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Purpose: Postoperative cardiac events (PCEs) are among the main adverse events after hip fracture surgery in the elderly. Existing 
cardiac risk assessment tools have some limitations and are not specifically designed for elderly patients undergoing hip fracture 
surgery. This study aimed to develop and internally validate a nomogram for prediction of PCEs in these patients.
Patients and Methods: We performed a retrospective study of 992 patients aged ≥65 years undergoing hip fracture surgery in our 
hospital from July 2015 to December 2021. Patients’ demographics and clinical data were collected. Least Absolute Shrinkage and 
Selection Operator (LASSO) regression was used to select predictors, and multivariate logistic regression was employed to construct 
a nomogram. Internal validation was performed by bootstrapping. The discriminatory ability of the model was determined by the area 
under the receiver operating characteristic curve (AUC). The calibration and clinical utility of the model were assessed. The predictive 
power and clinical benefit of the nomogram were compared with the Revised Cardiac Risk Index (RCRI).
Results: The nomogram was constructed including seven variables: general anesthesia, the American Society of Anesthesiologists 
(ASA) classification, history of heart failure, history of severe arrhythmia, history of coronary artery disease, preoperative platelet 
count, and serum creatinine. The nomogram had an excellent predictive ability (AUC = 0.875, 95% confidence interval [CI]: 0.828– 
0.918). Satisfactory calibration was shown by calibration plots and the Hosmer-Lemeshow goodness-of-fit test (P = 0.520). Clinical 
usefulness was confirmed by decision curve analysis and clinical impact curve. The predictive power and clinical utility of the 
nomogram were superior to RCRI.
Conclusion: We developed an easy-to-use nomogram for prediction of PCEs in elderly hip fracture patients. This prediction model 
could effectively identify patients at high risk of PCEs and may be useful for perioperative management optimization.

Plain Language Summary: Postoperative cardiac events (PCEs) are serious cardiac complications of hip fracture surgery in patients 
aged ≥65 years. There is a lack of accurate cardiac risk assessment tools specifically designed for such patients with hip fractures. 

This study aimed to develop a specific prediction model for the prediction of PCEs in elderly hip fracture patients and evaluate its 
performance. 

We performed a study of 992 patients aged ≥65 years undergoing hip fracture surgery. Forty-eight routine clinical data were 
collected as potential risk factors. These were put into statistical models to screen significant predictors and establish a nomogram 
prediction model (a simple visualized two-dimensional diagram). Then, seven predictors were identified, namely general anesthesia, 
the American Society of Anesthesiologists (ASA) classification, history of heart failure, history of severe arrhythmia, history of 
coronary artery disease, preoperative platelet (PLT) count, and serum creatinine (Scr). The nomogram was developed based on these 
predictors and performed well in this unique population. It could easily and accurately identify those patients at high risk of PCEs and 
might be useful for improving patient outcomes. 
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Introduction
Hip fractures are one of the most common and serious fractures with high morbidity, mortality, and healthcare costs, 
mainly occurring in elderly patients. As the population ages, the number of hip fractures has increased rapidly, and it has 
become a major public health problem worldwide.1,2 Operative treatment is recommended for most hip fractures.3 

Despite the positive surgical outcomes, hip fracture surgery is significantly associated with multiple postoperative 
complications, including various postoperative cardiac adverse events such as myocardial infarction, new-onset arrhyth-
mia, development or exacerbation of heart failure, and cardiac arrest.

The incidence of postoperative cardiac events (PCEs) varies widely, ranging from 2.2% to 8.0%, due to the different 
definitions of PCEs in previous studies.4–6 Despite the relatively low incidence rate, PCEs are one of the most serious 
postoperative complications associated with poor prognosis.5,7–9 Geriatric patients are at increased risk for perioperative 
cardiac adverse events due to their poorer health status and higher cardiovascular comorbidity rate.10,11 Previous studies 
identified multiple risk factors for PCEs, including patient-related and surgery-specific factors such as old age,12 male 
sex,12 low body mass index (BMI),13 elevated creatine,14 elevated preoperative N-terminal pro-B type natriuretic peptide 
(NT-proBNP)14–16 or troponin,16,17 high American Society of Anesthesiologists (ASA) classification grade,18 preopera-
tive red blood cell transfusion,14 frailty19 and preoperative comorbidities such as cardiac disease,4,12,20,21 hypertension,12 

peripheral artery disease,4,12 and diabetes mellitus (DM).12,22 However, these factors alone are insufficient for predicting 
the risk of cardiac events. Preoperative cardiac examinations such as echocardiography and coronary computed 
tomography angiography are expensive and time-consuming, limiting their use in clinical practice. To date, several 
cardiac risk assessment tools have been developed for predicting perioperative cardiac events after non-cardiac surgery, 
such as the Revised Cardiac Risk Index (RCRI),23 Gupta myocardial infarction or cardiac arrest (MICA) risk index,24 

American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) surgical risk calculator,25 

and Geriatric-Sensitive Perioperative Cardiac Risk Index (GSCRI).26 RCRI is the most widely used risk tool, using six 
clinical data, and is easy-to-use. However, it was developed over two decades and has only moderate discriminative 
ability. MICA is a cardiac risk calculator developed from the NSQIP database, which predictive performance surpasses 
that of the RCRI, but it is limited to predicting the probability of perioperative myocardial infarction or cardiac arrest. 
The 21-component ACS NSQIP surgical risk calculator has superior predictive performance, but it is complex and less 
manageable. GSCRI is a prediction model specifically designed for geriatric non-cardiac surgery patients; however, it has 
not been validated in elderly hip fracture patients. Therefore, it is desirable to develop a specific model to predict PCEs in 
elderly hip fracture patients easily and accurately.

