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Abstract

Background: Post hip fracture surgery delirium (PHFD) is a significant clinical problem in older
patients, but an adequate, simple risk prediction model for use in the preoperative period has not
been developed.

Methods: The 2016 American College of Surgeons National Quality Improvement Program Hip
Fracture Procedure Targeted Participant Use Data File was used to obtain a cohort of patients aged
60 years and older who underwent hip fracture surgery (n=8871; randomly assigned to derivation
[70%] or validation [30%] cohorts). A parsimonious prediction model for PHFD was developed in
the derivation cohort using stepwise multivariable logistic regression with further removal of
variables by evaluating changes in the area under the receiver operator characteristic curve (AUC).
A risk score was developed from the final multivariable model.

Results: Of 6210 patients in the derivation cohort, PHFD occurred in 1816 (29.2%). Of 32
candidate variables, nine were included in the final model: 1) preoperative delirium (adjusted odds
ratio [aOR] 8.32 [95% confidence interval [CI] 6.78-10.21], 8 risk score points); 2) preoperative
dementia (aOR 2.38 [95% CI 2.05-2.76], 3 points); 3) age (reference 60-69 years) (age 70-79:
aOR 1.60 [95% CI 1.20-2.12], 2 point), (age 80-89: aOR 2.09 [95% CI 1.59-2.74], 3 points), (age
>90: aOR 2.43 [95% CI 1.82-3.23], 3 points); 4) medical co-management (aOR 1.43 [95% ClI
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1.13-1.81], 1 point); 5) ASA Physical Status I11-V (aOR 1.40 [95% CI 1.14-1.73], 1 point); 6)
functional dependence (aOR 1.37 [95% CI 1.17-1.61], 1 point); 7) smoking (aOR 1.36 [95% ClI
1.07-1.72], 1 point); 8) systemic inflammatory response syndrome/sepsis/septic shock (aOR 1.34
[95% CI 1.09-1.65], 1 point); and 9) preoperative use of mobility aid (aOR 1.32 [95% CI 1.14—
1.52], 1 point), resulting in a risk score ranging from 0 to 20 points. The AUCs of the logistic
regression and risk score models were 0.77 [95% CI 0.76-0.78] and 0.77 (95% CI 0.76-0.78),
respectively, with similar results in the validation cohort.

Conclusions: A risk score based on nine preoperative risk factors can predict PHFD in older
adult patients with fairly good accuracy.

INTRODUCTION

Hip fractures are a major public health problem for older adults. In the United States, there
are an estimated 250,000 cases of hip fracture annually among people aged 65 years and
older, with most requiring surgery to restore their functional status.> A common
complication associated with hip fracture repair is delirium, with an estimated incidence of
16% to 65% in geriatric patients.? Postoperative delirium is characterized by an acute
fluctuation in consciousness, cognition, and attention,? and is associated with significantly
increased mortality, morbidity, functional and cognitive decline, and healthcare costs.2 There
has been increased attention to the postoperative management of geriatric patients to
improve cognitive outcomes and reducing postoperative delirium has been identified as a
target for surgical quality improvement.3

Risk factors for postoperative delirium can be classified into predisposing factors (cognitive
impairment, age, functional dependency, and multiple comorbidities) and precipitating
factors (surgery, anesthesia, polypharmacy, infection, acute exacerbation of coexisting
disease, dehydration, and laboratory abnormalities).*> Identifying high risk patients for
delirium and early implementation of proactive multifactorial interventions for high risk
patients may reduce the occurrence of delirium.5 Prediction models for postoperative
delirium have been developed, such as in medical patients® or postsurgical patients,’ but a
risk model for delirium specific to hip fracture surgery patients may provide unique insights
in this vulnerable population.

In this study, we developed, internally validated, and tested a risk score model for
postoperative delirium in hip fracture patients using data from the American College of
Surgeons National Quality Improvement Program (ACS-NSQIP) Participant Use Data File
(PUF) and Hip Fracture Procedure Targeted Participant Use Data File (HFPT-PUF), a large,
multicenter national database.

