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Background: This study explored the risk factors for all-cause mortality 90 days after surgery in elderly
patients with intertrochanteric fractures and a history of cardiovascular disease.

Methods: We retrospectively analyzed the clinical data of 166 elderly patients with intertrochanteric
fractures who were admitted to the Department of Orthopedics of Sichuan Provincial People’s Hospital
(Eastern Hospital) between January 1, 2010 and December 31, 2014. Kaplan-Meier survival curve analysis
and the logrank test were used to compare all-cause mortality in the 90-day postoperative period for elderly
patients with intertrochanteric fractures and a history of cardiovascular disease. In addition, we used the Cox
proportional hazards model to explore related risk factors and their relative hazard rate (HR).

Results: A multivariate Cox regression model was established for elderly patients with intertrochanteric
fractures and a history of cardiovascular disease and all-cause mortality within 90 days after surgery. The risk
factors suggested by the model were length of hospital stay (HR =1.07, Z=4.26, P<0.001), N-terminal pro
brain natriuretic peptide (NT-proBNP) (HR =1.01, Z=4.61, P<0.001), and high-density lipoprotein (HDL)
(HR =0.41, Z=2.05, P=0.042). The area under the working curve (AUC) of the Cox regression model was
0.91. The Kaplan-Meier survival curves grouped by length of stay, NT-proBNP, and HDL risk factors were
significantly different (P<0.05).

Conclusions: As the length of hospital stay increased, abnormally elevated N'T-proBNP significantly
increased all-cause mortality within 90 days after surgery, while elevated HDL significantly reduced patient
mortality. The results of our study suggested that the combination of these 3 indicators could be used as a
sensitive predictor for prognosis in elderly patients with intertrochanteric fracture surgery and a history of

cardiovascular disease.
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Introduction

Hip fracture is a common type of fracture in the elderly,
particularly elderly women. It is estimated that the absolute
number of hip fractures in the world will reach 4.5 million
by 2050 (1), with intertrochanteric fractures accounting
for 44.1% of them (2). Among the different types of
fracture, intertrochanteric fractures in elderly patients have
the highest probability of internal fixation surgery. With
the aging of our country’s population, the incidence of
intertrochanteric fracture in elderly patients is increasing
every year (3,4), which is seriously affecting the quality of
life for the elderly in their later years.

The postoperative complication and mortality rates in
elderly patients with intertrochanteric fractures are much
higher than other fracture internal fixation operations. It
has been reported that the mortality rate after fracture is as
high as 16.3% (5), which poses a huge challenge to existing
medical treatment. Common death-related risk factors such
as age, gender, malnutrition, activities of daily living (ADL)
scores, and comorbidities before injury affect the mortality
rate after fracture (6-8). In addition, some laboratory test
indicators have also been proposed as important risk factors
for post-fracture death (9,10). Among them, patients with a
history of cardiovascular disease (CVD) are at greater risk
of postoperative death (6,8,11). Cardiovascular emergencies
such as myocardial infarction, pulmonary embolism,
or cerebral infarction in patients with intertrochanteric
fractures during the perioperative period are common
serious complications and direct causes of death (11,12).

At present, research on risk factors related to death
in elderly patients with intertrochanteric fractures in
the presence of previous CVD is not sufficient, and the
clinical evaluation model of related risk factors has not
been confirmed (6,8). Therefore, this study established a
90-day postoperative all-cause mortality risk prediction
model for elderly patients with intertrochanteric fractures
and previous CVD based on clinical data and explored the
clinical application value of related risk factors in predicting
the postoperative mortality risk of patients.

We present the following article in accordance with
the STARD reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-3625/rc).