The purpose of this study was to identify significant predictors from routine clinical data and establish an easy-to-use 
nomogram for the prediction of PCEs in elderly hip fracture patients.

Materials and Methods
Study Population
A retrospective cohort study was conducted to identify key predictors and develop a nomogram prediction model for 
predicting PCEs in elderly hip fracture patients. Patients aged 65 years or older who were diagnosed with a hip fracture 
(including femoral neck, intertrochanteric, and subtrochanteric fractures) and underwent surgery between July 2015 and 
December 2021 in Peking University Third Hospital were initially deemed eligible. Exclusion criteria were as follows: 
(1) multiple fractures; (2) pathological fractures; (3) old fractures (>21 days from injury); (4) repeat admissions or 
duplicated medical records; (5) incomplete medical records. A flowchart of the study design is shown in Figure 1.

This study was performed according to the Declaration of Helsinki and approved by the ethics committee of Peking 
University Third Hospital (No. M2023256). Written informed consent was waived due to the retrospective nature of the 
study with minimal risk.

Data Collection
All the data were obtained from the electronic medical record system and a radiology information system. The electronic 
medical records were screened by trained clinical reviewers. Patients who met the inclusion/exclusion criteria were 
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identified. Based on previous studies12–14,18–22 and other cardiac risk indices currently in use,23–26 48 pre- and 
intraoperative potential predictive clinical variables were retrospectively collected. Preoperative data that were investi-
gated included demographics (age, sex, and BMI); preoperative comorbidities comprising heart failure, coronary artery 
disease (including percutaneous coronary intervention or stenting, myocardial infarction, angina, and surgical coronary 
revascularization), severe arrhythmia (including atrial fibrillation, atrial flutter, and ventricular tachycardia), DM, 
hypertension, cerebrovascular disease, pulmonary disease (defined as pneumonia, history of chronic obstructive pulmon-
ary disease, or interstitial lung disease), renal insufficiency, liver disease (defined as a history of hepatitis or cirrhosis), 
and active cancer; injury-related characteristics (type of fracture, time from injury to admission, and time from injury to 
surgery); physical examination data (heart rate, systolic blood pressure, and diastolic blood pressure at admission); the 

1153 elderly hip fracture patients
(aged ≥ 65 years) undergoing surgery 
in Peking University Third Hospital
between July 1, 2015, to December

31, 2021 were screened Exclusions, n=161
1. multiple fractures (n=15)
2. pathological fractures (n=2)
3. old fractures (> 21 days from injury) 

(n=113)
4. repeat admissions or duplicated 

medical records (n=18)
5. incomplete medical records (n=13)

992 patients were included in this 
study

Development of a nomogram 
prediction model 

Internal validation with bootstrap 
method (1000 resampling)

Comparison of RCRI and the nomogram

Results
A 7-variable nomogram is well developed and clinicaly
useful for predicting the risk of postoperative cardiac 

events in elderly hip fracture patients

1. Lasso regression 
2. Multivariate logistic regression
3. Nomogram

1. Receiver operating characteristic (ROC)
curve

2. Calibration plot and Hosmer-Lemeshow test 
3. Decision curve analysis (DCA)
4. Clinical impact curve (CIC)

1.

2. Decision curve analysis (DCA)

Receiver operating characteristic (ROC)
curve

Figure 1 Flowchart of the study design. 
Abbreviation: RCRI, Revised Cardiac Risk Index.
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ASA classification and preoperative blood transfusion. Preoperative laboratory examinations including white blood cells 
(WBCs), hemoglobin (HGB), neutrophil, lymphocyte, monocyte, and platelet (PLT) count, prothrombin time (PT), 
activated partial thromboplastin time (APTT), fibrinogen (FIB), alanine transaminase (ALT), total bilirubin (TBIL); 
potassium, sodium, urea nitrogen (BUN), serum creatinine (Scr), and uric acid (UA) were evaluated. The neutrophil-to- 
lymphocyte ratio, monocyte-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index 
(platelet × neutrophil/ lymphocyte), which demonstrated a possible association with PCEs in some studies,27–29 were also 
analyzed to explore the potential relationship between novel inflammatory markers and PCEs. Intraoperative data 
included the type and duration of surgery and anesthesia, intraoperative blood loss, intraoperative infusion volume, 
and intraoperative blood transfusion.

Study Outcomes and Definitions
PCEs of elderly hip fracture patients consisted of myocardial infarction (MI), congestive heart failure (CHF), new-onset 
severe arrhythmia, cardiac arrest, and cardiac death during hospitalization. If a patient suffered from more than one 
cardiac event during the observation period, the cardiac event was counted once for the outcome event.