METHODS

Data Source

The Columbia University Medical Center IRB determined that this study met the criteria for
Not Human Subjects Research and was not subject to further review as it did not require
access to protected health information. The ACS-NSQIP PUF was merged with the HFPT-
PUF which contains additional data specific for hip fracture patients. The ACS-NSQIP2 is a
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validated, prospectively collected national dataset aimed at improving surgical quality and
outcomes.8 Detailed descriptions of case inclusion criteria, systematic sampling process,
quality measures, and variable descriptions are available from the ACS-NSQIP website.?

Study Population and Data Collection

Outcomes

Variables

The 2016 HFPT-PUF, containing data on 9390 patients undergoing hip fracture surgery
(Supplemental Figure 1) was used to derive and internally validate our predictive model.
Delirium is associated with the older patients aged 60 years or older,19 so we excluded
patients <60 years of age (N=519). Of the remaining 8871 patients, 6210 (70%) were
randomly assigned to the derivation cohort and 2661 (30%) to the validation cohort. The
2017 HFPT-PUF, containing data on 10,506 patients, provided the test cohort for an initial
form of external validation in which the derivation and test cohorts are separated by time.
After excluding 623 patients <60 years of age, the test cohort contained 9883 patients.

The primary outcome was the presence of postoperative delirium within 30 days after hip
fracture surgery. Delirium was determined from medical chart review, a method previously
validated in medical patients'! and intensive care unit patients'2 and applied to various
medical and surgical patients for delirium detection.13

Specifically, post hip fracture surgery delirium (PHFD) was defined by the dataset as:

“Delirium is a common syndrome in hospitalized older adults and is associated
with increased mortality, hospital costs, and long-term cognitive and functional
impairment. Delirium is a serious disturbance in a person’s mental abilities that
results in a decreased awareness of one’s environment and confused thinking. The
onset of delirium is usually sudden, often within hours or a few days.

“Delirium may be recorded as: Delirium, confusion, sundowning, somnolent,
crying out, inattentive, disorientation, incoherent, hallucinating, restlessness, or
combative. It can also be described as “metabolic encephalopathy,” acute
confusional state, acute organic mental disorder, acute organic brain syndrome.”

The ACS-NSQIP Geriatric Surgery Pilot study3 provided an investigational infrastructure
for measuring delirium in a national multicenter database study and established the
feasibility of chart extraction-based methods for detecting delirium. Trained clinical
reviewers examined the entire medical record, including items such as progress notes,
procedural notes, consultation notes, and nursing notes.

Candidate predictors of the primary outcome were obtained from the ACS-NSQIP dataset
including demographic information, medical comorbidities, and surgical characteristics,
including type of surgery. Laboratory values included preoperative hematocrit (%), white

aThe American College of Surgeons National Surgical Quality Improvement Program and the hospitals participating in the ACS-
NSQIP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data
analysis or the conclusions derived by the authors.

Anesth Analg. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 4

blood cell count (WBC; 103/ul), serum sodium (mEq/L), and serum creatinine (mg/dl). The
relationships between continuous variables and PHFD were assessed by plotting the deciles
of each variable by the log-odds of PHFD in univariable analyses. WBC and hematocrit
were modeled as continuous variables. Serum sodium was categorized as (<143 and >143)
and serum creatinine was categorized as (<0.95 and >0.95). Other preoperative risk factors
from the HFPT-PUF included preoperative delirium, preoperative dementia, use of mobility
aid, pressure sore, medical co-management, standardized hip fracture care program, time
from admission to operation, type/ location of hip fracture, and pathologic fracture.

