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Abstract

Background

Postoperative pneumonia is a serious complication in elderly patients with hip fracture. It is

necessary to identify the influencing factors of postoperative pneumonia in patients with hip

fracture.

Methods

Elderly patients with hip fractures admitted to a tertiary hospital in China from January 1,

2020 to August 31, 2021 were included. The characteristics of patients with and without

postoperative pneumonia were evaluated and compared. Logistic multivariate regression

analyses were conducted to assess the risk factors of postoperative pneumonia.

Results

267 patients with hip fracture were included, the incidence of postoperative pneumonia in

patients with hip fracture was 13.11%. There were significant differences in the age, diabe-

tes mellitus, anemia, hypoalbuminemia, anesthesia method and duration of surgery

between infection and no infection group, no significant differences in the gender, BMI,

hypertension, hyperlipidemia, type of fracture, preoperative oxygen saturation, white blood

cell count, platelet count, red blood cell count, creatinine, alanine aminotransferase, aspar-

tate aminotransferase, estimated blood loss during surgery were detected between infection

and no infection group. Logistic regression analysis showed that age�70y (OR2.326, 95%

CI1.248~3.129), diabetes mellitus (OR2.123, 95%CI1.021~3.551), anemia (OR3.199,95%

CI1.943~5.024), hypoalbuminemia (OR2.377, 95%CI1.211~3.398), general anesthesia

(OR1.947, 95%CI1.115~3.038), duration of surgery�120min (OR1.621, 95%

CI1.488~2.534) were the risk factors of postoperative pneumonia in elderly patients with hip

fracture (all p<0.05). Escherichia Coli (33.33%), Klebsiella pneumoniae (28.57%), Staphylo-

coccus aureus (21.43%) were the most common bacteria of pulmonary infection.
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Conclusion

There are many risk factors for postoperative pneumonia in elderly patients with hip frac-

tures after surgery. In clinical practice, medical workers should take targeted interventions

for those risk factors to reduce postoperative pneumonia.

Introduction

With the accelerating process of aging, the medical problems of elderly patients have become

one of the key concerns of people’s livelihood. Among them, the incidence of fracture diseases

in the elderly is relatively high, which brings a greater medical burden to patients and the med-

ical system [1]. Hip fracture is one of the most common fracture types in elderly patients, and

its incidence also increases with age [2]. According to reports [3, 4], the mortality and disabil-

ity rate of elderly patients with hip fracture is extremely high, and the death of hip fracture

patients is closely associated with postoperative complications. Among them, pulmonary

infection is one of the most common complications after hip fracture in the elderly, 18.31%

patients with hip fracture can have postoperative pulmonary infection, which may be associ-

ated with the elder age, longer bed and hospital stay [5]. Once a postoperative pulmonary

infection occurs, it will seriously affect the patient’s postoperative recovery, prolong the hospi-

tal stay, increase the cost of hospitalization, and even cause the death of the patient [6, 7].

Therefore, the prevention and treatment of postoperative pulmonary infection in patients with

hip fractures is of great significance to the prognosis of patients.

The rate of new pulmonary infections after hip fracture is 8.12% to 19.05% [8, 9]. Once

patients have pulmonary infections, the risk of death within 30 days after surgery is 8 times

that of other patients without pulmonary infections [10]. It can be seen that for postoperative

patients with hip fracture, timely and reasonable preventive interventions for postoperative

pulmonary infections are needed to improve the prognosis of patients [11]. To ensure the

rationality of the implementation of preventive interventions for pulmonary infections after

hip fractures in the elderly, it is necessary to understand a series of risk factors that may be

associated with pulmonary infections. At present, although there are several reports on the risk

factors of postoperative pulmonary infection after hip fracture surgery, due to the limitations

of various research subjects, regions and populations, a unified understanding has not been

reached so far, further studies from different area and populations are needed. Based on this

background, we retrospectively analyzed the clinical data of elderly hip fracture patients

undergoing surgical treatment in hospital in recent years, aiming to analyze the risk factors

that may be associated to the hospital-acquired pulmonary infections in elderly hip fracture

patients after surgery, to provide reference for the clinical development of reasonable plan for

the prevention and treatment of postoperative pulmonary infection after hip fracture.

