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Introduction: Identification of high-risk hip fracture patients in an early stage is vital for guiding surgical
management and shared decision making. To objective of this study was to perform an external interna-
tional validation study of the U-HIP prediction model for in-hospital mortality in geriatric patients with
a hip fracture undergoing surgery.

Materials and methods: In this retrospective cohort study, data were used from The American College of
Surgeons National Surgical Quality Improvement Program. Patients aged 70 years or above undergoing
hip fracture surgery were included. The discrimination (c-statistic) and calibration of the model were
investigated.

Results: A total of 25,502 patients were included, of whom 618 (2.4%) died. The mean predicted prob-
ability of in-hospital mortality was 3.9% (range 0%-55%). The c-statistic of the model was 0.74 (95% CI
0.72-0.76), which was comparable to the c-statistic of 0.78 (95% CI 0.71-0.85) that was found in the de-
velopment cohort. The calibration plot indicated that the model was slightly overfitted, with a calibration-
in-the-large of 0.015 and a calibration slope of 0.780. Within the subgroup of patients aged between 70
and 85, however, the c-statistic was 0.78 (95% CI 0.75-0.81), with good calibration (calibration slope
0.934).

Discussion and conclusion: The U-HIP model for in-hospital mortality in geriatric hip fractures was ex-
ternally validated in a large international cohort, and showed a good discrimination and fair calibration.
This model is freely available online and can be used to predict the risk of mortality, identify high-risk
patients and aid clinical decision making.
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Introduction in this field), and have not been sufficiently validated [2-4,6,7]. Ad-

ditionally, these models showed a lack of fit and poor discrimi-

The increase in the number of geriatric hip fracture patients is
a global health concern. They constitute a fast-growing group of
patients who are notorious for adverse outcomes [1]. Identification
of high-risk patients in an early stage is vital for guiding surgical
management and shared decision making. Prediction models can
be used to predict the risk of clinical outcomes and help to identify
high-risk patients [2].

A few prediction models have been developed to predict post-
operative mortality among hip fracture patients, including two
studies that investigated in-hospital mortality as an outcome
[3-5]. However, in many prediction models, predictor values are
dichotomized (even though this is strongly discouraged by experts
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nation in previous studies [5]. Finally, both of these models have
incorporated variables that are generally not known at the emer-
gency department at the moment that the prediction is to be made
(e.g. time to surgery), which is the most critical flaw of both these
prediction models and severely limits their clinical usefulness
[3-5]. Hence, there are no externally validated models predicting
in-hospital mortality in this patient population that show a good
predictive performance.

In a previous study, a prediction model (the U-HIP (Utrecht Hip)
algorithm) was developed in 1014 hip fracture patients aged 85
years or older (median 90, IQR 87-93) in the Netherlands, with an
in-hospital mortality of 4% (n = 38). After correction for optimism,
this model showed good discrimination (c-statistic 0.77) at internal
validation. Predictors in the model were age, sex, American Soci-
ety of Anesthesiologists physical status classification system (ASA)
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and hemoglobin serum levels (mmol/L) upon presentation at the
ED [8]. The purpose of the current study was to perform a valida-
tion study to externally validate the U-HIP prediction model for in-
hospital mortality in a North-American population of hip fracture
patients aged 70 or above undergoing surgery [8,9]. The authors
hypothesize that the model will show good discrimination (i.e. c-
statistic >0.70) and calibration (i.e. calibration-in-the-large <0.02
and >-0.02, and calibration slope >0.75).

Materials and methods

This study was approved by the institutional review board and
medical ethical committee and reported in accordance with the
transparent reporting of a multivariable prediction model for indi-
vidual prognosis or diagnosis (TRIPOD) guidelines of the enhancing
the quality and transparency of health research network (EQUA-
TOR) [10].

For this cohort study, data were collected from January 1st 2016
until December 31st 2018 by The American College of Surgeons
National Surgical Quality Improvement Program (NSQIP) [11]. The
NSQIP collects data on hip fracture surgery from over 150 hospi-
tals across the world, although most of these hospitals are located
in North-America. The inclusion criteria for the validation cohort
were as follows: 1) patients aged 70 years or above, presenting
to the emergency department with a hip fracture (OTA classifica-
tion: 31-A or 31-B) [12] and; 2) undergoing hip fracture surgery for
a nonpathological hip fracture. Patients with American Society of
Anesthesiologists physical status classification system (ASA) V were
excluded, because the development cohort did not include these
patients and because patients with ASA status V are, by definition,
moribund and thus accurate risk prediction are irrelevant [8,13].
The primary outcome for this study was in-hospital mortality. In
this study, the authors decided to validate the model in patients
aged 70 years or above, even though the development cohort con-
sisted of patients 85 year or above [8]. The cut-off of 70 years was
chosen because the vast majority of patients who experience in-
hospital mortality after a hip fracture are aged 70 years or above.
Because of expected heterogeneity in patients younger than 70 and
the relatively low mortality risk in that group, a cut-off of 70 years
was chosen. Hence, we focus on the patient population in whom
the risk prediction is likely to be most relevant, while increasing
the age range (compared to the development population) to im-
prove clinical applicability and usefulness.

