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Abstract

Objective: This study aimed to explore and analyze the
factors affecting the incidence of pneumonia after coronary
artery bypass grafting (CABG) to provide reference for the
prevention of such situation. Methods: A total of 500 pa-
tients who underwent CABG in a hospital were selected.
From March 2019 to March 2022, 410 patients without
pneumonia and 90 patients with pneumonia were divided
into groups A and B. The influencing factors and pathogen
composition of postoperative pneumonia were discussed
and analyzed. Results: Univariable analysis results showed
that age, cardiac function grade, occurrence of smoking, op-
eration time, tracheal intubation time, suspended red-blood-
cell transfusion and hospital stay in group B were higher
than those in group A. Multivariable logistic analysis re-
sults showed that operation time, smoking history, and tra-
cheal intubation time were risk factors for pneumonia after
CABG. Among the 90 patients with postoperative pneumo-
nia, 90 had pathogens, 81 had Gram-negative bacteria, 4
had Gram-positive bacteria, and 5 had fungi. Conclusions:
Patients after CABG were more likely to develop pneumo-
nia. Operation time, smoking history, and tracheal intuba-
tion time were the risk factors of pneumonia after CABG.
Most of these patients had Gram-negative bacteria. Patient
intervention based on the influencing factors can effectively
prevent the occurrence of postoperative pneumonia.
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Introduction

Coronary atherosclerotic heart disease (CHD) is one
of the most common and lethal diseases worldwide [1,2].
Coronary artery bypass grafting (CABG) is an operation
used to replace the obstructed coronary artery in the body

to improve the myocardial blood supply of patients, relieve
patients’ angina pectoris, and reduce the risk of death from
coronary heart disease. It is a common operation in adult
cardiac surgery, and its clinical application is becoming in-
creasingly widespread. Owing to the increasing incidence
of coronary heart disease [3–5], many patients may suffer
from atelectasis, infection, coughing, and other problems
after CABG surgery. Pulmonary infection is the most com-
mon complication in CABG, which has a rapid onset and
dangerous condition. It has a great impact on the progno-
sis of patients [6–9]. It brings huge obstacles to the work
and spirit of patients, as well as huge economic burden and
labor loss to families and society [10]. Therefore, how to ef-
fectively promote the recovery of lung function of patients
is also the focus of clinical intervention [11,12]. By ana-
lyzing the factors affecting pulmonary infection in patients
undergoing CABG and proposing nursing measures and in-
vasive examination methods, the occurrence of pulmonary
infection can be further reduced. The surgical treatment of
patients undergoing CABG and improving the prognosis of
patients are very critical, but relevant studies are few. The
risk factors related to pulmonary infection in patients under-
going CABG have also not been fully determined [13,14].
In the present study, the factors influencing the incidence
of pneumonia after CABG were analyzed.

Materials and Methods

General Information

A retrospective study was conducted on 500 patients
who underwent CABG in our hospital. From March 2019
to March 2022, the patients were grouped according to the
occurrence of postoperative pneumonia. Group A had 410
patients without pneumonia, including 220 males and 190
females. The mean age was (54.36 ± 4.09) years. Group
B had 90 patients with pneumonia, including 54 males and
36 females. The mean age was (58.12 ± 7.45) years. This
study was approved and verified by the hospital ethics com-
mittee. Inclusion criteria were as follows: the indications
of CABG were met; patients with postoperative pulmonary
infection were in accordance with the clinical diagnosis; co-
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agulation function was normal; and information was com-
plete. Exclusion criteria were as follows: malignant tumor,
preoperative critical case, secondary cardiac surgery, pre-
operative pulmonary infection, family members refuse to
cooperate, and mental illness.

Research Methods

The clinical factors of patients were collected and an-
alyzed. These factors included age, sex, body mass in-
dex (BMI), cardiac function grade (registered by the New
York Heart Association), basic disease, smoking history,
operation time, postoperative endotracheal intubation time,
suspended red-blood-cell infusion volume, left ventricular
end-diastolic diameter, postoperative second thoracotomy,
and hospital stay. The collected factors were analyzed by
univariable and multivariable analyses.

