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Abstract
Background Postoperative delirium in patients aged 60
years or older with hip fractures adversely affects clinical
and functional outcomes. The economic cost of delirium is
estimated to be as high as USD 25,000 per patient, with a
total budgetary impact between USD 6.6 to USD 82.4
billion annually in the United States alone. Forty percent of
delirium episodes are preventable, and accurate risk

stratification can decrease the incidence and improve
clinical outcomes in patients. A previously developed
clinical prediction model (the SORG Orthopaedic
Research Group hip fracture delirium machine-learning
algorithm) is highly accurate on internal validation (in
28,207 patients with hip fractures aged 60 years or older
in a US cohort) in identifying at-risk patients, and it can
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facilitate the best use of preventive interventions; however,
it has not been tested in an independent population. For an
algorithm to be useful in real life, it must be valid exter-
nally, meaning that it must perform well in a patient cohort
different from the cohort used to “train” it. With many
promising machine-learning prediction models and many
promising delirium models, only few have also been ex-
ternally validated, and even fewer are international vali-
dation studies.
Question/purpose Does the SORG hip fracture delirium
algorithm, initially trained on a database from the United
States, perform well on external validation in patients aged
60 years or older in Australia and New Zealand?
Methods We previously developed a model in 2021 for
assessing risk of delirium in hip fracture patients using
records of 28,207 patients obtained from the American
College of Surgeons National Surgical Quality
Improvement Program. Variables included in the original
model included age, American Society of
Anesthesiologists (ASA) class, functional status (in-
dependent or partially or totally dependent for any activi-
ties of daily living), preoperative dementia, preoperative
delirium, and preoperative need for a mobility aid. To as-
sess whether this model could be applied elsewhere, we
used records from an international hip fracture registry.
Between June 2017 and December 2018, 6672 patients
older than 60 years of age in Australia and New Zealand
were treated surgically for a femoral neck, intertrochanteric
hip, or subtrochanteric hip fracture and entered into the
Australian & New Zealand Hip Fracture Registry.
Patients were excluded if they had a pathological hip
fracture or septic shock. Of all patients, 6% (402 of 6672)
did not meet the inclusion criteria, leaving 94% (6270 of
6672) of patients available for inclusion in this retro-
spective analysis. Seventy-one percent (4249 of 5986) of
patients were aged 80 years or older, after accounting for
5% (284 of 6270) of missing values; 68% (4292 of 6266)
were female, after accounting for 0.06% (4 of 6270) of
missing values, and 83% (4690 of 5661) of patients were
classified as ASA III/IV, after accounting for 10% (609
of 6270) of missing values. Missing data were imputed
using the missForest methodology. In total, 39% (2467
of 6270) of patients developed postoperative delirium.
The performance of the SORG hip fracture delirium al-
gorithm on the validation cohort was assessed by dis-
crimination, calibration, Brier score, and a decision
curve analysis. Discrimination, known as the area under
the receiver operating characteristic curves (c-statistic),
measures the model’s ability to distinguish patients who
achieved the outcomes from those who did not and
ranges from 0.5 to 1.0, with 1.0 indicating the highest
discrimination score and 0.50 the lowest. Calibration
plots the predicted versus the observed probabilities, a
perfect plot has an intercept of 0 and a slope of 1. The

Brier score calculates a composite of discrimination and
calibration, with 0 indicating perfect prediction and 1 the
poorest.
Results The SORG hip fracture algorithm, when applied to
an external patient cohort, distinguished between patients at
low risk and patients at moderate to high risk of developing
postoperative delirium. The SORG hip fracture algorithm
performed with a c-statistic of 0.74 (95% confidence interval
0.73 to 0.76). The calibration plot showed high accuracy in
the lower predicted probabilities (intercept -0.28, slope 0.52)
and a Brier score of 0.22 (the null model Brier score was
0.24). The decision curve analysis showed that the model can
be beneficial compared with no model or compared with
characterizing all patients as at risk for developing delirium.
Conclusion Algorithms developed with machine learning
are a potential tool for refining treatment of at-risk patients.
If high-risk patients can be reliably identified, resources
can be appropriately directed toward their care. Although
the current iteration of SORG should not be relied on for
patient care, it suggests potential utility in assessing risk.
Further assessment in different populations, made easier by
international collaborations and standardization of regis-
tries, would be useful in the development of universally
valid prediction models. The model can be freely accessed
at: https://sorg-apps.shinyapps.io/hipfxdelirium/.
Level of Evidence Level III, therapeutic study.

