a patient with these characteristics would die within 30 days after
hip fracture surgery?” Participants were asked to choose a probability bin from the set
(0–0.1), (0.1–0.2), . . ., (0.9–1.0), which reflected their beliefs best. The middle value of each
bin functioned as a point estimate for pooling later in the analysis.

Calibration questions were based on 30-day mortality data from the Dutch Hip Fracture
Audit Taskforce Indicators (DHFA-TFI) group [57], which described a total of 7506 patients.
To ensure similarity with the target questions, calibration questions were based on patient
subgroups, which resembled the vignettes. Similarity was ensured through age matching
(≥80 years) and choosing overlapping attributes: gender, fracture type, dementia, func-
tional status in ADL, ASA scores and institutional residence. Since these characteristics
were insufficient to construct ample diverse calibration questions, mobility, malnutrition
and anaemia were included as additional attributes. An example of a calibration question is:
“How many percent of the hip fracture patients aged 90 years or older, who were mobile
without walking aids and did not have dementia, died within 30 days following hip frac-
ture surgery between 2017 and 2019, according to the DHFA-TFI group?” All 14 calibration
questions can be found in Table A2 of Appendix A.

The ground truth of the calibration questions could not be obtained directly from
the DHFA-TFI cohort since there were missing data. Information on 30-day mortality
was missing for 19.5% of the 7506 patients. Missing entries were imputed with Multiple
Imputation by Chained Equations (MICE) [58]. MICE was used to create 20 imputed data
sets [58], from which the 30-day mortality percentages were extracted and pooled. With
the true mortality rates available, participants’ performances could be measured using two
scoring metrics: the calibration score and the information score.

2.10. Expert Scoring and Performance Weighting

The calibration score evaluated the statistical accuracy of participants’ CrIs. Calibration
was measured by examining how well they captured the true 30-day mortality rates across
the four inter-percentile ranges: <q5, (q5–q50), (q50–q95) and >q95. Participants were said to
be well-calibrated if their 90% CrIs captured the true 30-day mortality rates across 90% of the
calibration questions, such that the true values fell below q5 in 5% of the cases, between q5
and q50 in 45% of the cases, between q50 and q95 in 45% of the cases, and above q95 in 5% of
the cases. The calibration score was defined as the p-value of a Chi-squared test examining
whether the CrIs indeed captured the true mortality rates according to this theoretical
distribution. A calibration score of 1 indicated the highest level of statistical accuracy.
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The information score indicated the degree to which participants deemed some values
more likely to be true than others. As they could in theory achieve perfect statistical accuracy
by specifying overly wide CrIs, the information score was introduced to compensate for
this. Participants received higher information scores if they specified more concentrated
CrIs. The computational steps are described in more detail elsewhere [59].

Finally, the calibration scores and information scores were multiplied for each partici-
pant to obtain an overall performance weight. The weights were then normalised, such
that they summed to 1 across all participants. For each vignette, the estimated probabilities
of 30-day mortality were then combined into a performance-weighted average. Pooling
with equal weights was performed as a sensitivity analysis.

3. Results
3.1. Respondents

In total, 21 survey responses were collected. These included 14 complete responses
for the clinical vignette study (6 orthopaedic trauma surgeons and 8 surgical residents),
of which 9 were also complete for the SEJ (4 orthopaedic trauma surgeons and 5 surgical
residents). The medians and interquartile ranges of years of experience for orthopaedic
trauma surgeons and surgical residents were 11.3 (8.5–18.1) and 4.0 (2.8–5.0), respectively.

