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Abstract

Objective: Pulmonary complication is common in older patients after surgery. We analyzed risk

factors of lower respiratory tract infection after general anesthesia among older patients.

Methods: In this retrospective investigation, we included older patients who underwent surgery

with general anesthesia. Logistic regression analyses were performed to determine risk factors of

lower respiratory tract infection.

Results: A total 418 postoperative patients with general anesthesia were included; the incidence

of lower respiratory tract infection was 9.33%. Ten cases were caused by gram-positive bacteria,

26 cases by gram-negative bacteria, and 2 cases by fungus. We found significant differences in age,

smoking, diabetes, oral/nasal tracheal intubation, and surgery duration. Logistic regression

analysis indicated that age �70 years (odds ratio [OR] 2.028, 95% confidence interval [CI]

1.115–3.646), smoking (OR 2.314, 95% CI 1.073–4.229), diabetes (OR 2.185, 95% CI

1.166–4.435), nasotracheal intubation (OR 3.528, 95% CI 1.104–5.074), and duration of surgery

�180 minutes (OR 1.334, 95% CI 1.015–1.923) were independent risk factors of lower respira-

tory tract infections.

Conclusions: Older patients undergoing general anesthesia after tracheal intubation have a high

risk of lower respiratory tract infections. Clinical interventions should be provided to prevent

pulmonary infections in patients with relevant risk factors.
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Introduction

General anesthesia produces temporary
inhibition of the central system after the
inhalation, intramuscular injection, or
intravenous injection of anesthetics. This
manifests as loss of consciousness, skeletal
muscle relaxation, and reflex inhibition,
which can alleviate the patient’s pain and
ensure the smooth progress of an opera-
tion.1 Tracheal intubation is a common
method of airway management after gener-
al anesthesia.2 However, tracheal intuba-
tion destroys the natural barrier of the
upper respiratory tract, causing the
patient’s nose and throat to become vulner-
able to bacterial invasion and increasing the
risk of lung infection.3 Lower respiratory
tract infections are usually caused by bacte-
ria and viruses.4,5 The wide application of
antibacterial drugs has changed the types
of pathogenic bacteria that can invade the
lower respiratory tract; the number of drug-
resistant pathogen strains has gradually
increased together with the level of drug
resistance, and multidrug-resistant strains
have appeared, bringing great challenges
to clinical treatment.6

In recent years, with accelerated growth
of the global aging population, the number
of older patients undergoing surgical treat-
ment has been increasing each year.7

General anesthesia with tracheal intubation
has the advantages of safe and effective
management.8 It is a widely used method
of clinical anesthesia, but use of general
anesthesia makes patients more prone to
developing respiratory infections after sur-
gery.9 According to reports, patients under-
going tracheal intubation under general
anesthesia have an approximately 8.12%
to 21.36% probability of developing pul-
monary infection.10,11 With aging of the
body, the immune function of older patients
becomes weaker, making these patients
more susceptible to infection with various
pathogens.12 At present, the reasons for

older patients being at risk of developing
lower respiratory tract infection after tra-

cheal intubation under general anesthesia
are not fully understood. Therefore, analy-
sis of the clinical treatment in older patients

with lower respiratory tract infections after
general anesthesia is important to under-

stand the relevant etiological characteristics
and risk factors of lower respiratory tract
infection. The findings of such investigation

can provide evidence for the selection of
clinically sensitive antibiotics and support

the development of preventive measures
against related risk factors to reduce the
incidence of lower respiratory tract infec-

tions in this patient population.

Methods

Ethics

Our study followed a retrospective study
design. The study was approved by the
ethics committee of The First Affiliated

Hospital of Xinjiang Medical University
(MX20190112) and was carried out after

receiving signed, written informed consent
from all patients. The reporting of this
study conforms to the Strengthening the

Reporting of Observational Studies in
Epidemiology (STROBE) statement.13

Patients

We selected older patients who underwent
surgery with general anesthesia at our hos-

pital from 1 March 2019 to 30 September
2020 to participate in this study. The inclu-
sion criteria were patients who (1) were age

�60 years; (2) underwent surgery with gen-
eral anesthesia at our hospital; (3) had

normal lung function before surgery;
(4) agreed to participate in this study.
Patients were excluded if they (1) were

diagnosed with pneumonia before
surgery; (2) had a history of pulmonary
resuscitation within 3 months; (3) had
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severe cardiopulmonary disease, severe liver
and kidney insufficiency, or severe immune
deficiency; (4) did not agree to participant
in this study.

Diagnosis of lower respiratory tract
infections

We referred to the 2016 American Society
of Infectious Diseases Hospital Acquired
Pneumonia guidelines14 and relevant stand-
ards15,16 for the diagnosis of lower respira-
tory tract infections. The specific diagnostic
criteria were as follows: in physical exami-
nation, moist rales heard on chest ausculta-
tion; imaging (chest X-ray, chest computed
tomography) suggesting inflammatory
changes in the lungs; symptoms such as
cough and sputum appearing within
3 days after surgery; body temperature
>37.6�C; and white blood cells
�11.0� 109/L. According to the diagnosis
of lower respiratory tract infection, patients
were divided into the group with infection
and the group with no infection.

Bacterial detection

We tested samples from all patients with
lung infections for pathogenic bacteria.
We collected sputum samples from patients
and cultured the samples within 30 minutes.
Pathogens were identified and screened in
our laboratory using an automated bacteri-
al identification instrument (VITEK-2;
bioM�erieux, Craponne, France).