Introduction

Hip fractures are one of the most serious and costly fall-
related injuries experienced by people, most of whom are
treated operatively [10, 14]. The number of hip fractures
continues to rise worldwide and is predicted to rise to an
incidence of 6.26 million fractures annually in 2050 [1].
Delirium is the most common complication in patients with
hip fractures, occurring in 28% to 50% [5], and it is char-
acterized by an acute and fluctuating course, inattention,
altered level of consciousness, and evidence of disorga-
nized thinking [28]. Although potentially reversible and by
definition transient, delirium is one of the most frequent
reasons for a patient referral to a geriatrician [26]. A patient
with delirium may be disoriented to place and time, may
not understand the severity of the injury, and may not ad-
here to therapy. This will lead to a longer in-hospital stay,
higher risk of complications, and higher economic costs.
Substantial additional costs occur after surgery because of
the longer in-hospital stay, increased hospitalization, and
rehabilitation after discharge [15]. According to estimates,
the healthcare costs attributable to postoperative delirium
can be as high as USD 25,000 per patient, with a total
budgetary impact between USD 6.6 to USD 82.4 billion
annually in the United States alone [12, 23]. Forty percent
of delirium episodes are preventable, and accurate risk
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stratification can decrease the incidence, improve clinical
outcomes in patients, and reduce economic costs [15].

Many delirium prevention strategies have been described,
with accurate (internally validated) tools in the intensive care
unit population [6] and in the hip fracture population [22, 46].
However, only a few of the promising predictionmodels have
been externally validated—a necessary step before clinical
implementation [42]—with few external validation studies
specific for the hip fracture population [11, 29]. External
validation is required to assess the performance of the clinical
prediction model and validate the promise in an independent
population with similar injury and patient characteristics to
confirm that the model is generalizable. Recently, a clinical
prediction model using machine-learning algorithms was
developed, showing promise in estimating the risk of post-
operative delirium in 28,207 hip fracture patients aged 60
years or older in a North American cohort [31]. This clinical
prediction model is available in a freely available internet
application at https://sorg-apps.shinyapps.io/hipfxdelirium/.
However, while many promising machine-learning prediction
models have been developed in orthopaedic surgery, only
few have also been externally validated, and even fewer
are international validation studies [13]. International
collaborations and standardization of international registries
may allow for universally valid predictionmodels, which is the
next step for moving prediction modeling from a single-
country task to a coordinated global effort [17].

Therefore, we asked: Does the SORG hip fracture de-
lirium algorithm, initially trained on a database from the
United States, perform well on external validation in pa-
tients aged 60 years or older in Australia and New Zealand?

Patients and Methods

This study followed the Transparent Reporting of
Multivariable Prediction Models for Individual Prognosis
or Diagnosis Guideline [7] and the Strengthening the
Reporting of Observational Studies in Epidemiology [44]
guidelines.

Study Design and Setting

We developed a model in 2021 for assessing delirium risk
in patients with hip fractures, using the records of 28,207
patients obtained from the American College of Surgeons
National Surgical Quality Improvement Program. In this
developmental cohort of 28,207 patients, 28% (8030)
developed a postoperative delirium [31].

The clinical prediction model reached good discrimi-
nation (c-statistic = 0.79 [95% CI 0.77 to 0.80]), almost
perfect calibration (intercept = -0.01, slope = 1.02), and
excellent overall model performance (Brier score = 0.15).

The following variables were included in the primary de-
veloped clinical prediction model: age, American Society
of Anesthesiologists (ASA) classification, functional status
(independent or partially or totally dependent for any ac-
tivities of daily living), preoperative dementia, pre-
operative delirium, and preoperative need for a mobility
aid. Further details of the original clinical prediction model
can be found in the developmental study’s report [31].