3.2. Results of the Vignette Study

Table 3 depicts the outcomes of the vignette study. Amongst the inspected patient
attributes, only four showcased 95% CrIs, which did not overlap with the null effect.
In descending order of effect size, these were metastatic carcinoma (OR: 4.42, 95% CrI:
2.14–8.95), severe heart failure (OR: 4.05, 95% CrI: 1.89–8.29), end-stage renal failure (OR:
3.54, 95% CrI: 1.76–7.35) and dementia (OR: 3.35, 95% CrI: 1.70–7.06). From the estimated
ORs, comorbid conditions appeared to affect the likelihood of recommending P-NOM the
most. For instance, the odds that patients with metastatic carcinomas received a P-NOM
recommendation were 4.42 times higher than for patients without metastatic carcinomas.

Table 3. Influence of patient characteristics on preferences for palliative non-operative management.
Differences in odds ratios due to prior assumptions are quantified as relative deviations.

Attribute Level Informative Priors Noninformative Priors Deviation

Odds Ratio 95% CrI Odds Ratio 95% CrI

Metastatic carcinoma
Present 4.42 2.14–8.95 6.41 2.43–16.78 45.0%

Absent *

Severe heart failure
Present 4.05 1.89–8.29 4.72 2.13–11.48 16.5%

Absent *

End-stage renal failure Present 3.54 1.76–7.35 3.70 1.56–8.86 4.5%
Absent *

Dementia
Present 3.35 1.70–7.06 3.96 1.75–10.03 18.2%

Absent *

Physical status ASA IV 1.92 0.92–4.37 1.49 0.63–3.84 22.4%
ASA III *

Preoperative residence Institution 1.85 0.97–3.59 1.90 0.81–4.36 2.7%
Home *

Functional status
Severe handicaps 1.71 0.83–3.49 1.65 0.72–3.81 3.5%

No severe handicaps *

Gender
Male 1.55 0.74–3.42 1.53 0.67–3.58 1.3%

Female *

Age ≥90 years 1.20 0.54–2.59 1.12 0.49–2.56 6.7%
80–89 years *

Fracture type
Displaced femoral neck 1.00 0.41–2.41 0.85 0.32–2.34 15.0%

Extracapsular 0.81 0.34–1.92 0.67 0.26–1.83 17.3%
Undisplaced femoral neck *

* Reference level. The 95% CrIs displayed in bold are strictly non-overlapping with the null effect.
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For all regression coefficients, the diagnostic tests indicated that the estimates were
stable (see Appendix B). Furthermore, all substantive conclusions, that is, whether the
CrIs were non-overlapping with the null effect, were robust with respect to the decreased
informativeness of priors. The sensitivity analysis showed that the informative priors had
little influence on the ORs of end-stage renal failure, preoperative residence, functional
status, gender and age. The prior influence was moderate for severe heart failure, dementia
and fracture type. Finally, priors were highly influential for the effect estimates of metastatic
carcinoma and physical status.

3.3. Results of the Structured Expert Judgement

Figure 2 depicts the responses to the 14 calibration questions of nine participants
who completed the SEJ. Only two participants (surgical residents) managed to achieve
calibration scores above 0.05, indicating that they were well-calibrated. With calibration
scores of 0.53 and 0.32, their judgements accounted for a cumulative normalised weight of
93% in the performance-weighted pooled estimates.
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An overview of the 30-day mortality probability estimates obtained through linear
opinion pooling with equal weights and performance-based weights is shown in Figure 3b.
For each vignette, the performance-based weights estimates were consistently lower than
the equal weights estimates. This entailed that those who had high calibration scores,
estimated lower mortality risks than the average participants in the study sample. The
pooled probabilities across all vignettes ranged between 20.7–62.7% and 11.9–50.8% for
equal and performance-based weights, respectively.
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Figure 3. Distribution of participants’ responses to the 16 vignettes. Vignettes were sorted in de-
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of the estimated 30-day mortality risks per vignette. Circles denote the mean probabilities (equal
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3.4. Heterogeneity in Treatment Preferences and Risk Perceptions

The trends shown in Figure 3 indicated that P-NOM was more frequently recom-
mended to patients for whom a higher 30-day mortality risk was prognosticated on average.
However, preferences for P-NOM differed considerably from participant to participant.
The ICC was estimated at 0.299, which entailed that personal differences between par-
ticipants explained 29.9% of the treatment recommendations. The apparent preference
heterogeneity can be further exemplified by examining the P-NOM choice proportions
across individual participants (see Table 4). On the highest extreme, four orthopaedic
trauma surgeons each recommended P-NOM 10–12 times. On the lowest extreme, four
surgical residents each recommended P-NOM 0–3 times. Hence, although participants
expressed low degrees of uncertainty in the optimality of their elected treatments (see
Figure 3a), their recommendations were divided.