Methods

Ethical consideration

In this study, all methods were performed in accordance with the relevant guidelines and regu-

lations. Approval from the ethical committee of Wuhan Fourth Hospital (approval number:

A10085c) had been obtained in this study, and all the included patients were well informed

and written informed consents had been obtained from all the included patients.
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Patients

We retrospectively selected elderly patients with hip fractures admitted from January 1, 2020

to August 31, 2021 as the study patients. The inclusion criteria of this study were: (1) The hip

fracture was confirmed by MRI or X-ray. (2) The patient received artificial hip replacement or

internal fixation in our hospital. (3) The clinical data was complete. (4) Age> 60 years old. (5)

The patients were informed and agreed to participate in this study. Exclusion criteria in this

study were: (1) Patients with other infectious diseases diagnosed before surgery. (2) Patients

with coronavirus 2019 (COVID-19) infection. (3) Those who had received surgical treatment

for fractures of the same site in the past since the patients that underwent previous surgery at

the same site had higher risk of postoperative complications including pulmonary infection

[12]. (4) Patients who were not willing to participate in this study.

Diagnostic criteria for pulmonary infection

We referred to the relevant diagnostic criteria for diagnosing the hospital-acquired pneumonia

during the hospital stay of patients according to the "Guidelines for the Diagnosis and Treat-

ment of Hospital-Acquired Pneumonia" of the Chinese Medical Association Respiratory Med-

icine Branch [13]. The criteria were: (1) After the operation, the patient’s original respiratory

disease-related symptoms aggravated, or sputum coughing, thick sputum coughing. (2) The

patient developed fever after the operation. (3) Physical examination results showed signs of

pulmonary consolidation, and pulmonary rales could be heard on auscultation. (4) White

blood cell count <4 ×109/L or>10×109/L. (5) The chest X-ray film showed patchy infiltrates

or interstitial changes. After excluding patients with pulmonary cancer, tuberculosis, pulmo-

nary embolism and other pulmonary diseases, in the above items, if the patient meets any of

(1)~(4) and also meets item (5), the diagnosis can be confirmed for pulmonary infection.

Bacteria identification

The sputum of elderly patients with pulmonary infection was collected. The specimen was col-

lected as early morning sputum, and the influence of oral bacteria was removed after gargle.

And we asked the patient to cough as much as possible to take deep sputum. The coughed spu-

tum would be sent to the sterile container for inspection in time. Bacterial samples were col-

lected solely from the postoperative pneumonia group. Bacterial culture of sputum samples

was conducted in the laboratory of our hospital, the inspection instrument for identifying the

bacteria was the automatic microbial identification and drug sensitivity analyzer XE100

(France BioMérieux).

Data collection

The two authors retrospectively reviewed the original records of patients’ medical records and

collected the following relevant patient information: gender, age, body mass index(BMI),

hypertension, diabetes mellitus, hyperlipidemia, anemia, hypoalbuminemia, type of fracture,

preoperative oxygen saturation, preoperative laboratory examination including white blood

cell count, platelet count, red blood cell count, creatinine, alanine aminotransferase, aspartate

aminotransferase, anesthesia method, duration of surgery, estimated blood loss during

surgery.

Statistical analysis

We used SPSS 24.0 statistical software for data analysis. The measurement data were expressed

as mean ± standard deviation, and the t test was used for group comparison. And the count
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data was expressed as the cases and percentage, Chi-square test was used for group analysis.

The variables with statistical differences in the univariate analysis were further included in the

logistic multivariate regression analysis. p<0.05 indicated that the difference was statistically

significant in this present study.

Results

The characteristics of patients

267 postoperative patients with hip fracture were included in this study finally, of whom 35

patients had been diagnosed as postoperative pulmonary infection, the incidence of postopera-

tive pulmonary infection in patients with hip fracture was 13.11%. As presented in Table 1,

there were significant differences in the age, diabetes mellitus, anemia, hypoalbuminemia,

anesthesia method and duration of surgery between infection and no infection group (all

p<0.05). No significant differences in the gender, BMI, hypertension, hyperlipidemia, type of

fracture, preoperative oxygen saturation, white blood cell count, platelet count, red blood cell

count, creatinine, alanine aminotransferase, aspartate aminotransferase, estimated blood loss

during surgery were detected between infection and no infection group (all p>0.05).