To assess whether this model could be applied elsewhere,
we used records froman international hip fracture registry. The
validation cohort originated from the Australian and New
Zealand Hip Fracture Registry (ANZHFR), which was que-
ried from June 2017 to December 2018. The ANZHFR is a
prospective, multiinstitution database that collects pre-
operative, perioperative, and postoperative data on more than
50 independent variables from more than 67 participating
hospitals in Australia and New Zealand. Data are acquired
from medical records and operative notes. The data items
collected by the ANZHFR are specified in the Australian and
New Zealand Hip Fracture Registry Data Dictionary version
12.1_October 2019. A range of validated diagnostic tools for
delirium have been deemed acceptable in the ANZHFR, in-
cluding confusion assessment method (CAM), the CAM for
the Intensive Care Unit (CAM-ICU), the 3-Minute CAM (3D-
CAM), and the 4As test (4AT) [3, 9, 16]. The selection criteria
used in the developmental study [31] were applied; we in-
cluded patients older than 60 years who underwent operative
fixation of a femoral neck, intertrochanteric hip, or sub-
trochanteric hip fracture. Patients were excluded if they
sustained a pathologic hip fracture or septic shock. The pri-
mary outcome of interest was postoperative delirium after
surgical treatment of a hip fracture.

Participants’ Baseline Characteristics

Between June 2017 to December 2018, 6672 patients older
than 60 years of age in Australia and New Zealand were
treated surgically for a femoral neck, intertrochanteric hip,
or subtrochanteric hip fracture and entered into the
ANZHFR. Patients were excluded if they had sustained a
pathological hip fracture or developed septic shock. Of all
patients, 6% (402 of 6672) did not meet the inclusion cri-
teria, leaving 94% (6270 of 6672) available for inclusion in
this retrospective analysis, of whom 39% (2467 of 6270)
had postoperative delirium. Seventy-one percent (4249 of
5986) of patients were aged 80 years or older, 68% were
female (4292 of 6266), and 83% of patients were classified
as ASA III/IV (4690 of 5661) (Table 1).

Baseline characteristics in the validation cohort differed
from those in the original developmental cohort [31] in sev-
eral regards (Table 1). The cohort from Australia and New
Zealand were more likely to be older, men, and healthier (as
evidenced by a lower ASA score). However, they were less
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likely to live independently, and more likely to experience
preoperative delirium and preoperative dementia. They were
more likely to use bone protectivemedication (calcium and/or
vitamin D only AND/OR bisphosphonates, denosumab, or
teriparatide) prior to injury, and their hospital care was more
likely to include medical co-management by a geriatrician or
specialized nurse conducting preoperative medical assess-
ment (in addition to an anesthetic review and orthopaedic
assessment) (all p < 0.05). The proportion of postoperative
delirium was higher in the validation cohort (39% [2467 of
6270]) than in the developmental cohort (29% [8030 of
28,207]; p < 0.05).

Missing Data

Preprocessing of the validation cohort was performed by
imputing missing values, using the missForest methodol-
ogy [35] as previously applied by our group [4, 18–20, 39].
We imputed missing values for age (5% [284 of 6270]),
gender (0.06% [4 of 6270]), American Society of

Anesthesiologists (ASA) class (10% [609 of 6270]),
functional status (0.2% [13 of 6270]), preoperative need
for a mobility aid (1% [86 of 6270]), preoperative delirium
(44% [2767 of 6270]), and preoperative dementia (3% [187
of 6270]). In addition, a complete case analysis was carried
out to evaluate the effect when a variable has > 30%
missing data [33].

Ethical Approval

The study was approved by the Southern Adelaide Clinical
Human Research Ethics Committee (OFR: 262.19).