Table 4. Summary of responses to the vignette study and structured expert judgement on participant
level. Responses have been summarised across all 16 vignettes, with the risk range referring to the
mortality risk for the best- and worst-case survival patients as estimated by the orthopaedic trauma
surgeon/surgical resident.

Profession Experience P-NOM Recommendations Risk Range

Orthopaedic trauma surgeon >10 years 12/16 vignettes 35–95%
Orthopaedic trauma surgeon >10 years 10/16 vignettes 25–65%
Orthopaedic trauma surgeon >10 years 4/16 vignettes 35–75%
Orthopaedic trauma surgeon 5–10 years 12/16 vignettes 15–65%
Orthopaedic trauma surgeon 5–10 years 11/16 vignettes 5–35%
Orthopaedic trauma surgeon 5–10 years 3/16 vignettes 15–55%

Surgical resident 5–10 years 7/16 vignettes 15–85%
Surgical resident 5–10 years 3/16 vignettes 5–55%
Surgical resident 5–10 years 2/16 vignettes 5–65%
Surgical resident <5 years 8/16 vignettes 15–55%
Surgical resident <5 years 4/16 vignettes 15–95%
Surgical resident <5 years 2/16 vignettes 65–95%
Surgical resident <5 years 2/16 vignettes 15–75%
Surgical resident <5 years 0/16 vignettes 15–35%
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Furthermore, as shown in Figure 3b, participants’ perceptions of 30-day mortality risks
were also highly dispersed. For vignettes 8 and 16, for instance, the estimated prognoses
varied between 15 and 95%. On the individual participant level, a difference in how
sensitive their risk perceptions were to changes in patient attributes was observed as well
(see Table 4). For three participants, the perceived mortality risk between the best- and
worst-case survival patients only differed by 20–30 percentage points. For five others, this
difference was 60–80 percentage points.

3.5. Participants’ Feedback

In total, nine participants provided feedback on what information they missed in the
vignette descriptions. Two participants expressed that they did not need any additional
information. The remaining participants expressed a wish for more clinical details, that is,
patients’ pulmonary status, survival prognoses for metastatic cancer, mobility status, and
the motivation behind high ASA scores. Additionally, participants expressed that aspects of
real-life decision-making were lacking in the vignettes. For example, second opinions from
geriatricians, anaesthesiologists and cardiologists could have helped in shaping a better
treatment proposal. Furthermore, the nuances of being able to look patients in the eye
and ask them and their relatives about their personal treatment preferences were deemed
important in real-life decision-making as well.

4. Discussion

This paper reports on the first quantitative decision analysis of surgical residents’ and
orthopaedic trauma surgeons’ P-NOM recommendations for hypothetical cases of frail
geriatric hip fracture patients. The results showed that metastatic carcinoma, severe heart
failure, end-stage renal failure and dementia had the strongest influence on their preferences
to recommend P-NOM. While cancer, renal insufficiency and dementia were already identi-
fied as common comorbidities in non-operatively treated hip fracture patients [13], we are
the first to quantify their impact on physicians’ treatment recommendations. Furthermore,
we found that preferences for P-NOM generally increased with perceived mortality risks.
These findings underline and confirm that comorbidities leading to increased mortality risk
are some of the strongest indicators to favour P-NOM over surgery [8,66].