MI was defined as elevated cardiac troponin values with at least one value above the 99th percentile upper reference 
limit, accompanied by chest pain, new abnormal Q wave, persistent significant ST elevation or depression, or new-onset 
left bundle branch block on electrocardiogram, and ventricular wall motion abnormalities on echocardiography. CHF was 
diagnosed based on clinical manifestations and examinations of heart failure, including dyspnea, orthopnea, peripheral 
edema, jugular venous distention, rales, third heart sound, elevated NT-proBNP, or chest X-ray with pulmonary 
congestion or edema, requiring treatment with diuretics and vasodilators. New-onset severe arrhythmia was defined as 
new ventricular tachycardia, atrial flutter, atrial fibrillation, and paroxysmal supraventricular tachycardia requiring 
medication or electrical conversion during the postoperative period. Cardiac arrest was defined as the absence of cardiac 
rhythm or the presence of abnormal cardiac rhythm, including pulseless ventricular tachycardia or ventricular fibrillation 
and pulseless electrical activity or asystole, which required the initiation of cardiopulmonary resuscitation. Cardiac death 
was defined as death with known fatal cardiac conditions.

Statistical Analysis
All patients who met the inclusion/exclusion criteria were included for variable selection and the development of the 
prediction model. A Shapiro–Wilk test was applied first to test the normality of continuous variable data. Normally 
distributed variables were presented as the mean ± standard deviation and compared by independent sample t-test 
between two groups. Non-normally distributed variables were reported as median and interquartile range and analyzed by 
the Mann–Whitney U-test. Categorical variables were presented as the frequency and percentage and tested by the 
Pearson chi-square and Yates’s correction for continuity.

Predictor Selection and Development of the Nomogram
Least Absolute Shrinkage and Selection Operator (LASSO) regression analysis was initially used to select optimal 
predictors with a strong correlation with the outcome from candidate predictive variables. In the variable selection 
process, the LASSO regression adds a penalty parameter lambda (λ) to regression coefficients, which causes the 
coefficients of less contributing variables to shrink to zero, and the remaining variables with a non-zero coefficient are 
ultimately selected. Ten-fold cross-validation was adopted to find the optimal parameter lambda (λ). Lambda.1se was 
chosen as the best lambda to get the simplest model with good accuracy in this study. Subsequently, the variables selected 
in LASSO regression analysis were entered into a multivariate logistic regression analysis to further identify independent 
variables and construct the nomogram following a backward step-wise selection process.

Assessment of the Nomogram
The receiver operating characteristic (ROC) curve was used to assess the discriminating ability of the prediction model. 
The calibration plot and Hosmer-Lemeshow goodness-of-fit test were performed to evaluate the calibration. Decision 
curve analysis (DCA) and clinical impact curve (CIC) were utilized to assess the clinical utility. Considering the limited 
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study population, the bootstrapping method (1000 resamples) was employed for internal validation to further verify the 
discriminative ability and calibration of the prediction model. The area under the curve (AUC) of ROC and DCA of the 
nomogram were compared to those of the RCRI. The DeLong test was used to compare the difference in AUC between 
the two ROC curves.

All statistical analyses were performed by Statistical Package for Social Sciences program (SPSS) 26.0 (IBM, 
Armonk, New York, USA) and R software (version 4.2.1R Foundation for Statistical Computing, Vienna, Austria) 
with glmnet package for LASSO regression analysis, rms package for nomogram diagram, pROC package for ROC, rms 
package for calibration plot, HLtest package for Hosmer-Lemeshow test, rmda package for DCA and CIC, ROCR 
package for the comparison of AUC, and Dcurves package for the comparison of DCA between RCRI and the 
nomogram. All tests were two-tailed. A P value < 0.05 was considered statistically significant.

The development and validation of this prediction model was in accordance with the Transparent Reporting of 
a Multivariable Prediction Model for Individual Prognosis or Diagnosis statement.30

Results
Baseline Demographic and Clinical Characteristics
All 1153 elderly hip fracture patients (aged ≥ 65 years) undergoing surgery in our hospital were screened, and 161 of 
them were ruled out according to exclusion criteria, including 15 patients with multiple fractures, 2 patients with 
pathological fractures, 113 patients with old fractures, 18 patients with repeat admissions or duplicated medical records, 
and 13 patients with incomplete medical records. A total of 992 patients were eventually enrolled in the study (Figure 1). 
The patients were aged between 65 and 99 years, with a median age of 81 years. There were 717 (72.3%) women and 
275 (27.7%) men. The patients’ baseline characteristics are shown in Table 1

Table 1 Baseline Characteristics Between Patients with and without Postoperative Cardiac Events

Variables ALL Without PCEs With PCEs P value
(n = 992) (n = 917) (n = 75)

Age (years) 81.0(74.0–85.0) 81.0(74.0–85.0) 83.0(80.0–88.0) <0.001

Sex 0.631

Female, n (%) 717(72.3) 661(72.1) 56(74.7)

Male, n (%) 275(27.7) 256(27.9) 19(25.3)

BMI, n (%) 0.305

<18.5 kg 146(14.7) 139(15.2) 7(9.3)

18.5–28.0 kg 755(76.1) 696(75.9) 59(78.7)

>28.0 kg 91(9.2) 82(8.9) 9(12.0)

Medical history, n (%)

Heart failure 31 (3.1) 13(1.4) 18(24.0) <0.001

Coronary artery disease 140(14.1) 114(12.4) 26(34.7) <0.001

Severe arrhythmia 66(6.7) 38(4.1) 28(37.3) <0.001

Diabetes mellitus 276(27.8) 252(27.5) 24(32.0) 0.401

Diabetes mellitus requiring insulin 84(8.5) 74(8.1) 10(13.3) 0.115

Hypertension 561(56.6) 507(55.3) 54(72.0) 0.005

Cerebrovascular disease 180(18.1) 160(17.4) 20(26.7) 0.046

Pulmonary disease 107(10.8) 91(9.9) 16(21.3) 0.002

Renal insufficiency 37(3.7) 27(2.9) 10(13.3) <0.001

Liver disease 17(1.7) 14(1.5) 3(4.0) 0.113

Active cancer 23(2.3) 20(2.2) 3(4.0) 0.314

Type of fracture, n (%) 0.056

Femoral neck fracture 425(42.8) 397(43.3) 28(37.3)

Femoral intertrochanteric fracture 472(47.6) 438(47.8) 34(45.3)

Femoral subtrochanteric fracture 95(9.6) 82(8.9) 13(17.3)

(Continued)
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Table 1 (Continued). 