Assessment of Model Performance and Statistical Analysis

Model performance was evaluated according to a proposed
framework for the evaluation of a clinical prediction model
[38] that includes discrimination with the c-statistic,

Table 1. Baseline characteristics of the developmental and validation cohorts

Variable
Developmental cohort

(n = 28,207)
Validation cohort

(n = 6270)a p value

Age in years < 0.001

60 + 11 (3151) 6 (340)

70 + 22 (6247) 23 (1397)

80 + 41 (11,691) 47 (2838)

90 + 25 (7118) 24 (1411)

Women 70 (19,845) 68 (4292) < 0.01

ASA class < 0.001

I 0.4 (126) 1 (60)

II 15 (4162) 15 (848)

III 63 (17,631) 60 (3373)

IV 22 (6288) 23 (1317)

Preoperative functional status < 0.001

Independent 77 (21,672) 71 (4389)

Partially or totally dependent 23 (6535) 30 (1840)

Preoperative need for mobility aid 58 (16,239) 57 (3527) 0.55

Preoperative delirium 13 (3714) 40 (1406) < 0.001

Preoperative dementia 31 (8668) 43 (2597) < 0.001

Preoperative bone protective
medication

32 (9047) 37 (2317) < 0.001

Medical comanagement by geriatric
medicine

89 (25,136) 97 (6086) < 0.001

Postoperative delirium 28 (8030) 39 (2467) < 0.001

Data presented as % (n).
aProportions were calculated accounting for the following missing values: age (5% [284 of 6270]), gender (0.06% [4 of 6270]), ASA
class (10% [609 of 6270]), functional status (0.2% [13 of 6270]), preoperative need for a mobility aid (1% [86 of 6270]), preoperative
delirium (44% [2767 of 6270]), and preoperative dementia (3% [187 of 6270]).
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calibration with a calibration slope and intercept, and the
overall performance, assessed with the Brier score.

The c-statistic (area under the curve of a receiver operating
characteristic curve) ranges from 0.50 to 1.0, with 1.0 in-
dicating the highest discrimination score and 0.50 indicating
the lowest. The receiver operating curve (ROC) plots the false
positive rate (x-axis) and true positive rate (y-axis). In risk
stratification, ideally there is a high true positive rate and a low
false positive rate. The higher the discrimination score, the
better the model’s ability to distinguish between patients with
the outcome and those who did not have the outcome [37]. In
general, we used the following rule, depending on the context:
a c-statistic of 0.5 suggests no discrimination (that is, the ability
to predict patients with and without a postoperative delirium
based on themodel), 0.6 to 0.7was considered poor, 0.7 to 0.8
was considered acceptable, 0.8 to 0.9 was considered excel-
lent, and more than 0.9 was considered outstanding [27].

A calibration plot charts the predicted (x-axis) versus the
true observed probabilities (y-axis, labeled outcomes) for the
primary outcome. The concept is to evaluate the average pre-
dicted probability that corresponds with the true predicted
probability for binned predictions (that is, a probability of 0.80
to 0.89 is one bin) and gives a certain confidence on the pre-
diction (or the reliability of the algorithm) [32]. A perfect cal-
ibration plot has an intercept of 0 (< 0 reflects overestimation
and>0 reflects underestimating the probability of the outcome)
and a slope of 1 (model is performing similarly in training and
test sets) [38, 40]. In a small dataset, the slope is often < 1,
reflecting model overfitting; probabilities are too extreme (low
probability too low; high probability too high) [37].

The Brier score calculates a composite of discrimination
and calibration,with 0 indicating perfect prediction and aBrier
score of 1 representing the poorest prediction. The null-model
Brier score (a score that equals the probability of delirium in
the dataset) was used to benchmark the algorithm’s Brier
score. A Brier score lower than the null-model Brier score
indicates superior performance of the model to this null
benchmark. Perfectmodelswould have aBrier score of 0 [38].

In addition, we undertook a decision curve analysis to
investigate the net benefit (weighted average of true positives
and false positives, formula = sensitivity x prevalence –

(1 – specificity) x (1 – prevalence) x odds at the threshold
probability) of the conducted algorithms over the range of risk
thresholds for clinical decision-making [43]. With threshold
probability we refer to the probability that an algorithm
ranks a positive outcome over a negative outcome. If the
threshold is set at 0.5, then patientswith a probability >0.5 are
classified as positive and < 0.5 are classified as negative. If the
threshold is set at 0.8, then patients with a probability > 0.8
are classified as positive and < 0.8 are classified as negative.
The decision curve of the model is compared with decision
curves of treating everyone as being at risk for postoperative
delirium and treating no one as being at risk for postoperative
delirium.