Statistical analysis

RESULTS

The derivation cohort was used to develop a logistic regression model to determine the
associations between risk factors and PHFD. Initial candidate variables were identified using
clinical judgement and prior known delirium risk factors. Differences in predictor variables
between patients with and without PHFD were compared using the chi-squared test or t-test
as appropriate. Variable selection for the PHFD prediction model was performed in multiple
steps. First, we fit a univariable logistic regression model for each candidate variable.
Variables with P < 0.20 were entered into the multivariable analysis, initially consisting of a
forward stepwise logistic regression model with an entry criterion of P<0.20 and a removal
criterion of P>0.20. The remaining variables were sequentially removed, beginning with the
variable with the smallest effect size (B coefficient), and were eliminated if there was no
significant reduction in the area under the curve (AUC) of the receiver operator
characteristic (ROC) curve after removal.1* Using the final logistic regression model, a risk
score for PHFD was developed as previously described.1®

Model discrimination was determined by assessing the AUC of the ROC curve and model
calibration was assessed with calibration plots. Internal validity was assessed by comparing
model discrimination and calibration between the derivation and validation cohorts. An
initial analysis of external validity, evaluating cohorts separated by time, was performed by
comparing the derivation and test cohorts. Missing data was observed in several variables
(Supplemental Table 1). BMI had a high rate of missing data (14.3%) but did not remain in
the final model in either complete case analysis or when coded with a missing category
level. We did not adjust for missing data in the remaining variables due to the low rate of
missing data, and complete case analysis was performed.

The a level was set at 0.05 for significance. Statistical analyses were performed using SPSS
Software version 22.0.0 (SPSS, Inc., Chicago, IL) and SAS Software version 9.4 (SAS
Institute, Cary, NC).

Baseline characteristics

Of the 6210 patients in the derivation cohort, PHFD was observed in 1816 patients (29.2%).
Baseline characteristics are presented in Table 1. PHFD was more likely to occur in patients
who were older, had American Society of Anesthesiologists Physical Status (ASA PS) I11-V,
functional dependence, transferred from a chronic care facility, had systemic inflammatory
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response syndrome (SIRS)/sepsis/septic shock, bleeding disorder, preoperative delirium,
preoperative dementia, pre-fracture bone protection medication, preoperative use of mobility
aid, preoperative pressure sore, and medical co-management (Table 1).

Development of multivariable logistic regression model for post hip fracture surgery

delirium

A total of 32 variables with P<0.20 in univariate logistic regression were entered in stepwise
multivariable logistic regression (bolded variables in Supplemental Table 2), yielding 19
variables: preoperative delirium, pneumonia, preoperative dementia, advanced age, medical
co-management, functional dependence, smoking, ASA PS, SIRS/sepsis/septic shock,
preoperative use of mobility aid, bleeding disorder, preoperative pressure sore, dyspnea,
serum sodium level, serum creatinine level, standardized hip fracture care program,
hypertension, time from admission to operation and diabetes (Supplemental Table 2).

Beginning with these 19 variables, we sequentially removed variables, beginning with the
variable with the smallest effect size, and evaluated changes in the AUC of the ROC curves
(Supplemental Table 3). There was no significant decrease in AUC after removing diabetes,
after removing time from admission to operation, after removing hypertension, after
removing standardized hip fracture care program, after removing serum creatinine level,
after removing serum sodium level, after removing dyspnea, after removing preoperative
pressure sore, and after removing bleeding disorder. There was a significant decrease in
AUC after removing preoperative use of mobility aid (AUC decrease 0.004 95% CI 0.001-
0.007; P=0.008), and variable selection ended with 10 variables. In a logistic regression
model with these 10 variables (Supplemental Table 4), pneumonia was not a significant
predictor of PHFD (P=0.15), likely due to differences in the samples between the 19-
variable logistic regression model and the 10-variable model; furthermore, removal of
pneumonia did not significantly reduce the AUC of the model (P=0.40) and pneumonia was
eliminated.