The following data were collected at baseline (i.e., at hospital
admission): fracture type (i.e. femoral neck nondisplaced, femoral
neck displaced, intertrochanteric, or subtrochanteric), age, sex, ASA
classification [13] (I to IV), a previous diagnosis of dementia in
medical history, and hemoglobin levels (mmol/L) at presentation at
the emergency department. Since hemoglobin levels are not col-
lected by NSQIP, hemoglobin levels in mmol/L (Hb) were calcu-
lated by converting hematocrit (Ht) using the following formula:
Hb (mmol/L) = (Ht/2.941) x 0.6206 [14].

It is recommended that a sufficient sample size is used to ex-
ternally validate existing prediction models, to facilitate possible
recalibration of a prediction model [15]. We aimed to have 400
events, and given an expected in-hospital mortality of 4% (based
on the study in which the prediction model was developed), the
minimum required sample size for this study was estimated to be
at least 10,000 hip fracture patients aged 70 years or above.

For all baseline characteristics, nominal variables were de-
scribed with numbers and percentages and survivors and deceased
patients were compared with a Chi-square test. Descriptive statis-
tics were used to report numeric variables. Normality was deter-
mined for continuous variables by examining the boxplots and his-
tograms. Normally distributed data were tested using a Students
paired t-test and presented as a mean + standard deviation (SD).
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Non-normally distributed data were tested with a Mann-Whitney
U test and presented as a median with an interquartile range (IQR).
Missing data were analyzed. A total of 142 cases had one or
more missing values in predictor variables needed for the algo-
rithm (<0.1% of all data points) and were not included for the val-
idation of the model (<0.1% of all patients). The authors chose not
to impute missing data but instead do a complete case analysis for
validation of the model. This resulted in a minimal loss of data.

Discrimination of the model was measured with the area un-
der the curve (AUC) of the receiver operating characteristic (ROC)
curve, a measure commonly referred to as the c-statistic, includ-
ing a 95% confidence interval (CI). Calibration of the model was
examined by means of a calibration plot, which plots the pre-
dicted probabilities (based on the model) versus the observed risk
of the outcome [16-18]. Calibration was quantified by determin-
ing the calibration slope of the calibration curve and determining
calibration-in-the-large defined as the difference of the mean pre-
dicted probability and observed risk of the outcome, which is a
measure for predictions being systematically too low or too high.
For a perfect model, calibration-in-the large equals 0 and the cali-
bration slope equals 1 [17,18].

If a low predictive accuracy was found during this valida-
tion study (i.e. c-statistic <0.70, calibration-in-the-large >0.02 or
<—0.02, and/or calibration slope <0.75), the model was to be up-
dated or recalibrated by either; 1) intercept recalibration, 2) recali-
brating all predictors simultaneously, or 3) adding a new predictor
variable (i.e. the presence of dementia at baseline) [19]. However,
predictive accuracy was not found to be low and hence the model
was not updated nor recalibrated.

The authors performed a subgroup analysis for the performance
of the model in the group of patients aged 70-85 years (domain
validation) and the group of patient aged 85 or older (original do-
main). The threshold for significance was set at 0.05. All analy-
ses were conducted using SPSS Statistics (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp.), except for the calibration curve analysis, which was con-
ducted using R statistical package for Windows version 3.6 (R
foundation, 2019, Vienna, Austria).

Results
Baseline characteristics

A total of 31,751 geriatric hip fracture patients were consid-
ered for this study. After exclusion of 6249 patients, 25,502 pa-
tients were included in this study (Fig. 1). The overall in-hospital
mortality was 2.4% (Table 1). Patients who experienced in-hospital
mortality were older at baseline (median 88, IQR 83-90) than sur-
vivors (median 85, IQR 79-90, p<0.01). Survivors were more of-
ten female (72%) than deceased patients (57%, p<0.01). Patients
who experienced in-hospital mortality more often had a diagno-
sis of dementia (45%) than survivors (33%, p<0.01), and a higher
ASA status (median 4, IQR 3-4) than survivors (median 3, IQR 3-
3, p<0.01). Patients who died in-hospital also had lower levels of
serum hemoglobin at presentation (p<0.01).