Baseline characteristics are presented as percentages
and frequencies for dichotomous and categorical variables
and median with interquartile range for continuous vari-
ables. Baseline characteristics in the developmental and
validation cohort were compared using a bivariate analysis,
where a p value of < 0.05 was considered significant. Data
preprocessing and analysis were performed using R
Version 4.0 (“R: A Language and Environment for
Statistical Computing” The R Foundation) and R-studio
Version 1.2.1335 (R-Studio).

Internet Application

This clinical prediction model is available in a freely avail-
able internet application at https://sorg-apps.shinyapps.io/
hipfxdelirium/.

Results

External Validation of SORG Hip Fracture Delirium
Algorithm in Australia and New Zealand

The SORG hip fracture delirium algorithm achieved good
discrimination in predicting postoperative delirium in hip
fracture patients aged 60 years or older in the Australian
and New Zealand cohorts. The c-statistic was 0.74 (95%
confidence interval [CI] 0.73 to 0.76) (Table 2) and the
ROC curve shows the graph of the model performance by
plotting the false positive and true negative rates with an
area under the curve (AUC) corresponding to the c-statistic
with 0.74 (Fig. 1). The calibration plot of the algorithm in
the validation cohort showed calibration metrics with an
intercept of -0.28 (95% CI -0.35 to -0.21) and a calibration
slope of 0.52 (95%CI 0.49 to 0.56) (Fig. 2). The calibration
plot was highly accurate in the range of lower predicted
probabilities. The Brier score was lower than the respective
null-model Brier score (0.22 versus 0.24), indicating good
overall performance of the SORG hip fracture delirium
algorithm. According to the decision curve analysis, the
SORG hip fracture delirium algorithm provided a positive
net benefit compared with a strategy of treating all patients
or no patients as being at risk of postoperative delirium
(Fig. 3). The net benefit can be interpreted as reflecting the
balance between a true positive prediction and the harm
of a false positive prediction. Seeing no patients as being at
risk is always 0 because the model will not predict anyone
as being positive. Seeing all patients as being at risk of
postoperative delirium will cross y = 0 at the prevalence of
the validation cohort (39% in our study) [41]. A risk
threshold can be interpreted as follows: with a risk
threshold of 20% (1 to 5), each false positive should be
weighed by the odds of 5 (the harm-to-benefit ratio). A
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model is only clinically useful if the net benefit at a certain
risk threshold T is higher than treat all or treat no patients.
However, there is no single risk threshold that is univer-
sally acceptable, and the choice of a clinically appropriate
threshold should not depend on the result of a decision
curve analysis [21].

Discussion

Patients aged 60 years or older undergoing hip fracture
surgery have a high risk of developing postoperative de-
lirium, leading to higher complications, longer in-hospital
stays, and increased economic costs. Many delirium-
preventive strategies exist, including prediction models
that assess delirium risk. However, only a few delirium
prediction models have been validated in an independent
cohort, a necessary step before clinical implementation,
and even fewer tools are externally validated specific for
the hip fracture population. Previously, we developed a
clinical prediction model (SORG hip fracture delirium
algorithm) in a large North American cohort, and the
purpose of this study was to externally validate the
prediction model in an independent cohort. On external
validation, the prediction model retained good discrim-
inative ability and was shown to be accurate in

distinguishing between low-risk patients (< 25%) and
moderate to high-risk patients (> 25%) to make
preventive interventions a priority. The internet-based
tool suggests potential utility over treating everyone as
being at risk.

Limitations

The results of this study should be viewed considering several
limitations. First, although machine learning can work well at
deriving associations and correlations, it cannot determine
causation or assess whether those associations make physio-
logic sense. Second, as with any algorithm, the quality of
machine learning is highly dependent on data quality; if

Fig. 2 This graph shows the calibration of the elastic-net pe-
nalized logistic regression model on external validation in the
ANZHFR (n = 6270).