The final logistic regression model for PHFD included the following nine variables:
preoperative delirium, preoperative dementia, age, medical co-management, ASA PS,
functional dependence, smoking, SIRS/Sepsis/Septic shock, and preoperative use of
mobility aid (Table 2). The model had an AUC of 0.77 (95% CI 0.76-0.78) (Figure 1A) and
was well-calibrated (Figure 1B). We tested all combinations of 2-way interactions among
these 9 variables and there were no interactions that significantly increased the AUC of the
model (data not shown).

Validation of the logistic regression model

There were no differences in the patient characteristics and PHFD rates between the
derivation and validation cohorts (data not shown). The parameter estimates from the final
logistic regression model in the derivation cohort were applied to the validation cohort, and
the ROC curves in the derivation and validation cohorts were similar (Figure 1A). The AUC
in the validation cohort was 0.77 (95% CI 0.75-0.79) with good calibration in the validation
cohort (Figure 1C).
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Development and validation of arisk score to predict post hip fracture surgery delirium

Based on the B coefficients of the final logistic regression model with 9 predictors, points
were assigned to each predictor with a total score from 0 to 20 (Table 3). The predicted risk
of PHFD ranged from 4.5% with a risk score of 0 to 92.0% with a risk score of 20
(Supplemental Table 5). The risk score model had an AUC 0.77 (95% CI 0.76-0.78). When
applied to the validation cohort, the risk score model had an AUC of 0.77 (95% CI 0.75-
0.79). The ROC curves of the risk score model using the derivation and validation cohorts
were similar, and the models were well-calibrated in both cohorts (Supplemental Figure 2).

Test cohort for model

The rate of PHFD in the test cohort was 28.4% (2803/9883), which was not different from
the derivation cohort (P=0.23). There were no differences in the baseline characteristics
between the derivation and test cohorts. When applied to the test cohort, the AUCs of the
logistic regression and risk score models were 0.79 (95% CI 0.78-0.80) (Figure 1A) and
0.79 (95% CI 0.77-0.80) (Supplemental Figure 2A), respectively, and both models were
well-calibrated (Figure 1D, Supplemental Figure 2D).

Sensitivity analysis: Patients without preoperative delirium

We performed a sensitivity analysis on the subset of patients without preoperative delirium.
Of the 6210 patients in the derivation cohort, 5439 did not have preoperative delirium, and
of these, 22% (N=1201) had PHFD. A stepwise forward logistic regression model was fit
with 31 candidate variables (bolded variables in Supplemental Table 2, excluding
preoperative delirium) using the same criteria as above. This model retained 14 variables
(Supplemental Table 6) and the AUC was 0.69 (95% CI 0.68-0.71).

Discussion

We developed and internally validated a practical prediction model for PHFD consisting of
nine clinical factors: preoperative delirium, preoperative dementia, age, medical co-
management, ASA PS, functional dependence, smoking, SIRS/sepsis/septic shock, and
preoperative use of mobility aid. This model can be applied by perioperative physicians at
the time of surgery to assess the risk of PHFD and was developed using a large multicenter
dataset of patients with data collected specifically for hip fracture surgery patients. The
incidence of delirium after hip fracture surgery was ~29%, comparable to the incidence of
24-35% in prior studies of hip fracture patients1®-18 and the predictors for PHFD identified
by our study were also consistent with previous studies.#7:16.19.20

Notably, our analysis included patients with preoperative delirium — affecting ~12% of our
patients — and this was the strongest predictor of PHFD, accounting for 8 out of the total 20
points in the risk score. Preoperative delirium occurs in 13.5 to 53% of hip fracture
patients?1-23 but patients with preoperative delirium are typically excluded from
studies®1924 and this risks excluding a significant proportion of patients at risk for PHFD.2°
The inclusions of patients with preoperative delirium in our analysis are consistent with the
real-world clinical population of patients presenting with hip fracture. In a sensitivity
analysis, we found that when patients with preoperative delirium were excluded, the
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magnitude of the associations (ORs) of the remaining risk factors were similar to the
original analysis, but model discrimination was worse, confirming the importance of
preoperative delirium as a risk factor in our model.