Variables ALL Without PCEs With PCEs P value
(n = 992) (n = 917) (n = 75)

Time from injury to admission (days) 2.00(1.00–4.00) 2.00(1.00–4.00) 1.00(1.00–4.00) 0.309

Time from injury to surgery (days) 4.00(2.00–7.00) 4.00(2.00–7.00) 4.00(3.00–7.00) 0.198

Preoperative SBP (mmHg) 135.0(125.0–146.0) 135.0(125.0–146.0) 135.0(125.0–145.0) 0.832

Preoperative DBP (mmHg) 76.0(70.0–80.0) 76.0(70.0–80.0) 72.0(68.0–80.0) 0.283

Preoperative heart rate (bpm) 76.0(70.0–80.0) 76.0(70.0–80.0) 78.0(70.0–88.0) 0.055

Preoperative laboratory examinations

WBC (×109/L) 9.07 (7.25–11.13) 9.01(7.19–11.08) 9.45(7.97–12.69) 0.033

HGB (g/dL) 120.00(107.00–132.00) 121.00(108.00–132.00) 112.00(98.00–126.00) 0.001

PLT (×109/L) 194.00(156.25–242.00) 193.00(156.00–240.00) 202.00(167.00–282.00) 0.057

NC (×109/L) 7.14(5.46–9.46) 7.05(5.39–9.40) 7.56(6.21–10.21) 0.051

LC (×109/L) 1.10(0.79–1.46) 1.10(0.79–1.46) 1.08(0.80–1.50) 0.757

MC (×109/L) 0.50(0.38–0.64) 0.50(0.38–0.63) 0.54(0.42–0.74) 0.024

NLR 6.43(4.11–10.11) 6.42(4.11–10.08) 6.50(4.25–10.31) 0.847

MLR 0.45(0.34–0.63) 0.45(0.34–0.62) 0.49(0.37–0.69) 0.093

PLR 179.33(126.23–251.70) 179.31(126.16–250.68) 179.44(131.21–262.42) 0.944

SII 1252.18(803.16–2085.52) 1237.31(794.80–2027.83) 1408.75(863.94–2554.37) 0.130

PT (s) 11.50(11.00–12.10) 11.50(11.00–12.10) 11.50(10.90–12.10) 0.847

APTT (s) 29.15(27.10–31.40) 29.20(27.15–31.40) 28.90(26.80–31.70) 0.983

FIB (g/L) 3.69(3.11–4.46) 3.68(3.11–4.46) 3.77(3.12–4.50) 0.562

ALT (U/L) 20.00(16.00–26.00) 20.00(16.00–26.00) 18.00(13.00–23.00) 0.045

TBIL (μmol/L) 15.20(11.30–21.42) 15.20(11.30–21.50) 15.20(10.35–20.30) 0.502

Potassium (mmol/L) 4.08 (3.80–4.42) 4.07(3.80–4.38) 4.10(3.73–4.52) 0.233

Sodium (mmol/L) 138.75(136.00–141.10) 138.80(136.20–141.15) 137.20(134.60–140.80) 0.010

BUN (mmol/L) 6.79(5.32–8.30) 6.70(5.29–8.20) 7.99(6.10–12.40) <0.001

Scr (μmol/L) 65.00(54.00–79.00) 64.00(54.00–78.00) 79.00(58.00–109.00) <0.001

Scr>176.8 μmol/L, n(%) 19 (1.9) 13 (1.4) 6 (8.0) <0.001

UA (mmol/L) 280.00(225.00–349.00) 277.00(220.50–343.50) 301.00(258.00–409.00) <0.001

ASA classification, n (%) <0.001

I–II 798 (80.4) 763 (83.2) 35 (46.7)

III–IV 194 (19.6) 154 (16.8) 40 (53.3)

Preoperative blood transfusion, n (%) 0.003

0 U 931(93.9) 867(94.5) 64(85.3)

1–4 U 61(6.1) 50(5.5) 11(14.7)

Type of surgery, n (%) 0.004

Internal fixation 731(73.7) 682(74.4) 49(65.3)

Hemiarthroplasty 120(12.1) 102(11.1) 18(24.0)

Total hip arthroplasty 141(14.2) 133(14.5) 8(10.7)

Type of anesthesia, n (%) <0.001

General anesthesia 220(22.2) 191(20.8) 29(38.7)

Regional anesthesia 772(77.8) 726(79.2) 46(61.3)

Duration of anesthesia (min) 122.0(102.0–147.0) 121.0(101.0–145.5) 131.0(104.0–155.0) 0.053

Duration of surgery (min) 63.0(49.0–80.0) 63.0(49.0–80.0) 63.0(49.0–87.0) 0.628

Intraoperative blood loss (mL) 50.0(50.0–150.0) 50.0(50.0–150.0) 50.0(50.0–150.0) 0.449