Risk factors of pulmonary infection in elderly patients with hip fracture

The variable assignments of multivariate logistic regression were presented in Table 2. As indi-

cated in Table 3, logistic regression analysis showed that age�70y (OR2.326, 95%

Table 1. The characteristics of included patients.

Items Infection group(n = 35) No infection group(n = 232) t/χ2 p

Male/female 20/15 133/99 1.185 0.079

Age(y) 74.15 ± 10.23 65.08 ± 9.15 1.503 0.041

BMI (kg/m2) 23.11±2.75 22.87 ± 3.01 4.223 0.086

Hypertension 25(71.43%) 155(66.81%) 1.216 0.058

Diabetes mellitus 11(31.43%) 35(15.09%) 1.224 0.035

Hyperlipidemia 9(25.71%) 60(25.86%) 1.912 0.101

Anemia 19(54.29%) 24(10.34%) 1.095 0.033

Hypoalbuminemia 10(28.57%) 25(10.78%) 1.623 0.014

Type of fracture 1.178 0.079

Intertrochanteric fracture 16(45.71%) 104(44.83%)

Femoral neck fracture 19(54.29%) 128(55.17%)

Preoperative oxygen saturation(%) 95.14±8.01 94.72±9.17 10.442 0.083

Preoperative laboratory examination

White blood cell count (×109 �L-1) 9.12±1.18 8.82±1.03 1.775 0.065

Platelet count (×109 �L-1) 214.09±83.22 211.45±102.16 1.202 0.114

Red blood cell count(×109 �L-1) 4.03±2.74 4.06±1.56 1.089 0.091

Creatinine (μmol�L-1) 32.35 ± 12.61 32.28 ± 14.27 2.235 0.102

Alanine aminotransferase (U �L-1) 18.12±10.04 18.11±11.52 3.167 0.068

Aspartate aminotransferase(U �L-1) 19.55±9.32 19.66±13.32 2.044 0.203

Anesthesia method 2.372 0.021

General anesthesia 26(74.29%) 122(52.59%)

Lumbar anesthesia 9(25.71%) 110(47.41%)

Duration of surgery(min) 148.23 ± 61.90 110.91 ± 77.34 10.959 0.015

Estimated blood loss during surgery(ml) 261.98±44.24 262.43±40.99 42.088 0.079

https://doi.org/10.1371/journal.pone.0273350.t001
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CI1.248~3.129), diabetes mellitus (OR2.123, 95%CI1.021~3.551), anemia (OR3.199,95%

CI1.943~5.024), hypoalbuminemia (OR2.377, 95%CI1.211~3.398), general anesthesia

(OR1.947, 95%CI1.115~3.038), duration of surgery�120min (OR1.621, 95%CI1.488~2.534)

were the risk factors of postoperative pulmonary infection in elderly patients with hip fracture

(all p<0.05).

Pathogen distributions

As presented in Table 4, of the 35 cases of pulmonary infection, a total of 42 pathogens were

detected. Escherichia Coli (33.33%), Klebsiella pneumoniae (28.57%), Staphylococcus aureus

(21.43%) were the most common bacteria of pulmonary infection in patients with hip fracture.

Discussions

The incidence of postoperative pulmonary infection in elderly patients with hip fractures after

surgery differs in regions with different economic levels [14], but the overall incidence is still

relatively high, which is worthy of attention. In addition, postoperative pulmonary infection

will further increase the risk of death in such patients [15]. Studies [16, 17] have shown that

pulmonary infection is an independent risk factor for death after hip fracture in the elderly.

Previous study [18] has found that 14% of elderly hip fracture patients with pulmonary infec-

tions died within 30 days, while the case fatality rate of patients with non-pulmonary infections

is only 1.7% within 30 days. Another study [19] has showed that the risk of death for patients

with pulmonary infection after hip fracture is 7.36 times higher than that of patients without

pulmonary infection after surgery. Therefore, the prevention of postoperative pulmonary

infection should be strengthened clinically in order to reduce the complications and mortality.