However, some of these findings were unexpected, given the a priori hypotheses.
First, based on the power analysis with an assumed OR of 1.4, no significant effect was
expected to be found for the influence of dementia. In fact, with an observed OR of 3.35,
dementia appeared to have a substantially higher influence on preferences for P-NOM than
hypothesised. Second, the estimated effect size of metastatic carcinoma appeared to be
highly influenced by the specification of the informative prior. The a priori assumed OR of
2.5 was substantially smaller than the observed ORs of 4.42 (2.14–8.95) and 6.41 (2.43–16.78)
for informative and noninformative priors, respectively. This gives rise to the question of
whether the influence of these attributes was undervalued in the a priori hypotheses or
whether participants overvalued these attributes.

In retrospect, we would like to plead for the former. The a priori assumed effect sizes
of the attributes were solely estimated based on their prognostic value for 30-day mortality.
Initially, the assumption was made that 30-mortality risk could function as a viable proxy
to model the ORs in the vignette study, since the risk of early death is a leading argument
to elect P-NOM according to the national guidelines [8]. However, 30-day mortality risk
alone may not be sufficient to fully encompass the benefit of P-NOM, as it overlooks QoL
considerations [9]. A previous study found that over 90% of the 271 surveyed healthcare
providers expressed that a poor postoperative QoL prospect was a common reason for
them to treat frail geriatric hip fracture patients non-operatively [66]. Hence, we may have
undervalued the influence of dementia and metastatic carcinomas in the priors as QoL was
not accounted for. To substantiate these claims, important QoL considerations for both
conditions will be delineated.
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First, it is increasingly acknowledged that dementia is a terminal condition [67–69]
that necessitates palliative care assessments [70]. This necessity is particularly pronounced
in the advanced stages of dementia, with inclinations towards self-neglect in the form of
malnutrition due to dysphagia [67]. In end-of-life care for demented older adults, Dutch
clinicians agree that forgoing artificial nutrition and hydration (ANH) could be good medi-
cal practice [71], as ANH prolongs patients’ lives at the expense of serious discomfort [72].
Hence, safeguarding the QoL of demented patients may in fact entail safeguarding a hu-
mane death. However, these circumstances may not be applicable to all demented hip
fracture patients, but primarily to those with advanced dementia [18]. Nevertheless, since
preoperative dementia is a well-known significant risk factor for postoperative delirium,
surgery may accelerate patients’ cognitive decline [42–44]. With these outcomes in mind,
the perceived benefit of P-NOM may come from poor postoperative QoL prognoses, on top
of increased mortality risk.

Second, recovery-oriented surgery is unlikely to improve the well-being of geriatric
hip fracture patients who are debilitated by advanced malignancy [6]. While pain reduction
could be a viable reason to elect surgery [73], the treatment’s benefit depends on the
patient’s age and health status. Preference studies have shown that cancer patients aged
65 years and older are less willing to trade prolonged survival for decreased QoL than their
younger counterparts [74]. Especially for those who are frail and suffer from metastasis,
the best supportive care could be preferred due to its acceptable outcomes with respect
to QoL [75–77]. Therefore, considering the implications of frailty and patients’ end-of-life
preferences, QoL aspects may have contributed to the perceived benefit of P-NOM for hip
fracture patients with metastatic cancer.

While several patient attributes were found to be critical for preoperative decision-
making, it should be noted that treatment preferences were rather heterogeneous. On the
one hand, heterogeneity in stated preferences could be attributable to the simplified nature
of the vignettes, leading to a lack of nuances, which could have helped participants assess
the patient cases more confidently and reliably. On the other hand, even for vignettes where
participants consistently expressed (high) certainty for the optimality of their treatment
recommendations, stated preferences remained divided. These observations are most likely
reflecting the lack of guidelines for considering P-NOM.