Intraoperative fluids infusion (mL) 1100.0(1000.0–1300.0) 1100.0(1000.0–1300.0) 1100.0(1000.0–1350.0) 0.672

Intraoperative blood transfusion, n (%) 0.041

0 U 868(87.5) 808(88.1) 60(80.0)

1–4 U 124(12.5) 109(11.9) 15(20.0)

Notes: The quantitative data were all nonnormally distributed and expressed by median (Q25, Q75) that were analyzed by the Mann–Whitney U-test. Categorical variables 
were presented by n (%) and tested by the Pearson chi-square and Yates’s correction for continuity. 
Abbreviations: PCEs, postoperative cardiac events; BMI, body mass index; ASA, American Society of Anesthesiologists; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; NC, neutrophil count; MC, monocyte count; LC, lymphocyte count; NLR=NC/LC; MLR=MC/LC; PLR= 
PLT/LC; SII=PLT × NC/LC; PT, prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen; ALT, alanine aminotransferase; TBIL, total bilirubin; Scr, serum 
creatinine; BUN, urea nitrogen; UA, uric acid.
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A total of 75 patients developed PCEs during hospitalization, with an incidence rate of 7.6%. Among these patients, 10 
(13.3%) patients had MI, 56 (74.7%) patients had CHF, 33 (44.0%) patients had new-onset severe arrhythmia, 1 (1.3%) 
patients had cardiac arrest, and 2 (2.7%) patients had cardiac death. 51 (68.0%) patients suffered from only one PCE, 22 
(29.3%) patients had two PCEs, and 2 (2.7%) patients had three PCEs. Details regarding PCEs are shown in Table 2.

Compared to patients without PCEs, patients with PCEs were older, had a higher prevalence of cardiovascular 
comorbidities including heart failure, severe arrhythmia, and coronary artery disease, higher prevalence of renal 
insufficiency, hypertension, cerebrovascular disease, and pulmonary disease, had a higher ASA classification grade, 
higher proportion of hemiarthroplasty, general anesthesia, and preoperative and intraoperative blood transfusion. 
Meanwhile, preoperative WBCs, monocytes, BUN, Scr, and UA were significantly higher, and levels of HGB, ALT, 
and sodium were lower among patients with PCEs (all P < 0.05). There was no significant difference in sex, BMI, type of 
fracture, prevalence of liver disease, DM, and active cancer, time from injury to admission, time from injury to surgery, 
preoperative heart rate, preoperative systolic and diastolic blood pressure, duration of anesthesia and surgery, intrao-
perative blood loss, amount of intraoperative fluid infusion, counts of PLTs, neutrophils, and lymphocytes, PT, APTT, 
FIB, TBIL, potassium, and inflammatory markers neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, plate-
let-to-lymphocyte ratio, and systemic immune-inflammation index between patients with and without PCEs. Baseline 
characteristics between patients with and without PCEs are shown in Table 1.

Predictor Selection and Development of the Nomogram
Forty-eight potential predictive variables (Table 1) were incorporated in LASSO regression for predictor selection. Nine 
predictive variables with non-zero coefficients were selected, including general anesthesia, the ASA classification, 
history of heart failure, history of severe arrhythmia, history of coronary artery disease, PLT, Scr, BUN, and UA 
(Figure 2A and B). These variables were incorporated into multivariate logistic regression analysis, and seven indepen-
dent predictors, namely general anesthesia, the ASA classification, history of heart failure, history of severe arrhythmia, 
history of coronary artery disease, PLT, and Scr, were eventually determined and included in the prediction model 
(Table 3). Based on the logistic regression model, we constructed a nomogram to predict the risk of PCEs (Figure 3).

Apparent Performance and Clinical Use of the Nomogram
The AUC of the nomogram was 0.875 (95% confidence interval [CI]: 0.828–0.918) after 1000 bootstrap resampling 
internal validations, indicating that the model had good discrimination ability (Figure 4). The calibration plot displayed 
good concordance between predicted and actual outcomes (Figure 5). The P value of the Hosmer-Lemeshow test was 

Table 2 Distribution and Number of 
Postoperative Cardiac Events

Postoperative Cardiac Events N (%)

MI 10(13.3)

CHF 56(74.7)
New-onset severe arrhythmia 33(44.0)

AF or atrial flutter 28(37.3)

PSVT 2(2.7)
Ventricular tachycardia 3(4.0)

Cardiac arrest 1(1.3)

Cardiac death 2(2.7)
One PCE 51(68.0)

Two PCEs 22(29.3)

Three PCEs 2(2.7)
Total PCEs 75(100)

Abbreviations: PCEs, postoperative cardiac events; MI, myo-
cardial infarction; AF, atrial fibrillation; CHF, congestive heart 
failure; PSVT, paroxysmal supraventricular tachycardia.
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0.520, also illustrating no significant difference between predicted and actual probabilities. DCA demonstrated that the 
utility of the nomogram for predicting PCEs added net clinical benefit compared to treat-all or treat-none strategies when 
the threshold probability was between 0.05 and 0.95 (Figure 6). Similarly, CIC showed that the nomogram predicted the 
occurrence of PCEs in general agreement with the occurrence of true PCEs in a wide range of threshold probabilities 
from 0.2 to 1.0, indicating that the nomogram was clinically useful (Figure 7). The ROC curve of the nomogram showed 
a greater AUC than that of RCRI (0.875 vs 0.717, DeLong test: P < 0.05), demonstrating that the nomogram had better 
discrimination ability (Figure 8). Additionally, the comparison of DCA between the two models showed that the 
nomogram had more net clinical benefit (Figure 9).