Performance of the model: discrimination and calibration

The mean predicted probability of in-hospital mortality was
3.9% (range 0%—55%) and the observed risk of in-hospital mortal-
ity was 2.4%. Calibration-in-the-large was 0.015. Graphical evalu-
ation of the calibration plot showed that the model is fairly well-
calibrated in the validation cohort, with a calibration slope of 0.780
(Fig. 2). The c-statistic of the model was 0.74 (95% CI 0.72-0.76).

A subgroup analysis was done for 11,617 patients who were
aged between 70 and 85 years to investigate the discrimination
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Characteristics of geriatric hip fracture patients included in the external validation study of the U-HIP model.

Variable In-hospital mortality
Total (n = 25,502)  Missing  Survivors (n = 24,884)  Deceased (n = 618)  p-value
Age; median, IQR) 85 (80-90) 0 85 (79-90) 88 (83-90) <0.01
Female sex; n (%) 18,248 (72) 0 17,894 (72) 354 (57) <0.01
Dementia; n (%) 8567 (34) 0 8288 (33) 279 (45) <0.01
ASA classification; n (%) 41 (0) <0.01
ASA | 70 (0) 70 (0) 0(0)
ASA 11 3458 (14) 3440 (14) 18 (3)
ASA 11 16,052 (63) 15,796 (64) 256 (42)
ASA IV 5881 (23) 5539 (22) 342 (56)
Serum hemoglobin (mmol/L) at presentation; mean (SD) 7.3 (1.1) 101 (0) 7.3 (1.1) 6.9 (1.2) <0.01
Type of hip fracture; n (%) 433 (2) 0.25
Femoral neck, nondisplaced 2115 (9) 2108 (9) 47 (8)
Femoral neck, displaced 7512 (30) 7349 (30) 163 (27)
Intertrochanteric 13,987 (56) 13,631 (56) 356 (59)
Subtrochanteric 1415 (6) 1376 (6) 39 (6)
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and calibration of the model for this group specifically, because pa-
tients in this age category were not included in the development
cohort. In this age subgroup, 197 patients died (1.7%), while the
mean predicted probability of mortality was 2.2%. Calibration-in-
the-large was 0.005. The calibration was good, with a calibration
slope of 0.934 (Fig. 3). The c-statistics was 0.78 (95% CI 0.75-0.81).

There were 13,885 patients in the age group of patients
aged 85 years or above. In this subgroup, 421 (3.1%) patients
died in-hospital, while the mean predicted probability was 5.4%.
Calibration-in-the-large was 0.022. The calibration was moderate
in this group, with a calibration slope of 0.743 (Supplemental Fig-
ure 1). The c-statistic was 0.70 (95% CI 0.68-0.73).

Discussion

The aim of this study was to validate a previously developed
prediction model (U-HIP) for in-hospital mortality in geriatric hip
fracture patients [8]. In this large retrospective cohort study us-
ing NSQIP data, the model showed a fairly good predictive perfor-
mance.

Development cohort versus validation cohort

The baseline characteristics of this external validation cohort
were comparable to the development cohort in terms of sex, ASA
classification, diagnosis of dementia and hemoglobin levels [8].
There were several differences between the development cohort
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Fig. 2. Calibration plot of observed mortality risk versus predicted risk based on
the U-HIP model.

and this external validation cohort. First, in the development co-
hort, no truncation for age was used for nonagenarians and centen-
nials, whereas in the development cohort, no truncation was used.
Second, this validation cohort included patients who received to-
tal hip arthroplasty as a treatment for their hip fracture, while the
development cohort did not. It was not possible to conduct a sub-
group analysis for this group. It is possible that there are differ-
ences in in-hospital mortality and model performance for total hip
arthroplasty patients, considering that patients who are eligible for
total hip arthroplasty are often in a better medical condition. Third,
in this validation cohort, periprosthetic fractures were included.
It was not possible to conduct a subgroup analysis for peripros-
thetic fractures because they do not have an identifier variable in
the NSQIP dataset. Fourth, in this study, the model was validated
for patients aged 70 years or above, not just 85 years or above as
was the case in the development cohort. Fifth, this external geo-
graphical validation study was conducted in a large international
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Fig. 3. Calibration plot of observed mortality risk versus predicted risk based on
the U-HIP model in the subgroup of patients aged 70-84.

cohort of patients recruited from over 150 hospitals (most of them
in Northern-America), whereas the development cohort included
geriatric hip fracture patients from six Dutch hospitals.