Previous reviews of delirium prediction consistently identified advanced age, cognitive
impairment, functional and sensory impairment, and comorbidity burden as leading risk
factors.47:16.19.20 Among them, preoperative cognitive impairment is the most important risk
factor for postoperative delirium.® In our cohort, the incidence of preoperative dementia was
30% (1851/6210) and half of these patients (983/1851; 53%) developed PHFD, comparable
to previous studies.20:26 A causal relationship between dementia and delirium has not yet
been established® but patients with dementia are at risk for preoperative delirium after a
precipitating factor such as hip fracture.18 In our cohort, 72% of patients with preoperative
delirium had preoperative dementia (554/771), comparable to previous studies.18:22
Delirium occurring in older patients with dementia has been associated with a dramatic
deterioration of cognitive function and patients often fail to return to their baseline cognitive
state.

Frailty can be characterized as increased vulnerability to stress related to compromised
homeostatic capacity in multiple physiologic systems and has many similarities with
delirium.2” Advanced age, a central aspect of frailty,28 is a risk factor for PHFD, likely due
to the relationship between aging and impaired physiologic compensatory function and the
gradual accumulation of cerebral damage in the setting of surgical stress.?0 Frail patients
have a decline in their physical function, and several studies have demonstrated a significant
association between functional dependence and PHFD,#20.26 though a recent review did not
find this relationship.1® This may be due to differences in how this variable is defined, and in
our study, functional dependence was measured by impairments in the activities of daily
living and was a significant predictor of PHFD. Impairments in the activities of daily living
can be viewed as a symptom of frailty2? and dependence on mobility aids may represent
frailty, especially in older adults.30

An increased comorbidity burden is a marker of frailty.3 Comorbidity burden, as assessed
by the ASA PS or Charlson Comorbidity Index, is associated with PHFD.#16.19.20.26 |
addition to the ASA PS, our model identified medical co-management, defined as the need
for a preoperative medical consultation and a likely indicator of advanced comorbidity
burden, as a predictor of PHFD. We did not incorporate a frailty index in our model but
frailty has been measured in ACS-NSQIP data32 and the utility of a frailty measure will
require further investigation.

One of the leading mechanisms for delirium is neuroinflammation.# In our cohort, the
incidence of preoperative SIRS/sepsis/septic shock was 9.8 % (609/6210) and 40%
(248/609) patients developed PHFD, comparable to previous studies.33 Smoking was a
predictor of PHFD in our model. Although the exact link between smoking and delirium is
unclear, acute nicotine withdrawal may increase delirium3* and others have identified
smoking as a risk factor for postoperative delirium.3>
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Several prediction models for PHFD have been developed®36:37 but these models have some
limitations when applied to femur fracture patients. Kalisvaart et al.6 applied a medical risk
model to hip-surgery patients but the sample consisted of elective hip replacement patients
in addition to hip fracture repair patients, and it may be problematic to include both types of
patients as the incidence of delirium was 4-fold greater in the hip fracture patients as
compared to the elective patients. Moerman et al.3” included a significant number of healthy
patients where 67% of patients had ASA PS I/11 while in our study, 85% of patients had
ASA PS 111-V, and one of their factors (ability to draw a clock) is not something routinely
assessed in clinical practice. Freter et al.36 applied an instrument developed in elective
orthopedic surgery patients to older adults with femur fracture, but the study had a small
sample size and only one variable in the instrument (cognitive impairment) was strongly
associated with PHFD. A recent study, also using ACS NSQIP data, identified predictors of
PHFD, but their analyses included postoperative variables and cannot be applied as a
preoperative risk assessment tool.38 Patients identified as being high-risk for PHFD should
be managed to minimize the risk for delirium such as proactive, multicomponent
interventions and geriatrics consultation.®