−7 −6 −5 −4 −3 −2 −1

−1
0

1
2

Log Lambda

C
oe

ff
ic

ie
nt

s

45 40 30 10 4 0 0

−4

B
in

om
ia

l D
ev

ia
nc

e

−5

Log(λ)

−6−7

0.
40

0.
45

0.
50

0.
55

45 45 43 38 36 32 25 19 9 8 5 4 3 2 1

−3

(A) (B)

Figure 2 Selection of PCEs predictors by LASSO regression. (A) The cross-validation plot for the selection of the optimal lambda (λ) in the LASSO regression was 
performed with ten-fold cross-validation. The relationship curve between binomial deviance and log(λ) was plotted. The left vertical dotted line indicated the λ value 
associated with the minimum deviance, and the right vertical dashed line indicated the optimal λ value determined by the minimum deviance and 1 standard error of the 
minimum deviance. (B) The LASSO coefficient profile plot of the 48 features. The coefficient profile plot was produced against the log(lambda) sequence, which illustrates 
the development of regression coefficient estimates with increasing regularization. Nine variables with non-zero coefficients, including general anesthesia, the ASA 
classification, history of heart failure, history of severe arrhythmia, history of coronary artery disease, PLT, Scr, BUN, and UA, were selected among 48 variables by 
deriving the optimal lambda. 
Abbreviations: PCEs, postoperative cardiac events; LASSO, least absolute shrinkage and selection operator; ASA, American Society of Anesthesiologists; PLT, platelet; Scr, 
serum creatinine; BUN, urea nitrogen; UA, uric acid.

Table 3 Multivariate Logistic Regression Analysis of Predictors Screened for 
Constructing the Nomogram Based on LASSO Regression

Intercept and Variables β OR (95% CI) P value

Intercept −7.480
General anesthesia 1.096 2.991(1.643–5.449) <0.001

ASA classification 1.009 2.744(1.152–4.938) 0.001

History of heart failure 1.524 4.591(1.832–11.704) 0.001
History of severe arrhythmia 2.481 11.948(5.975–23.956) <0.001

History of coronary artery disease 0.945 2.573(1.357–4.781) 0.003

PLT 0.007 1.007(1.003–1.010) <0.001
Scr 0.013 1.013(1.007–1.019) <0.001

Abbreviations: ASA, American Society of Anesthesiologists; PLT, platelet; Scr, serum creatinine; LASSO, 
Least absolute shrinkage and selection operator.
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Some steps are required to use the nomogram. First, a vertical line to the top points axis is drawn to get points for 
each variable. Second, the points of each variable are added together. Third, the total score on the total points axis is 
marked, and a vertical line is drawn down to the predicted probability axis to get the risk of PCEs. For example, for a 70- 
year-old hip fracture patient receiving general anesthesia surgery with a history of atrial fibrillation and coronary heart 
disease, the ASA classification III, PLT count of 350×109/L, and Scr of 100 μmol/L, the total score is 118 points, and the 
patient’s predicted probability of PCEs is 94%.

Discussion
In the present study, we developed and internally validated a nomogram to predict PCEs in elderly hip fracture patients 
for the first time. We screened out seven significant predictors, namely general anesthesia, the ASA classification, history 
of heart failure, history of severe arrhythmia, history of coronary artery disease, preoperative PLT count, and Scr, from 48 
pre- and intraoperative routine clinical variables and established the easy-to-use nomogram with excellent predictive 
ability and satisfactory clinical benefit using LASSO regression and multivariate logistic regression analysis. The 
prediction model can be used to predict the risk of PCEs in elderly hip fracture patients and help clinicians with cardiac 
risk evaluation and perioperative management optimization.

Many risk factors associated with PCEs in hip fracture patients have been found in the past decades. In the present 
study, we considered a wide variety of pre- and intraoperative risk factors for the prediction of PCEs. Six patient-related 
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factors, including a history of heart failure, severe arrhythmia, and coronary artery disease, the ASA classification, 
preoperative PLT count, and Scr, and one surgery-specific factor, namely general anesthesia, were identified as 
independent predictors and eventually incorporated into the nomogram. Some of them are also components of existing 
cardiac risk models. History of ischemic heart disease, history of CHF, and preoperative serum creatinine (>2.0 mg/dL) 
were three important variables in the RCRI. The ASA class and abnormal creatinine (>1.5 mg/dL) were among the five 
predictors of the Gupta MICA risk index. The ASA class, acute renal failure, CHF, and previous cardiac events were 
significant components in the ACS NSQIP surgical risk calculator. General anesthesia was one of the seven parameters in 
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Figure 4 Receiver operating characteristic (ROC) curve with area under the curve (AUC) of the model after internal validation using the bootstrap method (resampling = 1000). 
Vertical lines represent the 95% confidence interval (CI).
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the HASBLAD score, which was established for predicting perioperative major adverse cardiovascular events in Chinese 
non-cardiac surgery patients.31 These significant predictors were consistently proven and incorporated in many cardiac 
risk models. Additionally, history of CHF, the ASA classification, and creatinine were similar predictors both in our 
model and the GSCRI, a seven-variable cardiac risk assessment tool specifically designed for non-cardiac surgery 
patients aged ≥65 years, indicating their important predictive ability for PCEs in geriatric patients. Severe arrhythmia, 
as one of cardiac comorbidities, was seldom studied as an independent predictor alone. It was not a component of 
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previous models but was proven to be predictive in our study. Preoperative platelet count was also a unique predictor in 
our prediction model, which was rarely explored in previous studies.