For patients suspected of having postoperative pul-
monary infection, a disposable sputum aspirator or bron-
choscope was used. After disinfection, the end of the in-
tubation entered. Deep sputum samples were collected
and sent to the laboratory immediately for bacterial smear,
Gram staining, and bacterial culture. Routine separation
of respiratory secretions, sputum-culture fluid collection,
submission for inspection, culture, drug-resistance anal-
ysis, and other processes were conducted in accordance
with the national actual operating procedures [15]. The
automatic microbial detection system (VITEK-2 Compact,
BioMérieux Corp., Shanghai, China) was used to identify
bacteria.

Statistical Methods

SPSS 19.0 statistical software (IBM Corp., Armonk,
NY, USA) was used for data processing. Measurement
data consistent with normal distribution were expressed as
(x̄ ± s). Independent sample t test was used for compar-
ison between two groups. Statistical data were expressed
as relative numbers, and χ2 test was used for comparison
between groups. Clinical indicators with significant dif-
ferences between two groups were selected by univariable
analysis. These influencing factors of pulmonary infection
after CABG in elderly patients with coronary heart disease
were analyzed by multivariable logistic regression. p <

0.05 was considered to be statistically significant.

Results

Univariable Analysis of Pneumonia after CABG

Univariable analysis showed that the age, cardiac
function grade, occurrence of smoking, operation time, en-
dotracheal intubation time, suspended red-blood-cell in-
fusion volume, and hospitalization time of group B were
higher than those of group A (p < 0.05; Table 1).

Logistic Analysis of Risk Factors for Pneumonia after
CABG

Factors with significant differences between the two
groups screened by univariable analysis were included for
multivariable Logistic analysis. According to the results of
logistic analysis, operation time, smoking history, and en-
dotracheal intubation time were the risk factors of pneumo-
nia after CABG (Table 2).

Proportion of Pathogens in 90 Patients with Postoperative
Pneumonia

Among the 90 patients with postoperative pneumonia,
90 had pathogens, 81 had Gram-negative bacteria, 4 Gram-
positive had bacteria, and 5 had fungi (Table 3).

Discussion

More than onemillion patients with CHD receive clin-
ical CABG every year in the world [16–18]. Pulmonary
infection is a common complication after CABG owing to
invasive surgery, decreased body resistance, and movement
ability. They may be related to mitochondrial damage and
other predispose factors in the early postoperative period
[19]. Lung infections can affect recovery after surgery and
cause multiple organ failure that endangers the patient’s life
[20–22].

Post-CABG pneumonia is a type of hospital-acquired
pneumonia (HAP), which occurs 48 h after the patient is
hospitalized without a latent period. More than 80% of
HAP is caused by ventilator, that is, ventilator-related pneu-
monia (VAP). Patients after CABG are prone to VAP. How-
ever, inconsistencies in their clinical manifestations (e.g.,
fever, leukocytosis, and unexplained chest-radiograph ab-
normalities) lead to difficult VAP diagnosis for specific
groups, such as patients after CABG [23,24]. At present,
clinicians should diagnose pneumonia after CABG based
on typical clinical manifestations and signs such as cough,
expectoration, body temperature>38 °C, leukocytosis, etc.

In the current study, univariable analysis results
showed that age, cardiac function grade, occurrence of
smoking, operation time, endotracheal intubation time, sus-
pended red-blood-cell infusion volume and hospital stay in
group B were higher than those in group A (p < 0.05). Al-
though some survey data show that women have a higher
mortality rate than men in postoperative endotracheal in-
tubation, intensive care unit (ICU) stay and hospital stay.
Lung infection after CABG is reportedly related to men, but
most research results do not support this view. Some for-
eign scholars have found no significant difference in the in-
cidence of pulmonary complications between male and fe-
male patients after CABG [25,26]. The results of this study
are similar to those previously reported. The influence fac-
tors of gender on pulmonary infection after CABG need to
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Table 1. Univariable analysis questionnaire of pneumonia after CABG (x̄± s).
Project Group A (n = 410) Group B (n = 90) t/χ2 value p value