Table 2.Model performance assessment on external validation
in the Australian-New Zealand database (n = 6270)

Metric
Elastic-net penalized logistic

regression

c-statistica 0.74 (95% CI 0.73 to 0.76)

Interceptb -0.28 (95% CI -0.35 to -0.21)

Slopeb 0.52 (95% CI 0.49 to 0.56)

Brierc 0.22 (95% CI 0.21 to 0.23)

Null-model Brier score = 0.24.
aA c-statistic of 0.5 indicates random guess and 1.0 indicates
perfect discriminatory ability; a c-index of 0.7 to 0.8 is typically
considered acceptable discriminatory ability.
bCalibration plots the predicted versus the observed proba-
bilities; a perfect calibration plot has an intercept of 0 (<
0 reflects overestimation and > 0 reflects underestimation of
the probability of the outcome) and a slope of 1 (model is
performing similarly in training and test sets); if the slope is < 1
(often in small datasets), this reflects model overfitting;
probabilities are too extreme (low probability too low; high
probability too high).
cThe Brier score of the prediction model should be compared
with that of the null model; the null-model Brier score is a score
calculated from the probability of delirium in the dataset and
used to benchmark the algorithm’s Brier score; a lower Brier
score of the prediction model indicates good overall model
performance.

Fig. 1 This graph shows discrimination of the elastic-net pe-
nalized logistic regression model on external validation in the
ANZHFR (n = 6270); AUC = area under the receiver operating
characteristic curve.
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available data are poor, subjective, or incomplete, no algorithm
can be expected to work well. Here, data on preoperative
deliriumweremissing for almost half of the patient group, and
we cannot be sure that our algorithm would not have per-
formed differently if these data had been available. Further,
generalizability of a prediction model cannot be assessed
after a single external validation study, but it should be ex-
amined after thorough independent external validation for
each population if the population differs considerably in set-
ting, in patient demographics, or outcome incidence. This
was a validation study in an Australian and New Zealand
cohort. Thismight limit the reference value for other countries,
for patients fromother racially distinct regions, or patientswith
different background in terms of social determinants of health
(such as, socioeconomic status, income level, or education). In
addition, statistical models using machine learning are hy-
pothesized to have the potential to provide more accurate es-
timates for the prediction of binary events comparedwithmore
traditional logistic regression algorithms. Our prediction
model uses a penalized logistic regression algorithm, which is
basically a logistic regression algorithm with more flexibility
in the hyperparameters. This finding is in line with previous
research, which has shown that the benefit of more complex
machine-learning methods may be limited in this context for
the prediction of binary outcome in orthopaedic trauma [30].
Moreover, the study designs of the development and valida-
tion cohort were country-wide registries, meaning the data
were collected for quality outcome purposes rather than re-
search. However, researchers can gain data-driven insights

from these registry-based patient cohorts to better understand
expected outcomes. Predictive analytics on registry-based data
may play a significant role in the future with advances in
computation to improve the prediction model’s accuracy
when, for example, combined with medical imaging or free-
text notes leading to artificial intelligence–based registries
[34]. In addition, the cohorts originated from different conti-
nents, which could lead to variation in treatment protocols and
diversity in training programs for orthopaedic surgeons be-
tween countries. A previous study assessing a cross-cultural
comparison of treatment outcomes in hip fracture patients
found that although there were possible differences in clinical
practices in two different countries, that did not influence the
clinical outcomes [24], and we did not expect the differences
fromour cohort to influence treatment outcomes. Furthermore,
the variable definition differed between both cohorts, in-
cluding the assessment of postoperative delirium, which was
defined as occurring within 7 days of surgery in the validation
cohort compared with 30 days in the developmental cohort.
Because the start of delirium is usually rapid (appearingwithin
hours [2] and peaking between 1 and 3 days postoperatively
[45]), we assumed all postoperative delirium events were
captured within the 7-day period, and that we did not miss
cases of postoperative delirium (Supplementary Table 1;
http://links.lww.com/CORR/A803). Lastly, a high proportion
of missing values was seen in our assessment of preoperative
delirium. Therefore, we performed a complete case analysis,
and the resultswere in linewithmodel performancemetrics for
the total validation cohort with a c-statistic of 0.75 (95% CI
0.74 to 0.77) (Supplementary Table 2; http://links.lww.
com/CORR/A804), comparable ROC curve (Supplementary
Fig. 1; http://links.lww.com/CORR/A805), calibration plot
(Supplementary Fig. 2; http://links.lww.com/CORR/A806),
and decision curve analysis (Supplementary Fig. 3; http://
links.lww.com/CORR/A807).

