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Abstract 

Aim  This study aims to explore the risk factors for perioperative acute heart failure in older patients with hip fracture 
and establish a nomogram prediction model.

Methods  The present study was a retrospective study. From January 2020 to December 2021, patients who under-
went surgical treatment for hip fracture at the Third Hospital of Hebei Medical University were included. Heart failure 
was confirmed by discharge diagnosis or medical records. The samples were randomly divided into modeling and 
validation cohorts in a ratio of 7:3. Relevant demographic and clinic data of patients were collected. IBM SPSS Statistics 
26.0 performed univariate and multivariate logistic regression analysis, to obtain the risk factors of acute heart failure. 
The R software was used to construct the nomogram prediction model.

Results  A total of 751 older patients with hip fracture were enrolled in this study, of which 138 patients (18.37%, 
138/751) developed acute heart failure. Heart failure was confirmed by discharge diagnosis or medical records. Res-
piratory disease (odd ratio 7.68; 95% confidence interval 3.82–15.43; value of P 0.001), history of heart disease (chronic 
heart failure excluded) (odd ratio 2.21, 95% confidence interval 1.18–4.12; value of P 0.010), ASA ≥ 3 (odd ratio 14.46, 
95% confidence interval 7.78–26.87; value of P 0.001), and preoperative waiting time ≤ 2 days (odd ratio 3.32, 95% 
confidence interval 1.33–8.30; value of P 0.010) were independent risk factors of perioperative acute heart failure in 
older patients with hip fracture. The area under the curve (AUC) of the prediction model based on these factors was 
calculated to be 0.877 (95% confidence interval 0.836–0.918). The sensitivity and specificity were 82.8% and 80.9%, 
respectively, and the fitting degree of the model was good. In the internal validation group, the AUC was 0.910, and 
the 95% confidence interval was 0.869–0.950.

Conclusions  Several risk factors are identified for acute heart failure in older patients, based on which pragmatic 
nomogram prediction model is developed, facilitating detection of patients at risk early.
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Introduction
Heart failure (HF) is a common perioperative complica-
tion in older people with hip fracture, and it is also the 
second leading cause of in-hospital death, with an inci-
dence ranging from 5.5 to 21.3% [1, 2]. The number of 
operations for hip fracture patients has increased con-
sistently worldwide during the past decades [3–6]. The 
harmful effects of perioperative heart failure make it an 
important problem in the healthcare system. Previous 
studies showed that perioperative acute heart failure 
(AHF) substantially increased mortality within 30  days 
after surgery to 65%, prolonged the average length of stay 
of patients by 4 days, and increased the average hospitali-
zation cost by about 5500 euros [7–10].

At present, many scholars pay more attention to AHF, 
which has lead to a significantly improved understand-
ing of its etiology. Cardiac history, age, anemia, and 
ASA score have been shown to be risk factors for AHF 
[11–15]. However, these studies only obtained single and 
scattered risk factors for HF, which were unable to be 
translated into risk scales or prediction models. The New 
York Heart Association cardiac function rating scale and 
Goldman’s cardiac risk index (GCRI) were commonly 
used cardiac function assessment scales, but were not 
perfect. The first is a simple way to give scores accord-
ing to patient complaints, which thus is easily affected 
by patients’ subjective feelings and clinicians’ subjec-
tive judgment, so it is somewhat biased when grading 
patients with mild heart failure [16, 17]. GCRI can evalu-
ate the risk of perioperative cardiac complications, but 
it lacks model validation [18, 19]. The prediction model 
can integrate and quantify various risk factors, which can 
help medical personnel to individualize stratification and 
risk. Furthermore, although these two models have some 
practicability, none of them was specifically designed 
specifically for the assessment of older patients with hip 
fracture.

Given the high incidence of AHF in older patients 
with hip fractures, it has become increasingly necessary 
to establish a prediction model for AHF. Therefore, we 
designed this study to explore the risk factors for periop-
erative AHF in old patients with hip fracture and to build 
a nomogram model.