Besides that, substantial heterogeneity in 30-day mortality risk perceptions was ob-
served as well. This exemplifies the need for objective 30-day mortality prediction models
to streamline risk perceptions. Through the SEJ, an attempt was made to forge a rational
consensus between participants’ dispersed risk estimates. Through linear opinion pool-
ing with performance-based weights, the expert judgements yielded a 30-day mortality
prediction range between 11.9 and 50.8% across all vignettes. However, the maximum
risk estimate appeared to be rather low, considering that it was the prognosis for a male
institutionalised ASA IV patient between the ages of 80 and 89 years with severe functional
handicaps, severe heart failure, metastatic cancer and end-stage renal failure.

To place the expert-driven estimates into perspective, a comparison was made with
data-driven prediction models. An overview of the maximum predicted risks and the
respective predictor variables of the Nottingham Hip Fracture Score (NHFS) [22], Almelo
Hip Fracture Score (AHFS) [20], AHFS90 [78] and Brabant Hip Fracture Score (BHFS) [21] is
shown in Table 5. This overview shows that most predictors also appear in the vignettes.
The vignettes, however, include three strong predictors for 30-day mortality that are not
included in the prediction models: metastatic cancer, severe heart failure and end-stage
renal failure. Based on our systematic review [35], we observed that these predictors have
larger effect sizes than most of the other predictors considered in the NHFS, AHFS, AHFS90

and BHFS. Yet, the performance-based weights estimate only attained a marginally higher
maximum risk than the NHFS and BHFS. In comparison to the AHFS and the AHFS90,
physicians’ collective judgements were lower, regardless of using equal or performance-
based weights. As the maximum AHFS and AHFS90 were computed in a relatively healthy
population compared to the vignettes, physicians’ collective estimates are likely downward
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biassed for the most vulnerable patients. Thus, patients at high risk of early mortality are
potentially underidentified in practice.

Table 5. Comparison of maximum 30-day mortality risks as estimated by prediction models and
physicians’ judgements. Attributes included in prediction models/vignette are marked with an X.

Attribute
30-Day Mortality Prediction Models Physicians

NHFS
(45.0%)

AHFS
(68.4%)

AHFS90

(64.5%)
BHFS

(46.6%)
EW

(62.9%)
PW

(50.8%)

Age X X X X X X
Gender X X X X X X

Preoperative residence X X X X X X
History of malignancy X X X X 1 X 1

Cognitive impairment X X X X X
Admission haemoglobin X X X X

ASA classification X X X X
Number of comorbidities X X

Mobility X
COPD X

Diabetes X
Functional status X X

Severe heart failure X X
End-stage renal failure X X

Fracture type X X

NHFS Nottingham Hip Fracture Score, AHFS Almelo Hip Fracture Score, AHFS90 Almelo Hip Fracture Score
in patients aged ≥90 years, BHFS Brabant Hip Fracture Score, EW equally weighted pooled estimate, PW
performance-weighted pooled estimate, ASA American Society of Anesthesiologists physical status classification,
COPD chronic obstructive pulmonary disease. 1 Malignancy was exclusively defined as metastatic cancer.

However, several limitations may have downward biassed the equal and performance-
based weight estimates for the most vulnerable patients. Since only nine participants
completed the SEJ, underestimations may have been observed due to chance. Replication
of the study in a larger cohort is necessary to confirm the findings. Nevertheless, two well-
calibrated surgical residents were observed in this sample, accounting for a cumulative
weight of 93% in the pooled estimates. Based on the premise of the SEJ, it is counterintuitive
that they underestimated the 30-day mortality risk for the most vulnerable patients. It is
postulated that the calibration questions did not capture the relevant range of expertise for
the diverse vignettes, as the questions’ true realisations were limited to 30-day mortality
rates between 3.9 and 33.2%. As the SEJ instrument calibrated participants to relatively
healthy patients, a high calibration score did not reflect accurate predictions for high-risk
patients. Future researchers should examine how the limited data on high-risk patients can
be used more effectively to develop representative calibration questions.