Discussion of Key Findings

We found that the SORG hip fracture delirium algorithm,
initially trained on a dataset from North America, per-
formed equally well on a dataset from Australia and New
Zealand.

However, in its current iteration, we did not find that the
SORG hip fracture delirium algorithm performed better
than other existing and validated instruments for assessing
postoperative delirium risk. The current study is an external
validation of a single prediction model, although many
successful delirium prediction models have been described
[6, 25]. Our study emphasizes the importance of externally
validating a well-developed algorithm in an independent
cohort, with similar patient and injury characteristics (pa-
tients with hip fractures who were 60 years or older). We
believe international validation studies with transparent

Fig. 3 This graph shows a decision curve analysis for the pe-
nalized logistic regression for predicting postoperative de-
lirium in the ANZHFR (n = 6270). The decision curve analysis
represents the net benefit achieved by management changes
based on the penalized logistic regression algorithm relative to
default strategies. The net benefit is shown by the graph of the
model following a higher and longer graph than the graphs of
the default strategies that see all patients as being at risk for
postoperative delirium or treating no patients as being at risk.
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reporting is an important step for moving prediction
modeling from a single-country to a coordinated global
effort [13]. More than 15 delirium prediction models are
reported in the evidence [6], and only two studies exter-
nally validated a delirium prediction model specific to the
hip fracture population [11, 29]. One of these two studies
externally validated the Risk Model for Delirium score and
reported a c-statistic of 0.73 (95%CI 0.68 to 77) but did not
report calibration, Brier scores, or decision curve metrics,
which is recommended in evaluating prediction models
[29, 36]. Another study assessed the performance of the
Delirium Elderly at Risk in hip fracture patients, reporting a
positive predictive value ranging between 54% to 65%
(that a positive prediction turns out to be a postoperative
delirium) and a negative predictive value ranging between
76% to 90%. Discrimination, calibration, Brier scores, and
decision curves were not reported [11].

The model in the current specific population has been
shown to be highly accurate for distinguishing between
low-risk patients (< 25%) and moderate to high-risk pa-
tients (> 25%). We recommend preventive measures be
made a priority in patients who have a more than 25%
probability of developing postoperative delirium after hip
fracture surgery. Delirium is common, costly, and associ-
ated with complications; however, effective, multidisci-
plinary strategies can prevent it. Interventions in
hospitalized older adults include regular orientation, ther-
apeutic activities, frequent mobilization and exercise, and
avoidance of psychoactive medications in favor of non-
pharmacologic approaches for anxiety and sleep [8]. The
prediction model should not be used as a standalone tool,
and it does not replace clinical judgment nor screening
measures. The prediction model may support assigning
patients to a delirium prevention program when delirium
prevention strategies are not standard practice, especially in
smaller, nonacademic hospital and rural areas.

Conclusion

Algorithms developed with machine learning are a poten-
tial tool for refining treatment of at-risk patients. If high-
risk patients can be reliably identified, resources can be
appropriately directed toward their care. Although the
current iteration of SORG should not be relied on for pa-
tient care, it suggests potential utility in assessing risk.
However, the current machine-learning algorithm did not
perform any better than other existing and validated in-
struments for assessing postoperative delirium risk. Further
assessment in different populations, made easier by in-
ternational collaborations and standardization of registries,
would be useful in the development of universally valid
prediction models. The model can be freely accessed at:
https://sorg-apps.shinyapps.io/hipfxdelirium/.
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