Gender
Male 220 54

1.3482 0.071
Female 190 36

Age (years) 54.36 ± 4.09 58.12 ± 7.45 4.0487 0.000
BMI (kg/m2) 24.32 ± 1.45 24.82 ± 1.11 0.6982 0.005
Smoking history

Yes 170 35
4.1106 0.043

No 240 55
Basic diseases

Hypertension 35 13
1.2823 0.085Diabetes 29 8

Hyperlipidemia 20 6
Cardiac function classification

I–II 130 45
6.0487 0.001

III–IV 280 45
Left ventricular end-diastolic diameter (mm) 49.21 ± 5.23 49.33 ± 4.92 0.3512 0.829
Operation time (min) 212.25 ± 24.23 286.54 ± 22.56 16.3528 0.000
Suspended red blood cell infusion volume (U) 4.05 ± 1.45 4.66 ± 2.15 2.3925 0.001
Endotracheal intubation time (hours) 19.12 ± 3.25 48.65 ± 4.66 15.5821 0.000
Secondary thoracotomy after operation

Yes 30 9
0.8251 0.390

No 380 81
Hospitalization time (days) 19.25 ± 2.25 43.25 ± 4.23 6.2814 0.054
CABG, coronary artery bypass grafting; BMI, body mass index.

Table 2. Logistic analysis of risk factors of pneumonia after coronary artery bypass grafting.
Influencing factors Β value S χ2 p value OR (95% CI)

Endotracheal intubation time 0.864 0.392 4.286 0.032 2.391 (1.062~5.128)
Operation time 1.302 0.457 8.339 0.002 3.361 (1.251~8.692)
Smoking history 2.401 1.135 4.382 0.039 11.271 (1.256~56.251)

Table 3. Questionnaire of pathogen constituent ratio of 90 patients with postoperative pneumonia (n, %).
Pathogenic bacteria Number of plants Constituent ratio

Gram-negative bacteria

Klebsiella pneumoniae pneumonia subspecies 45 50.00
Burkholderia cepacia 16 17.78
Pseudomonas aeruginosa 8 8.89
Acinetobacter baumannii 6 6.67
Escherichia coli 6 6.67

Gram positive bacteria Staphylococcus aureus 4 4.44
Fungus Candida albicans 5 5.56
Total 90 100.00

be further explored. Older patients are prone to lung infec-
tion after cardiac surgery. Compared with patients without
lung infection, the average age of patients with lung infec-
tion is higher [27]. The reason may be related to the de-
cline in function of various organs and immune function of
the human body. After cardiac surgery, the ability of the
elderly to resist the invasion of foreign pathogens gradu-
ally weakens. Thus, elderly patients become more prone to
lung infection. Early studies with a history of diabetes have

shown that [28] no significant difference exist in the inci-
dence of postoperative pneumonia compared with patients
without diabetes. Some experts have pointed out that [29]
the history of diabetes is closely related to pulmonary com-
plications, such as postoperative pneumonia. Postoperative
infection and mortality are also high. The history of dia-
betes is also reportedly an independent risk factor for pneu-
monia after CABG. Preoperative hyperglycemia increases
the mortality of patients and the probability of infection.
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Fig. 1. Factors influencing the incidence of pneumonia after coronary artery bypass grafting.

Pulmonary infection after CABG is related to heart fail-
ure. Myocardial echocardiography shows that ventricular
thickness, left atrial inner diameter, and left ventricular in-
ner diameter can be used as early diagnostic indicators of
chronic heart failure [30]. Therefore, after coronary an-
giography, cardiac ultrasound has certain application value
in predicting intrapulmonary infection. The patient’s respi-
ratory function cannot meet the patient’s requirements be-
cause of long-time tracheal intubation, late recovery after
operation, or other organ diseases. If the patient has severe
lung infection in the early stage, the patient’s stay in the
ICU is greatly prolonged.