Methods
Data

This study reviewed a total of 166 elderly patients with
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intertrochanteric fractures and previous CVD admitted
between January 1, 2010 and December 31, 2014. The
study included 42 males (25.3%) and 124 females (74.7%),
and the average age was 82.9+11.7 years old. All patients
had a history of cardiovascular disease and were treated
with proximal femoral nail antirotation (PFINA) internal
fixation. Of the 166 patients involved in the study, 16 (9.6%)
died within 90 days after follow-up. Analysis of the related
risk factors for death within 90 days after surgery was
conducted. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
reviewed and approved by the Ethics Committee of Sichuan
Provincial People’s Hospital [ethical approval number: Lun
Shen (Research) No. 25 of 2020] and informed consent was
taken from all the patients.

Definition of previous bistory of cardiovascular disease

Patients with intertrochanteric fractures and a history of
heart failure (ICD-10: I50), ischemic heart disease (ICD-
10: 120-25), or ischemia stroke (ICD-10: 163-64) diagnosed
within 5 years before the fracture were included in the
study. Preoperative examination revealed calcified plaques
in the coronary artery, aorta, or internal carotid artery.

Case inclusion criteria

The inclusion criteria were as follows: elderly patients (aged
>70 years), intertrochanteric fractures, previous history
of cardiovascular disease, clear indications for surgery,
no contraindications to PFNA surgery, signed informed
consent, and surgical treatment.

Case exclusion criteria

The exclusion criteria included: severe metabolic bone
disease, malignant tumor, end-stage disease due to other
conditions, voluntary discharge without medical advice,
and patients admitted to hospital more than 24 hours after

injury.

Statistical methods

Descriptive statistical analyses using standard reporting
methods were employed. We used the Shapiro-Wilk
normality test for measurement data: for normally
distributed data, the mean * standard deviation and Student’s
t-test were used, and the median (interquartile range) and
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Variable 90-day survival group (n=150) 90-day death group (n=16) Statistic P value
Gender, n (%) 0.40° 0.526
Male 39 (26.0) 3(18.8)
Female 111 (74.0) 13 (81.3)
Age, years 82.5+12.1 86.9+6.1 2.40° 0.023
Body mass index (kg/m?) 23.0 (20.0-26.0) 21.5 (20.5-25.0) 1335° 0.461
ASA class, n (%) 8.36" 0.003
-1 95 (63.3) 5(31.2)
-1V 45 (36.7) 11 (68.8)
Duration of hospitalization, days 12.0 (9.0-15.0) 16.0 (9.0-34.0) 1006.5° 0.294
NT-proBNP (pmol/L) 134.7 (88.5-230.0) 636.0 (211.7-706.8) 441.5° <0.001
Total cholesterol (mmol/L) 4.26+1.43 3.95+0.92 1.18° 0.253
Triglycerides (mmol/L) 0.94+0.55 0.89+0.25 0.56° 0.582
High-density lipoprotein (mmol/L) 1.61+0.70 1.23+0.68 2.71° 0.011
Low-density lipoprotein (mmol/L) 2.35+1.27 2.73+0.85 1.62° 0.118
Hemoglobin (g/dL) 7.73+1.41 7.30+2.34 0.73° 0.479

2 the o’ statistic; °, the Student’s t-test; °, the Wilcoxon W statistic.

the Wilcoxon rank sum test were used for nonnormally
distributed data. In addition, we used the ’ test for count
data, unless the count data had only 2 categories and there
was a classification frequency <5 or total sample size <40,
in which case the Fisher’s exact test was used. Kaplan-
Meier survival curves were plotted and the logrank test was
employed to statistically test the survival curves. Stepwise
multivariate Cox risk proportional regression model was
used to analyze the risk factors and report the hazard rate
(HR) of the risk factors. The significance level was set to
a=0.05, and all statistical analyses were completed in R-3.5.1
software.

Results
Baseline analysis

We used the 90-day follow-up baseline data of elderly
patients with intertrochanteric fractures and a history
of cardiovascular disease to establish a 90-day survival
group and a 90-day death group according to whether
mortality occurred during the follow-up period. Analysis
of the risk factors of the 2 groups showed that patient age
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was higher in the death group than in the survival group
(P=0.023). The American Society of Anesthesiologists
(ASA) classification of the 2 groups of patients was different
(P=0.003). In addition, the concentration of N-terminal pro
brain natriuretic peptide (N'T-proBNP) in the patients who
had died was significantly higher than that in the surviving
patients (P<0.001), while concentration of high-density
lipoprotein (HDL) was significantly lower than that of
surviving patients (P=0.011, Zable I).