The results of this study have found that the incidence of postoperative pulmonary infection in

patients with hip fracture is 13.11%, which is similar to previous reports [20, 21]. And we have

found that age�70y, diabetes mellitus, anemia, hypoalbuminemia, general anesthesia, dura-

tion of surgery�120min were the risk factors of postoperative pulmonary infection in elderly

Table 2. The variable assignments of multivariate logistic regression.

Factors Variables Assignment

Pulmonary infection Y Yes = 1, no = 2

Age(y) X1 �70 = 1, <70 = 2

Diabetes mellitus X2 Yes = 1, no = 2

Anemia X3 Yes = 1, no = 2

Hypoalbuminemia X4 Yes = 1, no = 2

Anesthesia method X5 General anesthesia = 1, lumbar anesthesia = 2

Duration of surgery(min) X6 �120 = 1, <120 = 2

https://doi.org/10.1371/journal.pone.0273350.t002

Table 3. Logistic regression analysis on the risk factors of postoperative pulmonary infection in elderly patients with hip fracture.

Variables β S �x OR 95%CI p

Age�70y 0.124 0.211 2.326 1.248~3.129 0.015

Diabetes mellitus 0.141 0.138 2.123 1.021~3.551 0.012

Anemia 0.133 0.104 3.199 1.943~5.024 0.039

Hypoalbuminemia 0.125 0.113 2.377 1.211~3.398 0.026

General anesthesia 0.109 0.188 1.947 1.115~3.038 0.009

Duration of surgery�120min 0.112 0.106 1.621 1.488~2.534 0.018

https://doi.org/10.1371/journal.pone.0273350.t003
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patients with hip fracture, early intervention targeted on those influencing factors should be

taken to reduce the development of postoperative pulmonary infections.

Regarding the influence of age on postoperative pulmonary infections in elderly patients

with hip fractures, many studies [22, 23] have reached different conclusions. A study [24] has

reviewed 1,429 patients undergoing hip fracture surgery, and the results have showed that the

higher the age, the greater the probability of postoperative pulmonary infections. This may be

because elderly patients have more underlying diseases and the body’s immune function is

reduced, which is extremely easy under the invasion of pathogenic bacteria, combined with

fracture trauma, surgical stress, and long-term bed rest caused a further decline in immunity,

which induced pulmonary infection [25–27]. However, some studies [28–30] have pointed out

that the occurrence of postoperative pulmonary infections should be attributed to the increase

in the number of comorbidities that accompany age, rather than age itself. However, it is cur-

rently recognized that the incidence of hip fractures in elderly patients increases with age, and

surgery is the current main treatment method. Therefore, surgery cannot be given up on the

grounds of advanced age, and other controllable patients should be evaluated. For patients

with more risk factors, we should adopt targeted interventions to reduce the risks of postopera-

tive pulmonary infections.

Malnutrition has been proven to be one of the important risk factors for postoperative pul-

monary infection in elderly patients with hip fracture. In addition to low BMI, serum albumin

is also an important indicator of nutritional status [31]. Studies [32, 33] have pointed out that

low serum albumin levels increase the risk of pneumonia, because wounds, fracture healing,

and muscle strength recovery require a large amount of protein supplementation. When pro-

tein is insufficient, muscle strength and limb function decline, causing the prolonging duration

of bed time [34]. Besides, some patients are in a state of malnutrition when they are admitted

to the hospital, coupled with increased catabolism caused by trauma and surgery, and

increased demand for nutrients, resulting in a further sharp decline in nutritional status, weak-

ened immunity, and increased risk of postoperative pulmonary infection [35]. Therefore,

elderly patients with hip fractures should be screened for nutrition before surgery, and nutri-

tional support interventions should be implemented before surgery to reduce the risk of post-

operative pulmonary infections due to malnutrition.

Diabetes is one of the risk factors for postoperative pulmonary infection in elderly patients

with hip fracture. Some studies [36, 37] have found that patients with diabetes before surgery

are prone to pulmonary infection after surgery, which is consistent with the results of this

study. However, some studies [38, 39] have pointed out that diabetes is not associated with the

Table 4. The pathogen distributions of postoperative pulmonary infection in patients with hip fracture (n = 42).