Methods
Study design and study population
In this study, data of older patients who underwent 
hip fracture surgery at our hospital from January 2020 
to December 2021 were retrospectively collected. All 
included patients were 60  years or older and received 
surgical treatment for hip fractures. Exclusion crite-
ria were: (1) patients with chronic heart failure; (2) 
missing data; (3) old fracture (21  days after injury); (4) 

multiple fractures; (5) pathological fractures. This study 
followed the Declaration of Helsinki and the protocol was 
approved by the Ethics Committee of the Third Hospital 
of Hebei Medical University with approval number 2022-
014-1. This study is a retrospective study, so informed 
consent of patients was obtained by phone. Orthopedics, 
internal medicine physicians, and geriatric specialists 
jointly treat patients. By combining the patient’s condi-
tion and examination results, the group discussed and 
decided on the infusion plan and treatment plan during 
the perioperative period.

Definition of heart failure
In this retrospective study, the investigators reviewed the 
medical records to determine whether patients had peri-
operative AHF. The diagnostic criteria for AHF refer to 
the 2021 European Society of Cardiology guidelines for 
the diagnosis and treatment of acute and chronic heart 
failure [20]. The diagnosis of AHF was based on clinical 
symptoms (dyspnea, lung rales, lower limb edema, and 
rapid heart rate), laboratory examinations, and imaging 
examinations. At the same time, B-type natriuretic pep-
tide (BNP) and cardiac troponin I (cTn I) should be con-
sidered together.

Research methods
Two researchers collected 34 variables from demo-
graphic variables, operation-related variables, and labo-
ratory parameters. Demographic variables included 
the gender of the patients, age, body mass index (BMI), 
fracture site (intertrochanteric fracture or femoral neck 
fracture), injury mechanism (low-energy or high-energy), 
the time from injury to admission, number of complica-
tions, comorbidities (anemia, hypertension, diabetes, 
cerebrovascular disease, etc.). Operation-related vari-
ables included the American Society of Anesthesiologists 
(ASA) classification, anaesthesia type, operation time, 
etc. Laboratory parameters included hemoglobin (HB), 
serum potassium concentrations, BNP, cTn I, etc. BMI 
was calculated by dividing the weight by height squared. 
According to the patient’s physical condition and the risk 
of surgery, the ASA classification divides patients into 
grades 1–5 (grade I: patients could tolerate the procedure 
well; grade II: patients had the mild systemic disease but 
no dysfunction; grade III: The patient had the severe sys-
temic disease and certain dysfunction; grade IV: patients 
had the severe systemic disease and high anesthesia risk; 
grade V: dying patients).

To guarantee the homogeneity of the research 
objects, the researchers strictly implemented the 
inclusion and exclusion criteria. After two researchers 
inputted data, all data were cross-checked by a con-
sultant researcher, also a researcher of this study. For 
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suspicious or inconsistent data, the researchers cor-
rected it by again referring to the medical records.

Statistical analysis
In this study, IBM SPSS statistics 26.0 software was 
used for statistical analysis. Continuous variables were 
described as means ± standard deviation ( X  ± SD), 
and categorical variables were displayed as rates or 
percentages. Two independent sample t-tests or the 
Mann–Whitney U test was used to compare differ-
ences between groups for continuous variables, while 
the Chi-square test or Fisher exact test was performed 
for categorical variables.

The significance threshold was established at 
P < 0.05. Variables with a value of P < 0.05 in the uni-
variate analysis were candidate variables in the multi-
variate models. Univariate and multivariate analyzes 
were conducted to determine the independent risk 
factors. The prediction efficiency of the model was 
analyzed using the receiver operating characteristic 
(ROC) curve. The Hosmer–Lemeshow test was used to 
evaluate the goodness-of-fit of the prediction model, 
and P > 0.05 indicated an accepted fitness. We vali-
dated the model using an internal data set. The predic-
tors that were significantly associated with AHF were 
entered into the R software for the construction of the 
nomogram.