Hospital Elder Life Program (HELP) focused on the intervention of modifiable delirium risk
factors such as mobilization, orientation, nonpharmacological sleep enhancement, visual/
hearing aids, and hydration.3? HELP effectively reduced the incidence of delirium and has
been used internationally.® The proactive geriatrics consultation, which is known as another
effective nonpharmacologic strategy for delirium prevention, has a structured protocol to
reduce opioid use (round-the-clock acetaminophen and local pain management) and
discontinuing sleeping pills.5 Previous studies showed this method reduced the incidence of
delirium in patients with hip fracture.®

The primary limitation of our analysis is the lack of a validated clinical screening or
assessment tool for delirium, such as the Confusion Assessment Method and Delirium
Rating Scale.® The ACS-NSQIP is not an intervention per se, and cannot mandate the
implementation of any specific clinical tests or measures, and the data are derived from
multiple centers, so it may be difficult to apply a standardized screening tool across multiple
hospitals. However, a chart-based method for the identification of delirium is a validated
method with 74% sensitivity and 83% specificity, and overall agreement was 82% in older
adults. A chart-based method can also detect delirium occurring during the night or on
weekends, which may be missed by a screening or assessment tool based method.13 Other
limitations are that some risk factors for postoperative delirium (e.g., substance abuse,
sensory impairment, presence of depression, medications) are not available in the dataset. In
addition, this study does not have data on the severity and duration of delirium. In future
studies, a prediction model accounting for the severity of the delirium would be of great
clinical benefit. Our risk score was derived, internally validated, and tested on ACS-NSQIP
data. While the ACS-NSQIP HFPT-PUF contains data from 117 institutions, there is an
over-representation of large, academic medical center, and external validation in different
patient populations is necessary to determine the generalizability of our model.

In conclusion, we built a practical model with nine clinical factors to predict postoperative
delirium for older adult patients with hip fracture. It will be necessary in future studies to
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externally validate our results to investigate how this risk score model affects the prevention
of postoperative delirium in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary of Terms

ACS-NSQIP American College of Surgeons National Quality Improvement
Program
PUF Participant Use Data File
HFPT-PUF Hip Fracture Procedure Targeted Participant Use Data File
PHFD post hip fracture surgery delirium
WBC white blood cell count
AUC area under the curve
ROC receiver operator characteristic
ASA PS American Society of Anesthesiologists Physical Status
SIRS systemic inflammatory response syndrome
HELP Hospital Elder Life Program
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Key Points

. Question: Is there a practical risk score that can predict the risk of
postoperative delirium in older patients undergoing hip fracture repair?

. Finding: The risk score for post hip fracture delirium included nine variables:
preoperative delirium (8 points), preoperative dementia (3 points), age (0-3
points), medical co-management (1 point), ASA Physical Status I11-V (1
point), functional dependence (1 point), smoking (1 point), systemic
inflammatory response syndrome/sepsis/septic shock (1 point), and
preoperative use of mobility aid (1 point), with an area under the curve of the
receiver operator characteristic curve of 0.77 [95% confidence interval 0.76—
0.78].

. Meaning: Our prediction model can be applied by perioperative physicians at
the time of hip fracture surgery to assess the risk of postoperative delirium.
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Figure 1.