Another limitation of this study was that the multi-faceted decision context was solely
represented by surgical residents and orthopaedic trauma surgeons. Recommending ad-
equate palliative care remains a challenging task, as trade-offs are to be made between
relieving pain through surgery with risks of iatrogenesis [10,11] and resorting to analgesics
in P-NOM with higher risks of pain undertreatment [9]. In our study, the participants ex-
pressed that the perspectives of other clinicians, such as geriatricians and anaesthesiologists,
could have helped in improving the adequacy of the treatment proposals. Affirmatively,
studies have shown that consultations with geriatricians were highly influential in the preop-
erative decision-making process [18]. Hence, the expertise from a broader group of clinical
stakeholders may be necessary to adequately develop guidelines for considering P-NOM.

Finally, the results of the vignette study should be interpreted with caution due to the
small sample size. According to our a priori power analysis, the study was only sufficiently
powered for a few attributes: metastatic carcinoma, severe heart failure and end-stage renal
failure. Increasing the sample size will likely result in the detection of meaningful effects
for physical status, preoperative residence and functional status, since the ORs of these
attributes have 95% CrIs, which are close to non-overlapping with the null effect. As it may
be challenging to enrol sufficient participants, our posterior distributions could be used as
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highly informative priors in future work. By systematically updating the evidence found in
this study through a Bayesian framework, the foundations laid here may strongly alleviate
large sample size requirements in future studies.

5. Conclusions

This study demonstrated that the presence of metastatic carcinomas (OR: 4.42, CrI:
2.14–8.95), severe heart failure (OR: 4.05, CrI: 1.89–8.29), end-stage renal failure (OR: 3.54,
CrI: 1.76–7.35) and dementia (OR: 3.35, CrI: 1.70–7.06) had the strongest influence on the
decisions of surgical residents and orthopaedic trauma surgeons to favour P-NOM in frail
geriatric hip fracture patients. Although they were more inclined to abstain from surgery
amongst patients for whom higher 30-day mortality risks were prognosticated on average,
heterogeneity in treatment preferences and risk perceptions was substantial. Hence, objec-
tive 30-day mortality prediction models should be used in clinical practice to streamline risk
perceptions. However, objective mortality risk estimates alone are postulated to be insuffi-
cient to identify eligible candidates for P-NOM. Although meta-analyses revealed that some
of the examined attributes were of small-to-moderate prognostic value for 30-day mortality,
surgical residents and orthopaedic trauma surgeons could still strongly associate them with
favouring P-NOM. The increased impact of these attributes is presumably derived from
poor postoperative QoL prognoses, in addition to increased 30-day mortality risk. Hence,
based on the stated preferences, more emphasis may need to be put on QoL considerations
in clinical guidelines, to adequately provide decision support for considering P-NOM.
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Appendix A

Table A1. Complete descriptions of the 16 vignettes included in the experimental design.

ID ASA Fracture Gender Age Severe Functional
Handicaps Residence Dementia Severe Heart

Failure Metastasis ESRF

1 III DFN Female 80–89 No Home No No No No

2 IV UFN Female 90+ No Home No Yes No Yes

3 IV DFN Female 90+ No Institution Yes No Yes Yes

4 IV EXT Male 80–89 Yes Institution No Yes Yes Yes

5 IV EXT Female 90+ Yes Home No No Yes No

6 III DFN Male 80–89 Yes Home Yes No No Yes

7 IV UFN Female 80–89 Yes Institution Yes No No Yes
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Table A1. Cont.

ID ASA Fracture Gender Age Severe Functional
Handicaps Residence Dementia Severe Heart

Failure Metastasis ESRF

8 IV UFN Male 80–89 No Home Yes Yes Yes No

9 IV DFN Male 90+ Yes Home Yes Yes Yes No

10 III EXT Female 90+ Yes Home Yes Yes Yes Yes

11 IV DFN Female 80–89 Yes Institution No Yes Yes No

12 III DFN Male 90+ No Institution No Yes Yes Yes

13 III UFN Male 90+ Yes Institution No No Yes No

14 IV EXT Male 80–89 No Home No No Yes Yes

15 IV EXT Male 90+ No Institution Yes No Yes No

16 III EXT Female 80–89 No Institution Yes Yes Yes No

ASA American Society of Anesthesiologists physical status classification, ESRF end-stage renal failure, DFN
displaced femoral neck, UFN undisplaced femoral neck, EXT extracapsular.