Result
Baseline characteristics
As shown in Fig. 1, a total of 751 patients were included 
in this study, of which 520 were included in the mode-
ling group using a simple random sampling method in a 
proportion of 7:3. Among the modeling group, 90 were 
patients with AHF and 430 were non-AHF patients. 
There were 138 patients (18.37%, 138/751) who devel-
oped AHF, with 3.86% for preoperative AHF and 14.51% 
for postoperative AHF. As shown in Tables  1 and 2, we 
can see that age, age-adjusted Charlson comorbidity 
index (ACCI), fracture type, preoperative waiting time, 
respiratory disease, acute kidney injury, history of heart 
disease (chronic heart failure excluded), anemia at admis-
sion, ASA ≥ 3, left ventricular ejection fraction (LVEF), 
BNP value at admission, Hb value at admission, blood 
transfusion before the operation, and serum potassium 
value at admission were statistically significant factors 
(P < 0.05). Given that intraoperative variables were not 
statistically significant in the univariate analysis (P > 0.05), 
their impact on the logistic multivariate regression analy-
sis and the construction of the prediction model can be 
overlooked. Therefore, we did not further stratify our 
analysis by the occurrence time of heart failure and clas-
sified perioperative AHF into preoperative AHF and 
postoperative AHF. The result of multivariate analysis 
showed respiratory diseases (OR 7.68, P = 0.001), history 
of heart disease (chronic heart failure excluded) (OR 2.21, 
P = 0.010), preoperative waiting time ≤ 2  days (OR 3.32, 
P = 0.010), and ASA class ≥ 3 (OR 14.46, P = 0.001) were 

Fig. 1  The flowchart showing the selection of research participants
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independent risk factors (Table  3). The ROC analysis 
showed that the AUC of age, Hb value at admission, BNP 
value at admission, LVEF, and ACCI were 0.595, 0.420, 
0.621, 0.519, and 0.619. respectively. The cut-off values 
were 76.0 years old, 75.25 g/L, 32.50 pg/NL, 73.50%, and 
4.50, respectively (Table 4).

Prediction model construction
Based on the above results of multivariate logistic analysis, 
we built a prediction model, Z =  − 5.964 + 2.039 × (Res-
piratory disease) + 0.792 × (history of heart dis-
ease (chronic heart failure excluded)) + 2.671 × (ASA 
class ≥ 3) + 1.200 × (Preoperative waiting time ≤ 2 days).

Figure 2 shows a nomogram of the risk of perioperative 
AHF in older hip fracture patients. According to the clas-
sification of variables in the nomogram, the scores cor-
responding to each index can be obtained and the total 

score can be calculated by adding the scores. The predic-
tion probability corresponding to the total score is the 
probability of perioperative AHF. Figures 3 and 4 repre-
sent the receiver operating characteristic (ROC) curve of 
the prediction model in the modeling group and valida-
tion group, respectively.

Validation of the prediction model
A total of 231 older hip fracture patients who met the 
inclusion and exclusion criteria were used as the exter-
nal validation group. The efficacy of model validation 
was verified through the external data set. As shown in 
Table 5, there was no significant difference between the 
modeling group and the validation group in the com-
parison of the baseline data (P > 0.05). To some certain 

Table 1  The characteristics of modeling group at admission

BMI body mass index, ACCI age-adjusted Charlson comorbidity index, HB hemoglobin

Values are mean ± standard deviation or number (percentage) as appropriate. P < 0.05, statistical significance. In this study, anemia was defined as hemoglobin 
level < 120 g/L for males and < 110 g/L for females; Hypoproteinemia refers to serum albumin less than 35 g/L

Variables Heart failure group Nonheart failure group P

Age (years) 80.9 ± 6.9 78.5 ± 7.6 0.005

BMI (kg/m2) 23.3 ± 4.1 23.9 ± 3.9 0.174

ACCI 5.1 ± 1.2 4.5 ± 1.3 0.001

Gender, n (%) 0.887

Male 23 (25.6) 113 (26.3)

Female 67 (74.4) 317 (73.7)

Fracture site, n (%) 0.031

Intertrochanteric fracture 55 (61.1) 209 (48.6)

Femoral neck fracture 35 (38.9) 221 (51.4)

Injury mechanism, n (%)

Low energy damage 86 (95.6) 415 (96.5) 0.896

High energy damage 4 (4.4) 15 (3.5)

The time from injury to admission, n (%) 0.796

 ≤ 1 day 65 (72.2) 298 (73.3)