Multiple regression analysis

A multivariate Cox proportional regression model was used
to establish a 90-day all-cause mortality risk model. The
stepwise method was used to adjust the Cox model based
on the Akaike information criterion (AIC), and a stable
risk model was finally obtained (7able 2). The risk model
showed that length of hospital stay and NT-proBNP were
significant risk factors, while HDL was a protective factor.
The receiver operating characteristic (ROC) curve of the
Cox regression model is shown in Figure 1 and the area
under the curve (AUC) =0.91.
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Table 2 Results of multivariate Cox regression using the stepwise

method

Variable HR (95% Cl) Statistics P value
Hospital stay 1.07 (1.04-1.11) 4.26 <0.001
NT-proBNP 1.01 (1.01-1.02) 4.61 <0.001
High-density lipoprotein 0.41 (0.18-0.96) 2.05 0.042
Low-density lipoprotein  1.03 (0.99-1.74) 2.26 0.060
HR, hazard ratio; 95% ClI, 95% confidence interval.
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Figure 1 ROC curve of multivariate Cox regression model.
The x-axis of ROC represents specificity and the y-axis of ROC
represents sensitivity. AUC =0.91 with 95% CI of 0.82-0.98. ROC,

receiver operating characteristic; AUC, the area under the curve.

Kaplan-Meier survival analysis

The results of Kaplan-Meier survival curve analysis for
each independent risk factor were separated into quartiles
and then used to divide the follow-up cohort into 3
groups. Differences among the survival curves and the 3
groups were observed. As shown in Figure 2, a significant
difference was shown by the logrank test of the survival
curves grouped according to hospital stay length (<9 days,
9-15 days, and >15 days; P=0.006). Significant differences
were also found for the N'T-proBNP groups (<99 pmol/L,
99-207 pmol/L, and >207 pmol/L; P<0.001) and the
HDL groups (<1.11 mmol/L, 1.11-2.05 mmol/L, and
>2.05 mmol/L; P=0.042).
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Discussion

Intertrochanteric fractures of the femur, also known as
femoral intertrochanteric fractures, occur below the femoral
neck (from the intertrochanteric line to the beginning of the
femoral medullary cavity below the lesser trochanter) (13)
and often befall the elderly due to osteoporosis. The
mortality for elderly patients with intertrochanteric fractures
within 12 months of injury is as high as 12-37% (14).
Surgery is the mainstream treatment for intertrochanteric
fracture. There are four common surgical methods,
including proximal femoral intramedullary nail internal
fixation, proximal femoral bone plate internal fixation,
external fixation stent fixation, artificial joint replacement.
Proximal femoral intramedullary nail fixation has the
advantages of short operation time, small surgical trauma,
small intraoperative blood loss, short force arm and well
biomechanical conditions, which is beneficial to early
postoperative weight-bearing and accelerate functional
recovery. It is more suitable for elderly patients with
intertrochanteric fracture complicated with cardiovascular
disease. Proximal lateral femoral plate internal fixation is
the most commonly used surgical method in the past, which
has the advantages of lower surgical difficulty and fewer
intraoperative radiographic projection times. However, the
surgical trauma is large, and the long force arm of lateral
internal fixation is only suitable for patients with Evans I
and II fracture type. Elderly patients with intertrochanteric
fractures are mostly osteoporotic fractures and most of them
are comminted unstable fractures, so intramedullary fixation
with biomechanical advantages is more suitable. External
fixation stent fixation operation has little trauma, simple
anesthesia, good tolerance and less blood loss. However,
limited by postoperative needle infection and low fracture
fixation strength, it increases the risk of postoperative
implant failure, fracture non-union and fracture reduction
loss, and also increases the difficulty of postoperative
nursing. It is usually used for patients who cannot tolerate
surgery and anesthesia and cannot accept blood transfusion.
Joint replacement is rarely used for intertrochanteric
fractures. Its surgical trauma and intraoperative blood loss
are mainly used for previous serious hip joint diseases with
joint replacement indications, or as a remedy for internal
fixation failure. In conclusion, for elderly patients with
intertrochanteric fractures with a history of cardiovascular
disease, internal fixation with proximal femoral
intramedullary nail is adopted. It has the advantages of small
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Figure 2 Kaplan-Meier survival curves. Kaplan-Meier survival curve analysis evaluated the prognosis of each independent risk factor
categorized by quartile, which was calculated from the Cox regression model. (A) The survival curve of the cohort divided into 3 groups
according to the length of hospital stay; (B) the survival curve for NT-proBNP, which divides the cohort into 3 groups according to quartile;
(C) the survival curve of HDL dividing the cohort into 3 groups according to quartile; (D) the survival curve of LDL dividing the cohort
into 3 groups according to quartile. The logrank test was used to determine significance of the survival curves (A-D), and the number at risk
below the curve represents the total number of people exposed at different follow-up time intervals. (A) Shows the 90-day prognosis for the
3 hospital stay length categories (P=0.006). (B) Shows the 90-day prognosis for the 3 N'T-proBNP categories (P<0.001). (C) Shows the 90-
day prognosis for the 3 HDL categories (P=0.042). (D) Shows the 90-day prognosis for the 3 LDL categories (P=0.382). LDL, low-density