Receiver operator characteristic (ROC) curves of logistic regression model for post hip
fracture delirium (PHFD) in derivation, validation, and test cohorts (A). Calibration plots
showing observed and predicted risks across deciles of predicted risk for derivation (B),

validation (C), and test cohorts (D).
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National Surgical Quality Improvement Program Hip Fracture Procedure Targeted Participant Use Data File,

2016.
Total patientsa Delirium Incidence rate
(n=6210) (n = 1816) (29.29%)

Characteristics n (%) n (%) %
Age (y)

60-69 710 (11.4%) 89 (4.9%) 12.5%

70-79 1344 (21.6%) 298 (16.4%) 22.2%

80-89 2608 (42.0%) 833 (45.9%) 31.9%

=90 1548 (24.9%) 596 (32.8%) 38.5%
Sex

Female 4412 (71.0%) 1278 (70.4%) 29.0%

Male 1798 (29.0%) 538 (29.6%) 29.9%
ASA physical status

I-11 931 (15.0%) 160 (8.8%) 17.2%

-V 5268 (84.8%) 1653 (91.0%) 31.4%
Body mass index (kg/m?)

BMI <185 458 (7.4%) 154 (8.5%) 33.6%

BMI > 18.5 and <25 2504 (41.8%) 789 (43.4%) 30.4%

BMI >25 and <30 1456 (23.4%) 387 (21.3%) 26.6%

BMI >30 and <35 555 (8.9%) 136 (7.5%) 24.5%

BMI >35 259 (4.2%) 59 (3.2%) 22.8%

missing 888 (14.3%) 291 (16.0%) 32.8%
Functional status

Independent 4789 (77.1%) 1141 (62.8%) 23.8%

Partially/Totally dependent 1359 (21.9%) 648 (35.7%) 47.7%
Transfer status

Admitted directly from home 4646 (74.8%) 1219 (67.1%) 26.2%

Chronic care facility 726 (11.7%) 341 (18.8%) 47.0%

Other 838 (13.5%) 256 (14.1%) 30.5%
Smoking within one year 597 (9.6%) 146 (8.0%) 24.5%
Diabetes 1111 (17.9%) 302 (16.6%) 27.2%
Dyspnea 480 (7.7%) 161 (8.9%) 33.5%
COPD 668 (10.8%) 213 (11.7%) 31.9%
Pneumonia 53 (0.9%) 28 (1.5%) 52.8%
Ascites 20 (0.3%) 8 (0.4%) 40.0%
Congestive heart failure 258 (4.2%) 92 (5.1%) 35.7%
Hypertension 4211 (67.8%) 1274 (70.2%) 30.3%
Acute renal failure 29 (0.5%) 11 (0.6%) 37.9%
Preoperative dialysis 122 (2.0%) 34 (1.9%) 27.9%
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Total patientsa Delirium Incidence rate
(n = 6210) (n = 1816) (29.2%)
Characteristics n (%) n (%) %
Disseminated cancer 165 (2.7%) 31 (1.7%) 18.8%
Wound infection 238 (3.8%) 88 (4.8%) 37.0%
SIRS/Sepsis/Septic shock 609 (9.8%) 248 (13.7%) 40.7%
Chronic steroid use 353 (5.7%) 86 (4.7%) 24.4%
Unintentional weight loss 81 (1.3%) 31 (1.7%) 38.3%
Bleeding disorder 1123 (18.1%) 377 (20.8%) 33.6%
Preoperative transfusion 314 (5.1%) 98 (5.4%) 31.2%
Preoperative laboratory data
Hematocrit (%), mean (SD) 34.8 (5.4) 34.7 (5.5)
WBC count (10%L), mean (SD) 10.0 (3.7) 10.3(3.7)
Serum sodium level
Na =143 mEq/L 597 (9.6%) 230 (12.7%) 38.5%
Creatinine > 0.95 mg/d| 2467 (39.7%) 809 (44.5%) 32.8%
Preoperative delirium 771 (12.4%) 615 (33.9%) 79.8%
Preoperative dementia 1851 (29.8%) 983 (54.1%) 53.1%
Pre-fracture bone protection medication 1791 (28.8%) 598 (32.9%) 33.4%
Preoperative use of mobility aid 3368 (54.2%) 1182 (65.1%) 35.1%
Preoperative pressure sore 211 (3.4%) 87 (4.8%) 41.2%
Medical co-management 5577 (89.8%) 1689 (93.0%) 30.3%
Standardized hip fracture care program 3406 (54.8%) 1022 (56.3%) 30.0%
Emergency 2119 (34.1%) 588 (32.4%) 27.7%
Time from admission to operation
<1day 4711 (75.9%) 1343 (74.0%) 28.5%
> 1 day 1279 (20.6%) 413 (22.7%) 32.3%
Type of surgery
Intramedullary Implant 3117 (50.2%) 900 (49.6%) 28.9%
Extramedullary Implant 871 (14.0%) 244 (13.4%) 28.0%
Internal Fixation or Prosthesis 2222 (35.8%) 672 (37.0%) 30.2%
Type of hip fracture
Femoral neck fracture-undisplaced 569 (9.2%) 151 (8.3%) 26.5%
Femoral neck fracture-displaced 1734 (27.9%) 538 (29.6%) 31.0%
Intertrochanteric 3353 (54.0%) 993 (54.7%) 29.6%
Subtrochanteric 394 (6.3%) 89 (4.9%) 22.6%
Other/Cannot be determined 160 (2.6%) 45 (2.5%) 28.1%
Pathologic fracture
None 6038 (97.2%) 1787 (98.4%) 29.6%
Tumor 89 (1.4%) 16 (0.9%) 18.0%
Atypical 83 (1.3%) 13 (0.7%) 15.7%