1 day–7 days 20 (22.2) 88 (19.8)

 > 7 days 5 (5.6) 37 (7.0)

Number of complications ≥ 3, n (%) 46 (51.1) 172 (40.0) 0.052

Anemia, n (%) 45 (50.0) 151 (35.1) 0.008

Hypertension, n (%) 44 (48.9) 235 (54.7) 0.319

Diabetes, n (%) 31 (34.4) 116 (27.0) 0.153

History of heart disease (chronic heart failure excluded), n 
(%)

38 (42.2) 116 (27.0) 0.004

Cerebrovascular disease, n (%) 44 (48.9) 196 (45.6) 0.567

Respiratory disease, n (%) 40 (44.4) 50 (11.6) 0.001

Acute kidney injury, n (%) 5 (5.6) 5 (1.2) 0.019

Valvular heart disease, n (%) 2 (2.2) 26 (6.0) 0.140

Pericardial effusion, n (%) 4 (4.4) 19 (4.4) 0.991

Pulmonary hypertension, n (%) 8 (8.9) 35 (8.1) 0.814

Cognitive impairment, n (%) 4 (4.4) 6 (1.4) 0.055
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extent, it ensures the homogeneity of the two groups in 
the selection of research objects and the reliability of 
the study.

Discussion
AHF is a common and serious complication in older 
patients with hip fractures. In this study, we found that 

Table 2  Perioperative parameters of patients

ASA American Society of Anesthesiologists classification, CK creatine kinase, BNP B-type natriuretic peptide, cTn I Cardiac troponin I

Values are mean ± standard deviation or number (percentage) as appropriate. P < 0.05, statistical significance

Variables Heart failure group Non-heart failure group P

Preoperative waiting time, n (%) 0.028

 ≤ 2 day 14 (15.6) 30 (7.0)

 > 2 day 74 (84.4) 400 (93.0)

ASA class ≥ 3, n (%) 66 (77.3) 67 (15.6) 0.001

Anesthesia pattern, n (%) 0.755

General anesthesia 53 (58.9) 267 (62.1)

Local anesthesia 27 (30.0) 125 (29.1)

Compound anesthesia 10 (11.1) 38 (8.8)

Operation time ≥ 2 h, n (%) 21 (23.3) 119 (27.7) 0.398

HB at admission 110.1 ± 15.9 114.4 ± 16.6 0.023

Albumin at admission 35.8 ± 3.7 35.51 ± 5.0 0.219

CK at admission 163.2 ± 250.7 139.2 ± 152.7 0.209

BNP at admission 83.1 ± 60.9 72.3 ± 79.0 0.001

cTn I at admission 0.05 ± 0.01 0.05 ± 0.03 0.105

Serum potassium at admission 3.9 ± 0.5 3.9 ± 1.7 0.035

Serum sodium at admission 137.7 ± 4.3 137.9 ± 3.2 0.619

Creatinine value at admission 69.6 ± 22.1 72.05 ± 41.1 0.446

Left ventricular ejection fraction 62.1 ± 5.9 63.39 ± 5.1 0.031

Blood transfusion before operation, n (%) 36 (40.0) 115 (26.7) 0.012

Intraoperative blood transfusion, n (%) 19 (21.1) 70 (16.3) 0.268

Table 3  Independent predictors of perioperative acute heart failure in the multivariate analysis

95% CI 95% confidence interval, OR odds ratio, ASA American Society of Anesthesiologists classification

Variables Regression 
coefficient

Standard error Wald χ2 value OR (95%CI) P

Respiratory diseases 2.039 0.356 32.788 7.68 (3.82, 15.43) 0.001

History of heart disease (chronic heart 
failure excluded)

0.792 0.318 6.191 2.21 (1.18, 4.12) 0.010

ASA class ≥ 3 2.671 0.316 71.337 14.46 (7.78, 26.87) 0.001

Preoperative waiting time ≤ 2 day 1.200 0.467 6.599 3.32 (1.33, 8.30) 0.010

Table 4  ROC curve analysis results of statistically significant continuous variables

HB hemoglobin, BNP B-type natriuretic peptide, LVEF left ventricular ejection fraction, ACCI age-adjusted Charlson comorbidity index, AUC​ the area under the curve, 
95% CI 95% confidence interval