lipoprotein.

surgical trauma, short operation time, supporting early a significantly higher mortality rate within 90 days after
postoperative ambulation with weight bearing, shortening surgery (P=0.006, Figure 2A), suggesting that the longer the
bed time, accelerating functional recovery, and effectively hospital stay, the worse the prognosis. This may be related
reducing the incidence of postoperative complications, to complications such as venous thrombus embolism,
which is conducive to improving the function of elderly pulmonary infection, cerebral ischemic stroke, myocardial
patients and reducing mortality. infarction and pulmonary embolism caused by long-term

Previous studies have confirmed that the severity of bed rest during hospitalization. The longer the hospital stay,
anemia, intraoperative and postoperative blood loss, the higher the probability of these complications, which
operation time, bed time after injury, and nursing status directly affect the patient’s prognosis. Roche ez 4/. (15) found
were related to increased mortality (14). This study found that pulmonary infection and heart failure were the most
that patients with a hospital stay longer than 15 days had common complications leading to increased postoperative
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mortality. Our study found that the risk of death increased
1.07 times for every additional day of hospitalization,
which was consistent with the results of a study by Pareja
Sierra et al. (16): the longer the postoperative hospital stay,
the greater the risk of infection and heart failure, and the
higher the risk of death. It is generally believed that the
main factors affecting the length of hospital stay, excluding
the direct causes of fracture types, are postoperative
complications and their severity (9). Therefore, the length
of hospital stay directly correlates with the number and
severity of postoperative complications of patients and also
indicates that the number and severity of postoperative
complications is an important cause of patient death.