History of cardiac disease has been well proven as the significant risk factor of postoperative adverse cardiac events of non- 
cardiac surgeries and included in many cardiac risk models.23–26 Previous studies showed that hip fracture patients with 
a history of cardiac disease also had a higher risk of postoperative cardiovascular events than those without a history of cardiac 
disease. In a retrospective cohort study of 27,441 patients with hip fractures, Sathiyakumar et al found that 594 (2.2%) patients 
had cardiac complications (cardiac arrest or MI) within 30 days after surgery, and cardiac disease, which was defined as 
a history of angina, CHF, MI, and/or percutaneous coronary intervention/stenting, was significantly predictive of cardiac 
complications (OR: 1.55, P = 0.017).4 In another study evaluating the association between pre-existing cardiovascular disease 
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Figure 8 Comparison of area under the curve of receiver operating characteristic of the nomogram and RCRI for the predictive performance. 
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and the risk of postoperative cardiovascular events among hip fracture patients aged ≥65 years, pre-existing cardiovascular 
disease, defined as having coronary heart disease, cerebrovascular event, peripheral artery disease, heart failure, arrhythmia, 
valvular heart disease, or pulmonary heart disease at admission, were identified as a strong risk factor of developing 
postoperative cardiovascular events with adjusted odds ratio (OR) of 2.850 (95% CI, 1.318–7.139). For each specific 
postoperative cardiovascular event (MI, stroke, arrhythmia, and heart failure), most patients had at least one pre-existing 
cardiovascular disease.21 Wahlsten et al retrospectively analyzed 124,660 Danish patients aged ≥60 years and undergoing first- 
time hip fracture surgery and found that a history of heart failure was the risk factor of MI occurring 90 days after surgery 
besides peripheral artery disease, hypertension, and DM.12 Consistently, we found that hip fracture patients with a history of 
cardiac disease, including heart failure, severe arrhythmia, and coronary artery disease, were more likely to experience PCEs, 
confirming the predictive role of those pre-existing cardiac diseases for PCEs in elderly hip fracture patients.

Renal dysfunction was associated with PCEs in different non-cardiac surgeries. Jiang et al found that the risk of 
postoperative cardiovascular events in hip fracture patients with chronic kidney disease (estimated glomerular filtration rate 
< 60 mL/min/1.73 m 2) was almost twice as much as in those without chronic kidney disease.32 In the study evaluating the 
risk of postoperative cardiovascular events in adult patients (≥18 years) who underwent general and vascular surgery, 
Acheampong et al identified that preoperative creatinine > 1.2 mg/dL was the significant predictor of MI or cardiac arrest 
within the 30-day postoperative period (OR: 5.1, P = 0.01).33 Several widely used risk models, such as RCRI, MICA, and 
GSCRI, were constructed incorporating creatinine, suggesting that creatinine level was an important indicator for predicting 
PCEs. In our study, we also found that increased Scr was significantly associated with an increased risk of PCEs in elderly 
hip fracture patients and confirmed the similar predictive ability of creatinine for PCEs.

The relationship between baseline PLT count and PCEs has been scarcely reported. In a retrospective cohort of 
3,884,400 adult patients who underwent elective, non-cardiac surgery, preoperative thrombocytosis was associated with 
a higher incidence of 30-day perioperative complications, including cardiac complications (cardiac arrest or MI).34 In 
another study to assess the predictive ability of preoperative laboratory values for postoperative cardiac and septic 
complications in orthopedic trauma and hip fracture patients, Lakomkin et al found that abnormal preoperative PLT 
values significantly increased the risk of cardiac arrest by 11 times in orthopedic trauma patients (OR: 11.107, P = 
0.036).35 In our study, we found that higher preoperative PLT count was associated with a higher incidence of PCEs, and 
PLT count could be a powerful predictor of PCEs in elderly hip fracture patients. Platelets are acute phase reactants, 
which can be elevated in response to acute inflammatory states, such as trauma, infection, and other pathologic 
conditions. The preoperative elevated platelet level in geriatric hip fracture patients might play a role in the aggravation 
of inflammation, atherosclerotic plaque destabilization, and platelet activation and contribute to a high risk of PCEs. 
More research is required to confirm the relationship between elevated PLT and PCEs in hip fracture patients.

The ASA classification groups patients into categories according to their overall health status and has important 
implications in predicting perioperative risk. The ability of the ASA classification to predict postoperative cardiac complica-
tions was observed in many non-cardiac surgeries. In a retrospective cohort study of 161,177 patients aged ≥ 65 years and 
undergoing elective or urgent/emergent non-cardiac surgery, Yap et al observed that a higher ASA classification grade was 
related to a higher risk of PCEs, especially among urgent/emergent patients (OR: 2.46, 95% CI: 1.54–3.92 in the ASA 
classification III; OR: 5.72, 95% CI: 3.50–9.35 in the ASA classification IV–V).36 The ASA classification also showed dose- 
response associations with postoperative cardiovascular complications, including heart failure and MI, during the hospital stay 
and 1 year after hip fracture surgery, suggesting its good predictive ability for postoperative cardiovascular complications in 
hip fracture patients.18 In a large retrospective cohort study, Woo et al developed a 9-variable predictive model for stroke, 
major cardiac complications (MI or cardiac arrest), and mortality after non-cardiac surgery, incorporating the ASA classifica-
tion in the predictive model, which demonstrated excellent predictive performance.37 Similarly, some well-established cardiac 
risk models such as MICA, ACS NSQIP surgical risk calculator, and GSCRI also incorporated this significant predictor. In our 
study, we confirmed the predictive role of the ASA classification for PCEs in elderly hip fracture patients as well. This 
consistency of predictive validity of the ASA classification, both in our study and previous research, supports its use as 
a component of risk prediction models for PCEs.