In the present study, multivariable logistic analysis
showed that operation time, smoking history, and tracheal
intubation time were the risk factors of pneumonia after
CABG (p < 0.05). Smoking history, postoperative tra-
cheal intubation, and long postoperative operation time
were important reasons for postoperative pulmonary infec-
tion (Fig. 1). After smoking, the lungs produce a large
amount of tar and nicotine, which reduces the active com-
ponents of the lungs, thereby damaging the lungs and lead-
ing to pulmonary fibrosis. Therefore, CABG patients with
a history of smoking are more likely to suffer from lung in-
fection. When the operation time is long, the instruments
in the operating room and the bacteria in the air invade and
open the thoracic cavity. Consequently, the risk of bacte-
rial infection in the lung and the incidence of postoperative
lung infection increase [31]. After the operation, the tra-
cheal intubation time is too long, leading to dependence on
the ventilator, destroying the natural barrier of the respira-
tory tract, bringing foreign bacteria into the patient’s body,
and damaging the respiratory mucosa. The secretion in the
lung cannot be discharged in time, and the ability to clear
foreign pathogens is reduced. The catheter stays in the pa-
tient for a long time, more likely breeding bacteria and in-
creasing the risk of lung infection [32].

In the current work, among patients with postopera-
tive pneumonia, 90 had pathogenic bacteria, 81 had Gram-
negative bacteria, 4 had Gram-positive bacteria, and 5
had fungi. Previous studies have shown that the preva-
lence of postoperative pulmonary complications after car-
diac surgery is 27%–35% [33–35]. In our experiment, this
proportion decreased slightly. It may be related to the fol-
lowing reasons. First is the strengthened the control of an-
tibiotics and the standardizedmanagement of clinical drugs.
Second is the numerous cardiac surgery patients in the
ICU. Accordingly, preoperative respiratory care should be
strengthened, and preoperative respiratory function training
should be carried out with the help of the rehabilitation de-
partment. The number of patients with pulmonary infec-
tion after CABG surgery can be decreased by reforming
the ventilation system, improving the medical conditions,
and strictly enforcing hand hygiene. At the same time, the
pathogen is relatively single, the drug-resistant bacteria are
few, and the sensitive bacteria are still the main ones. No
large number of drug-resistant strains such as Acinetobacter
baumannii is found. Therefore, the incidence rate and mor-
tality of VAP are lower than those reported abroad [36,37].

If the patient does not get off the intubation line in a
short time, to prevent pneumonia, the healing of the chest
incision can be evaluated at the initial stage (about 1 week)
to reduce dead space in the airway. In the awake state, ac-
tive exercise and reduced use of sedatives must be imple-
mented for the overall recovery of patients. Improvement
in sympathetic tone and appropriate reduction in vasoactive
substances such as dopamine and adrenaline should also be
considered. An early oral meal can make full use of the di-
gestive tract and reduce the migration of intestinal microor-
ganisms. The core principle of reducing pneumonia after
CABG is to grasp the opportunity, shorten the time of using
the machine, and restoring the patient’s autonomy. Preop-
erative application of statins can significantly reduce infec-
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tion after CABG. This reduction may be owing to its regu-
lation of the immune system, thereby reducing the inflam-
matory response. Before and after the operation, the use of
relatively broad-spectrum, strong bactericidal activity, and
safe and inexpensive antibiotics can significantly reduce the
incidence of post-operative infection. The risk factors of
post-operative pulmonary infection are very small, and re-
ducing the probability of post-operative infection primarily
depends on the process. The impact of simple preventive
measures on post-operative pulmonary infection is limited.
Therefore, formulating specific and feasible comprehensive
intervention measures plays a very important role in pre-
venting the occurrence of pulmonary infection [38,39].

Conclusions

Patients with coronary atherosclerotic heart disease af-
ter CABG were more likely to have pneumonia. Operation
time, smoking history, and tracheal intubation timewere the
risk factors for pneumonia after CABG. Most of these pa-
tients had Gram-negative bacteria. Implementing interven-
tion to patients based on the influencing factors can effec-
tively prevent the occurrence of postoperative pneumonia.
The number of cases included in this study was small, and
the search for relevant factors was not comprehensive. In
follow-up studies, more cases should be included for further
in-depth analyses.
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