Table A2. Overview of calibration questions and the corresponding 30-day mortality rates according
to the Dutch Hip Fracture Audit Taskforce Indicators (DHFA-TF) group.

ID Calibration Question Mortality

1 How many percent of the female hip fracture patients aged 80 years or older died within 30 days following hip fracture
surgery between 2017 and 2019, according to the DHFA-TFI group? 8.0%

2 How many percent of the male hip fracture patients aged 90 years or older died within 30 days following hip fracture
surgery between 2017 and 2019, according to the DHFA-TFI group? 18.3%

3 How many percent of the hip fracture patients aged 85 years or older with an ASA IV classification died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 25.9%

4 How many percent of the hip fracture patients aged 80 years or older with an ASA II-III classification died within 30 days
following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 8.2%

5
How many percent of the hip fracture patients aged 80 years or older with a high risk of malnutrition

(SNAQ score ≥ 3) and pre-fracture institutional residence died within 30 days following hip fracture surgery between
2017 and 2019, according to the DHFA-TFI group?

22.8%

6
How many percent of the hip fracture patients aged 80 years or older with a high risk of malnutrition

(SNAQ score ≥ 3) and preoperative anaemia died within 30 days following hip fracture surgery between 2017 and 2019,
according to the DHFA-TFI group?

13.9%

7 How many percent of the hip fracture patients aged 80 years or older with a displaced femoral neck fracture died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 6.5%

8
How many percent of the hip fracture patients aged 80 years or older who were fully independent in activities of daily
living (Katz score of 6) and at low risk of malnutrition (SNAQ score ≥ 1) died within 30 days following hip fracture

surgery between 2017 and 2019, according to the DHFA-TFI group?
4.2%

9
How many percent of the hip fracture patients aged 90 years or older, who were mobile without walking aids and did

not have dementia, died within 30 days following hip fracture surgery between 2017 and 2019, according to the
DHFA-TFI group?

10.2%

10
How many percent of the hip fracture patients aged 80 years or older with an ASA IV classification and prefracture
institutional residence died within 30 days following hip fracture surgery between 2017 and 2019, according to the

DHFA-TFI group?
33.2%

11 How many percent of the hip fracture patients aged 90 years or older with an extracapsular fracture and preoperative
anaemia died within 30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 15.7%

12 How many percent of the hip fracture patients aged 90 years or older with an ASA I-II classification died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 3.9%

13
How many percent of the hip fracture patients aged 90 years or older with an ASA III-IV classification, dementia and

pre-fracture institutional residence died within 30 days following hip fracture surgery between 2017 and 2019,
according to the DHFA-TFI group?

23.2%

14 How many percent of the hip fracture patients aged 90 years or older with severe functional handicaps (Katz score 0–2) died
within 30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 16.7%

Katz and SNAQ scores were explained to the participants. Patient characteristics of interest were emphasised in
bold to improve the readability of the calibration questions in the survey.
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Appendix B

Convergence of the Markov chains was confirmed visually by inspection of the trace
plots (see Figures A1–A3) and autocorrelation plots (see Figure A4). The trendless trace
plots and rapid decays in the autocorrelation plots were indicative of healthy convergence.
Furthermore, Geweke’s convergence test yielded p-values above 0.05 for all regression
coefficients, implying that stationarity could be assumed. Upon inspecting the frequency
histograms of the posterior draws (see Figure A5), the distributions appeared to be smooth
without substantial gaps between the bins. Hence, 15,000 samples were ample enough to
adequately represent the posterior distributions.
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