a . . ..
Totals within variables may vary because of missing data.

Continuous variables expressed as mean (SD). Categorical variables expressed as counts (%).
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Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; SIRS,
systemic inflammatory response syndrome; WBC, white blood cell; Na, sodium; BUN, blood urea nitrogen; Cr, creatinine.
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Multivariable logistic regression model for post hip fracture surgery delirium, American College of Surgeons
National Surgical Quality Improvement Program Hip Fracture Procedure Targeted Participant Use Data File,

2016.

Variables Odds Ratio (95% CI) P Value
Preoperative delirium 8.32 (6.78-10.21) <0.001
Preoperative dementia 2.38 (2.05-2.76) <0.001
Age (y) <0.001

60-69 —

70-79 1.60 (1.20-2.12)

80-89 2.09 (1.59-2.74)

>90 2.43 (1.82-3.23)
Medical co-management 1.43 (1.13-1.81) <0.001
ASA physical status

-V vs I-11 1.40 (1.14-1.73) 0.002
Functional dependence 1.37 (1.17-1.61) <0.001
Smoking 1.36 (1.07-1.72) 0.011
SIRS/Sepsis/Septic shock 1.34 (1.09-1.65) 0.006
Preoperative use of mobility aid 1.32(1.14-1.52) <0.001

Abbreviations: ASA, American Society of Anesthesiologists; SIRS, systemic inflammatory response syndrome.
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Table 3.

Risk score for post hip fracture surgery delirium, American College of Surgeons National Surgical Quality
Improvement Program Hip Fracture Procedure Targeted Participant Use Data File, 2016.

Variables Points Assigned

Preoperative Delirium 8
Preoperative Dementia 3
Age

60-69

70-79

>80
Medical co-management
ASA physical status 111-V
Functional dependence
Smoking
SIRS/Sepsis/Septic shock

e 2 I I -}

Preoperative use of mobility aid

Abbreviations: ASA, American Society of Anesthesiologists; SIRS, systemic inflammatory response syndrome.

Anesth Analg. Author manuscript; available in PMC 2021 January 01.



	Abstract
	INTRODUCTION
	METHODS
	Data Source
	Study Population and Data Collection
	Outcomes
	Variables
	Statistical analysis

	RESULTS
	Baseline characteristics
	Development of multivariable logistic regression model for post hip fracture surgery delirium
	Validation of the logistic regression model
	Development and validation of a risk score to predict post hip fracture surgery delirium
	Test cohort for model
	Sensitivity analysis: Patients without preoperative delirium

	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.