Variables AUC (95% CI) Cutoff value Youden index Standard error Sensitivity Specificity P

Age (years) 0.595 (0.534, 0.656) 76.0 0.170 0.031 76.70 40.30 0.005

HB at admission 0.420 (0.357, 0.483) 75.25 g/L 0.012 0.032 98.90 2.30 0.017

BNP at admission 0.621 (0.564, 0.677) 32.5 pg/nl 0.256 0.029 87.80 37.80 0.001

LVEF 0.427 (0.360, 0.494) 73.5% 0.028 0.034 4.4 98.4 0.029

ACCI 0.619 (0.558, 0.680) 4.500 0.188 0.031 67.80 51.00 0.001
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the prevalence of AHF was 18.37%. The results dem-
onstrate that respiratory disease, history of heart dis-
ease (chronic heart failure excluded), ASA ≥ 3, and 

preoperative waiting time ≤ 2  days were independent 
risk factors for perioperative AHF in older hip fracture 
patients.

Fig. 2  The nomogram of the risk of perioperative acute heart failure in older hip fracture patients. In this study, heart disease refer to history of 
heart disease (chronic heart failure excluded)

Fig. 3  Receiver operating characteristic curve of the modeling group Fig. 4  Receiver operating characteristic curve of the validation group
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The AUC of the risk prediction model constructed 
was 0.877 in the modeling group and 0.910 in the vali-
dation group. It can be seen that the prediction model 
is highly accurate in identifying the occurrence of 
perioperative AHF. Regarding the Hosmer–Lemeshow 
test, the P values were all greater than 0.05, indicating 
that the degree of calibration of the prediction model is 
good. The nomograph drawn based on the model visu-
alizes the risk and makes the model more scientific and 
practical.

The worse the patient’s health condition before injury, 
the more likely they will have perioperative AHF, espe-
cially the patients with respiratory diseases and cardiac 
history. Paul found that the chance of heart failure in 
patients with chronic obstructive pulmonary dis-
ease (COPD) is 2.17 times high than in those without 
COPD, which is close to 1.9 times that of Truls et  al. 
[21, 22]. Patients with COPD often have decreased lung 
function and increased lung volume, which may lead to 
myocardial injury and left ventricular diastolic dysfunc-
tion, inducing the occurrence of AHF [23, 24]. In this 
study, patients with a history of heart disease (chronic 
heart failure excluded) have a 2.21-fold increased risk 
of AHF, compared to patients without heart disease 
before injury. Currently, the contribution of heart dis-
ease to the AHF is explained by volume overload. Car-
diovascular disease can lead to the weakening of cardiac 
pumping functions and fibrosis of the myocardial struc-
ture, increasing the risk of AHF [25]. For patients with 
cardiopulmonary insufficiency, airway management, 
and volume management should be strengthened to 
stabilize the internal environment. In our institution, 
we encourage patients to maintain the patency of the 
airway through effective coughing and deep breathing, 

and on the other hand, clinicians should adjust the 
rehydration plan timely to keep the circulation volume 
consistent with cardiovascular function.

In this study, we found that ASA ≥ 3 was the strong-
est predictor of perioperative AHF in older hip fracture 
patients, with an OR of 14.46 as compared with those 
with lower ASA class. ASA grading standard is a scor-
ing system that can be used to assess patients’ opera-
tive risk of patients and guide resource allocations [26, 
27]. In addition, a higher ASA class was demonstrated 
to be associated with a higher probability of pulmonary 
embolism, myocardial infarction, and heart failure, and a 
poorer health condition and operative tolerance [13, 28]. 
Given that, orthopedic surgeons and anesthesiologists 
should jointly conduct preoperative visits and anesthesia 
risk assessments for patients with high ASA scores.