Performance of the model: discrimination and calibration

The model presented here has a good discrimination and fair
calibration. Both metrics are important in prediction modeling. The
discrimination of the model was good, with a c-statistic of 0.74,
which is comparable to the c-statistic of 0.78 that was found in the
development cohort [8]. However, a good discrimination (i.e. sepa-
rating people who experience a certain outcome from people who
do not) alone does not make a good prognostic prediction model.
For example, a model may show an excellent discrimination be-
tween patients who experience an outcome and patients who do
not, but if predicted risk is substantially under- or overestimates
of the actual risk of the outcome, the model is usually not suitable
for supporting clinical decisions.

Calibration in prediction modeling is defined as the agreement
between the observed risk and the predicted risk. There are cur-
rently no prediction models for geriatric hip fractures that are well
calibrated [3,4,7,20,21]. Calibration is important in prognostic set-
tings, because the magnitude of the predicted risk (or, in the ab-
sence of a formal prediction model, the estimated risk) is what
drives medical management of our patients [17]. As can be seen
in the calibration plots, the calibration is fairly good for the to-
tal population and very good for patients aged between 70 and 85
years, and somewhat lower for patients aged 85 years or above.
The model tends to slightly overestimate the risk of in-hospital
mortality, especially for patients with a higher risk of dying (Fig. 2,
Fig. 3). Extremes are always hardest to predict, and it is not un-
common for prediction models to overestimate the higher deciles
of the calibration plot [9]. This need not be a problem, given that
there are very few patients that fall into these extreme categories,
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as can be seen in the spikes in Figs. 2 and 3, that show patient
distribution according to their predicted probabilities. More impor-
tantly, it is unlikely that these overestimations will lead to incor-
rect medical decision making and thus are of no clinical conse-
quence.

Strengths and limitations

The model presented here is well-calibrated and shows a good
discrimination. The advantage of this model in comparison to other
models is its predictive accuracy, that it is both internally and ex-
ternally (even internationally) validated in large cohorts, that it of-
fers exact risk prediction instead of risk stratification, and that it
only uses predictor variables that are known at the time the pre-
diction is to be made.

This study has a few limitations. First and foremost, in the
NSQIP data, age was truncated at 90 years, which means that pa-
tients who are older than 90 years (e.g. 99 years) are entered into
the database as being 90 years old. The reason behind this is that
a very old age is regarded by the NSQIP as a possible patient iden-
tifier, and it is likely that this had led to an underestimation of
the discrimination for patients aged 91 years or above. It is likely
that many subjects who experienced the outcome were in the age
category of 90 years or above, which explains the difference in cal-
ibration found between the total population and subgroup analysis
of the population aged 75-84 years in this study. The performance
of the model in patients aged 90 years or above would probably
have been much better if their exact age had been used to develop
the model.

Second, in-hospital mortality is frequently used as an outcome
in geriatric traumatology, but length of stay and discharge policies
can be different between centers, which may impact the perfor-
mance of a model predicting in-hospital mortality, notably when
moribund patients are discharged to other facilities such as hospice
care. In our external validation setting, where data of 150 different
centers was combined, the impact of this appears to be small.

Clinical application and future perspectives

The U-HIP model is available online for free as a web-based cal-
culator at (https://www.evidencio.com/models/show/2268). Physi-
cians can enter the patient characteristics, and the patients’ indi-
vidual risk of in-hospital mortality is automatically calculated and
returned on screen. Alternatively, the model could be programmed
into electronic medical records to calculate the mortality risk for
each individual patient. Prediction models are useful tools that can
be used to complement medical decision making, but not substi-
tute it. The authors recommend a holistic approach for every geri-
atric hip fracture patient, preferably with geriatric co-management.
This model can help guide clinical decision making for these pa-
tients, and palliative care should regularly be considered for pa-
tients with a very high risk of in-hospital mortality. Additionally,
the authors encourage colleagues around the world to perform val-
idation studies for this model in different settings and populations
to further investigate model performance.

Conclusion

In this study, a previously developed model for in-hospital mor-
tality in geriatric hip fracture patients was externally validated in
a large North-American cohort. The model showed a good discrim-
ination and fair calibration, with good calibration in the subgroup
of patients aged 70-85 years. This model is available online as a
web-based calculator, and can be used to predict the risk of mor-
tality, identify high-risk patients and thus help guide clinical deci-
sion making.
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