At the same time, cardiovascular disease is very common
in elderly patients with hip fractures, particularly heart
failure (17,18). N'T-proBNP is a quantitative marker of heart
failure, with high specificity and sensitivity for diagnosis of
heart failure (17). Its concentration is clinically significant in
predicting the risk of postoperative heart failure in patients
with femoral intertrochanteric fractures. One population-
based large-data cohort study found that the 30-day
postoperative mortality of patients with hip fractures
increased with the concentration of N'T-proBNP (19).
Our multivariate Cox proportional regression model analysis
found that NT-proBNP was an independent risk factor for
postoperative death in patients with elderly intertrochanteric
fractures and a history of cardiovascular disease (HR =1.01,
P<0.05), and the risk of death doubled in patients with
NT-proBNP concentration increased by 100 pmol/L.
Survival analysis found that the 90-day mortality rate
of patients with NT-proBNP level >207 pmol/L was
significantly higher than in patients with NT-proBNP level
<207 pmol/L (Figure 2B). Heart failure is one of the main
factors leading to postoperative death in elderly patients with
femoral intertrochanteric fractures. We believe that there is
a significant correlation between trauma and concentration
of NT-proBNP. NT-proBNP exceeding 207 pmol/L
indicates that a patient’s reserve of heart function before
injury was poor, and the risk of heart failure after surgery
is higher. This suggests that for elderly patients with
intertrochanteric fractures and a history of cardiovascular
disease, preoperative NT-proBNP concentration exceeding
207 pmol/L could be used as an independent risk assessment
threshold. When N'T-proBNP is higher than this value,
the risk of surgery should be carefully evaluated. Studies by
Hietala et al. (20) found that preoperative heart failure is
an important predictor of myocardial infarction in patients
with hip fractures during the perioperative period. Further,
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Huddleston er al. (21) found that preoperative heart failure
history was an independent predictor for postoperative
myocardial infarction.

Our study found that HDL was an independent
protective factor for postoperative death in elderly
patients with intertrochanteric fractures and a history of
cardiovascular disease (HR =0.41, P<0.05). Further, for
every increase of 1 pmol/L in HDL concentration, the
risk of death decreased 41%. In a study of 113,211 hip
fracture patients, Norring-Agerskov et a/. (18) found that
the mortality rate within 30 days of fracture decreased with
an increase of HDL concentration. This was because HDL,
as a vascular protective lipoprotein, can significantly reduce
the risk of cardiovascular and cerebrovascular diseases (22),
thereby reducing the risk of thrombotic events and even
death in patients after surgery. Our study found that LDL
was not an independent risk factor for postoperative death
in elderly patients with intertrochanteric fractures and
a history of cardiovascular disease (HR =1.03, P>0.05).
Survival analysis showed that the higher the HDL
concentration, the lower the mortality (P<0.05, Figure 2C),
while there was no difference among the LDL groups
(P>0.05, Figure 2D). Cardiovascular and cerebrovascular
events are an important cause of postoperative death in
patients. We believe that the preoperative HDL level is
an independent indicator of the degree of cardiovascular
damage in patients (23,24). Therefore, assessment of
risk and mortality from postoperative cardiovascular
and cerebrovascular events could be based on HDL
concentration. However, LDL, as the main lipoprotein in
cardiovascular damage receiving clinical consideration, was
not found to be an independent risk factor in our study
(P>0.05). The possible reason for this is that most elderly
patients receive lipid-lowering therapy, which may have
caused confounding bias.

Moreover, we also analyse the one-year mortality is
13.3% with 22 patients dead. The main cause of death is
pulmonary infection (8 patients), heart failure (2 patients),
myocardial infarction (5 patients), stroke (5 patients,) and
pulmonary embolism (2 patients), which related to lying
in bed, blood loss, surgery method and anesthesia mode.
The length of hospital stay increases and the NT-proBNP
abnormality suggest the occurrence of acute complications.

In summary, we found that the length of hospital
stay, plasma NT-proBNP concentration, and HDL
concentration could be used as sensitive predictors for
prognosis in elderly patients with intertrochanteric fracture
surgery and a history of cardiovascular disease. To prevent
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and care for complications, bed time should be reduced as
much as possible, sitting rest is recommended for those who
cannot get out of bed, cardiopulmonary function training,
control intravenous infusion volume and speed, shorten
the operation fasting time, which can significantly reduce
complications. However, this study had certain limitations.
First, this study was a retrospective study. Second, the type,
number, and severity of cardiovascular-related diseases of
patients have a greater impact on outcome events, but due
to the limited number of samples included in the study, it
was impossible to incorporate this factor into the risk model
for evaluation. In a later study, we plan to incorporate
multi-center data to expand the sample size for statistical
modeling analysis.
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