The optimal timing of surgery for older patients with 
hip fracture has still been controversial. Relevant guide-
lines from abroad recommend that patients with hip frac-
tures should receive early aggressive surgical treatment 
within 48 or even 24  h after injury [29, 30]. However, 
some researchers found that early surgical intervention 
in medically unstable patients can increase the risk of 
mortality [31], which could partially explain the finding 
of this study that patients with early surgical treatment 
(< 48  h) have a relative risk of AHF of 3.32, compared 
with those with ≥ 48  h of preoperative wait. Addition-
ally, the quality of preoperative preparation may affect 
the prognosis of the patients. The older adults usually 
have multiple comorbidities, thus requiring more time to 
optimize clinical conditions to better tolerate the upcom-
ing operation. However, scholars have inconsistent views 
on whether the delay of surgery will increase the risk of 
complications [32–34], with different or specific medi-
cal environments that could result in variable therapeu-
tic effects of early surgery. On the other hand, affected by 
the allocation of medical resources, it is difficult for most 
hospitals to perform surgery within 48  h after injury in 
China. Therefore, how to choose the operation time, 
especially optimal timing for patients with great clini-
cal benefit, remains a concern. More attention should be 
paid to the preoperative optimization of medical condi-
tions, not only limited by the specific time of early sur-
gery. Especially, for hip fracture patients who have heart 
disease or respiratory disease and are in poor general 
condition, it is better to prepare the condition for surgery 
rather than perform surgery while the general condition 
is unstable.

Nomograms integrate multiple independent risk fac-
tors identified via the multivariate regression analysis, 
and assign a value according to the contribution of each 
risk factor to the outcome variable, proving an excellent 
results visualization tool. In this study, the prediction 

Table 5  Comparison of baseline data between modeling group 
and validation group

Values are mean ± standard deviation or number (percentage) as appropriate. 
P < 0.05, statistical significance

Variables Modeling 
group 
(n = 520)

Validation 
group 
(n = 231)

P

Age (years) 78.9 ± 7.6 79.3 ± 7.7 0.559

Gender, n (%) 0.844

Male 136 (26.2) 62 (26.8)

Female 384 (73.8) 191 (73.2)

Fracture site, n (%) 0.240

Intertrochanteric fracture 264 (50.8) 128 (55.4)

Femoral neck fracture 256 (49.2) 103 (44.6)

Number of complications ≥ 3, n (%) 0.218

Yes 218 (41.9) 108 (46.8)

No 302 (58.1) 123 (53.2)
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model includes four easily available risk factors. Clini-
cians only need to draw vertical lines according to a spe-
cific proportion to obtain the prediction probability of 
each variable and calculate the sum to obtain the final 
probability of risk. This model helps doctors monitor 
the risk of AHF regularly and guide medical personnel 
in correcting potential changeable risk factors, thereby 
facilitating the reduction of perioperative AHF.

The merits of this study were the establishment of a 
nomogram for visualized assessment of risk factors for 
perioperative AHF in older hip fracture patients. How-
ever, several limitations should be mentioned. First, 
there was a bias in the selection of subjects, because this 
study was a single-center retrospective study. Therefore, 
the results may have been affected by the inaccuracy of 
the collected data and the absence of external valida-
tion, requiring prospective multicenter studies to verify. 
Second, although a multivariate regression model was 
used to minimize confounders, there are still unknown 
or unmeasured confounders, such as the periopera-
tive fluid balance condition, the perioperative defeca-
tion condition, etc. Third, the study sample was limited, 
thus having less power to detect the significance of some 
infrequent variables, such as renal failure, which was 
more likely associated with electrolyte disturbance and 
caused adverse cardiac events [35, 36]. Fourth, the rela-
tionship between the identified factors and the incidence 
of AHF was associative rather than causal, thus, it should 
be carefully interpreted. However, the causal relationship 
between preoperative preparation time and preoperative 
heart failure cannot be determined, which needs to be 
explored by further research.

Conclusion
In summary, we observed that the overall incidence of 
perioperative AHF in older patients undergoing hip 
fracture surgery was 18.37%. Preoperative respiratory 
disease, history of heart disease (chronic heart failure 
excluded), preoperative preparation time ≤ 2  days, and 
ASA class ≥ 3 were the independent risk factors for perio-
perative AHF, and further forming the readable nomo-
gram to facilitate its use in practice and, subsequently, 
the potential reduction of AHF. Future studies with pro-
spective and multicenter designs are warranted to verify 
our findings.
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