The influence of anesthetic methods on PCEs in hip fracture patients remains controversial. Most studies showed that there 
were no significant differences in postoperative adverse complications, including cardiac complications, between general and 
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regional anesthesia in hip fracture patients.38,39 However, in a NSQIP database analysis of 16,600 geriatric femoral neck 
fracture patients undergoing hip hemiarthroplasty from 2015 to 2020, Chowdary et al found that patients who received general 
anesthesia had higher rates of 30-day postoperative cardiac arrest compared to those who received spinal anesthesia (0.97% vs 
0.53%, P = 0.011).40 A retrospective study of 40,527 patients aged ≥ 50 years and undergoing hip fracture surgery 
demonstrated that general anesthesia was associated with a higher incidence of combined 30-day stroke, MI, or death 
compared with spinal anesthesia (OR 1.219, P = 0.002).41 The inconsistent findings might partly be attributable to the 
heterogeneity of participants and outcome definitions among studies. In a large Chinese single-center retrospective study, 
Zhao et al identified general anesthesia as a significant predictor and constructed a HASBLAD score for major adverse 
cardiovascular events during the perioperative period of non-cardiac surgery.31 Similarly, we found that general anesthesia 
was related to the higher incidence of PCEs in elderly hip fracture patients and could predict the risk of PCEs.

Although a number of preoperative cardiac risk assessment tools have been developed for patients undergoing non-cardiac 
surgery over the past decades, they are either simple but less accurate or effective but complex, and none of them have been 
derived or validated in elderly hip fracture patients. Our model had the advantage of being developed on recent data, specially 
for elderly hip fracture patients undergoing surgery. In our study, heart failure was the most common PCE, followed by new- 
onset severe arrhythmia (mainly atrial fibrillation) and MI, which was similar with previous studies.42,43 Therefore, we defined 
the composite outcome of MI, CHF, new-onset severe arrhythmia, cardiac arrest, and cardiac death to achieve a more 
comprehensive evaluation of PCEs in elderly hip fracture patients. We utilized LASSO regression,44 a shrinkage, and variable 
selection method appropriate for high-dimensional multicollinearity data to select the most significant predictors and reduce 
the overfitting of the model. Additionally, we developed a quantitative nomogram that allows for accurate, individualized risk 
prediction for PCEs. Our prediction model had an AUC of 0.875, demonstrating an excellent predictive ability. The nomogram 
also had good calibration, clinical utility, and satisfactory internal validity. Compared with the widely used RCRI model, the 
nomogram demonstrated superior predictive discrimination and net clinical benefit, confirming its clinical application value.

Our study had several limitations. First, it was a single-center retrospective study with a relatively small sample size 
and a lack of external validation that might have weakened its accuracy and generalizability. Second, the incidence of 
PCEs might have been underestimated due to the lack of routine postoperative surveillance with cardiac biomarkers such 
as troponin, NT-pro BNP, and electrocardiogram, especially for MI, which often occurred asymptomatically.45 

Additionally, the outcome of our study was limited to in-hospital PCEs and did not include cardiac complications 
occurring in the longer period after surgery, which could have also underestimated the risk of PCEs. Third, some 
significant variables associated with PCEs in non-cardiac surgeries, such as troponin16,17 and NT-pro BNP,14–16 func-
tional status,26 and frailty indices,19 were not included in our analysis because they were not measured for all patients in 
this study. Therefore, large multicenter prospective studies involving a larger sample of patients and a more compre-
hensive list of factors are needed to further refine and externally validate the model. Meanwhile, some patients with high- 
risk cardiac conditions that are considered contraindications to non-cardiac surgery,3 including acute coronary syndrome, 
decompensated heart failure, tachyarrhythmia or bradyarrhythmia associated with hypotension or requiring urgent 
medical attention, and symptomatic severe aortic stenosis, usually did not receive surgical treatment, which could 
have resulted in a low proportion of these cardiac diseases in this study. Hence, the actual risk of these high-risk cardiac 
conditions might have been underestimated and require additional special evaluation.

Conclusion
Cardiac risk assessment tools are useful and recommended by clinical practice guidelines for predicting perioperative 
cardiac risk. In this study, we developed an easy-to-use nomogram based on routine clinical factors to predict PCEs 
specifically for elderly hip fracture patients. Our prediction model showed remarkable predictive accuracy in this unique 
population and could provide clinicians with guidance for better perioperative intervention to reduce postoperative 
cardiac risk and improve prognosis.
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ALT, alanine transaminase; APTT, activated partial thromboplastin time; ASA, American Society of Anesthesiologists; 
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Geriatric-Sensitive Perioperative Cardiac Risk Index; LASSO, Least Absolute Shrinkage and Selection Operator; MI, 
myocardial infarction; MICA, Gupta myocardial infarction or cardiac arrest risk index; NSQIP, National Surgical Quality 
Improvement Program; NT-proBNP, N-terminal pro-B type natriuretic peptide; OR, odds ratio; PCE, postoperative 
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