Pathogens Cases Percent

Gram-positive bacteria 12 28.57%

Staphylococcus aureus 9 21.43%

Streptococcus 2 4.76%

Enterococcus 1 2.38%

Gram-negative bacteria 29 69.05%

Escherichia Coli 14 33.33%

Klebsiella pneumoniae 12 28.57%

Acinetobacter baumannii 3 7.14%

Fungus 1 2.38%

Candida albicans 1 2.38%

In total 42 100%

https://doi.org/10.1371/journal.pone.0273350.t004
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occurrence of postoperative pulmonary infections in elderly patients with hip fractures. Study

[40] has reported that when the patient’s blood glucose is >200 mg/dL, it will increase the inci-

dence of pneumonia. Diabetes may be associated with postoperative pulmonary infections in

elderly patients with hip fractures, but this relationship may only exists when blood sugar is

high [41]. The reason may be that when the blood sugar of diabetic patients is too high, the

plasma osmotic pressure will also increase, which inhibits the phagocytic ability of immune

cells in the blood and is prone to infection [42, 43]. However, due to the small sample size of

related studies, there may be biases in the results. Further researches are needed to confirm the

role of diabetes in the future.

Studies [44, 45] have reported that the longer duration of surgery is an important risk factor

for postoperative pulmonary infection in elderly patients with hip fractures, which is more con-

sistent with the results of this study. The prolonged operation time may be caused by a variety of

factors, such as severe osteoporosis and complex fracture morphology [46]. The prolongation of

the operation time can lead to an increase in blood loss during the operation, and the prolonga-

tion of the patient’s intraoperative hypothermia time, resulting in a decrease in their resistance,

thereby increasing the postoperative pulmonary infection [47]. In addition, during general anes-

thesia surgery, the cough reflex is suppressed, and prolonged surgery leads to rapid proliferation

of lower respiratory tract bacteria, which may lead to the occurrence of pneumonia [48]. There

are reports [49, 50] which says delay hip fracture surgery increases the risk factor of pneumonia.

Therefore, medical staff should shorten the operation time as much as possible, and pay attention

to monitoring the patient’s body temperature and keep warm during the operation.

At present, many scholars [51, 52] believe that general anesthesia is related to the occurrence

of pulmonary infections after surgery. Because local anesthesia does not affect the patient’s spon-

taneous breathing, does not inhibit the protective cough reflex, and at the same time avoids tra-

cheal intubation, thus reducing the risk of postoperative pulmonary infection. But the

shortcoming of the study is that doctors are more inclined to adopt general anesthesia for

patients with more severe illness, which may cause selection bias. In addition, it’s been reported

[53] that the incidence of pulmonary infection after local anesthesia is lower than that of patients

under general anesthesia. However, when subgroup analysis is performed, only in patients with

femoral intertrochanteric fractures, the difference in the results of the study is statistically signifi-

cant, while in the patients with femoral neck, there is no such trend among fracture patients.

However, the specific reasons are not clear, and further studies are needed in the future. The data

about pathogen detection in 34 cases happened after the surgery or before the surgery should be

compared, yet most included patients did not undergo pathogen detection before surgery in this

study. this study has found that the bacteria in pulmonary infections are mainly gram-negative

bacteria. This result suggests that the detection of pathogenic bacteria should also be paid atten-

tion to in actual clinical treatment, and reasonable antimicrobial treatment should be selected in

combination with patient drug sensitivity test to improve anti-infection effects.

Conclusions

In summary, there are many risk factors for hospital-acquired pulmonary infection after hip

fracture in the elderly, for patients with age�70y, diabetes mellitus, anemia, hypoalbuminemia,

general anesthesia, duration of surgery�120min, they may have higher risks of postoperative

pulmonary infection. Actively correct the patient’s anemia, treat comorbidities, and improve

pulmonary function before surgery, and give patients targeted intervention after surgery are

necessary for patients with hip fracture. For patients who have already developed pulmonary

infections, bacterial culture and drug sensitivity testing should be carried out as soon as possi-

ble to ensure the rationality of the use of antibacterial drugs.
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