Statistical analysis

We conducted statistical analysis for the
incidence of lung infection after general
anesthesia. We calculated the distribution
of pathogenic bacteria for patients with
lung infections. On this basis, we compared
differences between the two groups in terms
of basic characteristics (including age, sex,
body mass index [BMI], alcohol consump-
tion [defined as drinking �200mL beer or

wine per day for at least 3 months], smok-
ing history [defined as smoking �4 ciga-
rettes for at least 1 month]), underlying
diseases, duration of surgery, intraoperative
blood infusion, and length of hospital stay.

We used IBM SPSS 20.0 software to
analyze all the data (IBM Corp., Armonk,
NY, USA). In univariate analysis, the enu-
meration data are expressed as number and
percentage, and the v2 test was used.
Variable data are expressed as mean �
standard deviation, and comparisons
between groups were carried out using the
t-test. Multivariate logistic regression anal-
ysis was used to analyze independent risk
factors. p< 0.05 was considered to indicate
statistical significance.

Results

Detected infections and patient
characteristics

A total of 418 postoperative patients who
underwent general anesthesia were includ-
ed. Of these, 39 patients (mean age
71.28� 6.94 years, 27 men) were diagnosed
with lower respiratory tract infection. The
incidence of lower respiratory tract infec-
tion in patients with general anesthesia
was 9.33%. We conducted sputum analysis
of samples from those 39 patients, and
pathogens were detected in 38 samples. As
presented in Table 1, there were 10 cases of
infection caused by gram-positive bacteria,
26 cases caused by gram-negative bacteria,
2 cases of fungal infection. Pseudomonas aer-
uginosa was the most commonly detected
bacterial species (36.84%) in patients with
lower respiratory tract infection.

As shown in Table 2, there were
significant differences among patients with
lung infection with respect to age, smoking,
diabetes, oral/nasal tracheal intubation,
and duration of surgery (all p< 0.05). We
found no significant differences in sex,
BMI, alcohol consumption, hypertension,
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hyperlipidemia, type of surgery,
intraoperative blood infusion, and length

of hospital stay.

Logistic regression analysis for risk factors

of lower respiratory tract infection

Table 3 shows the variable assignment in
multivariate logistic regression. As shown

in (Table 4), logistic regression analysis
indicated that age �70 years (odds ratio
[OR] 2.028, 95% confidence interval [CI]
1.115–3.646), smoking (OR 2.314, 95% CI
1.073–4.229), diabetes (OR 2.185, 95% CI
1.166–4.435), nasotracheal intubation (OR
3.528, 95% CI 1.104–5.074), and duration
of surgery �180 minutes (OR 1.334, 95%
CI 1.015–1.923) were independent risk

Table 2. Characteristics of included patients.

Variable

Infection group

(N¼ 39)

No-infection group

(N¼ 379) t/v2 p-value

Male/female, n 27/12 265/114 1.321 0.091

Age (years) 71.28� 6.94 67. 13� 9.22 1.213 0.016

BMI (kg/m2) 23.39� 1.09 24.01� 1.45 1.242 0.082

Alcohol consumption 19 (48.72%) 148 (39.05%) 1.118 0.069

Smoking 30 (76.92%) 101 (26.65%) 1.093 0.007

Hypertension 20 (51.28%) 172 (45.38%) 1.239 0.074

Diabetes 19 (48.72%) 88 (23.21%) 1.187 0.023

Hyperlipidemia 8 (20.51%) 71 (18.73%) 1.216 0.089

Oral/nasal tracheal intubation 18/21 23/356 1.128 0.002

Type of surgery 2.066 0.054

Abdominal surgery 13 (33.33%) 118 (31.13%)

Ear, nose and throat surgery 10 (25.64%) 95 (25.07%)

Thoracic surgery 7 (17.95%) 74 (19.53%)

Orthopedic surgery 5 (12.82%) 59 (15.57%)

Neurosurgery 4 (10.26%) 33 (8.71%)

Duration of surgery (minutes) 208.73� 38.52 173.22� 30.94 1.106 0.035

Intraoperative blood infusion 21 (53.85%) 178 (46.97%) 1.218 0.095

Length of hospital stay (d) 5.73� 1.15 5.13� 1.24 1.177 0.102

Table 1. Pathogen distributions in patients with
lower respiratory tract infection.

Pathogens Cases Percent

Gram-positive bacteria 10 26.32%

Staphylococcus aureus 5 13.17%

Streptococcus 2 5.26%

Enterococcus 3 7.89%

Gram-negative bacteria 26 68.42%

Pseudomonas aeruginosa 14 36.84%

Acinetobacter baumannii 5 13.16%

Klebsiella pneumoniae 7 18.42%

Fungus 2 5.26%

Candida albicans 2 5.26%

Total 38 100%

Table 3. Variable assignment of multivariate
logistic regression.

Factors Variable Assignment

Infection Y yes¼ 1, no¼ 2

Age (years) X1 �70¼ 1, <70¼ 2

Smoking X2 yes¼ 1, no¼ 2

Diabetes X3 yes¼ 1, no¼ 2

Nasotracheal

intubation

X4 yes¼ 1, no¼ 2

Duration of

surgery

(minutes)

X5 �180¼ 1, <180¼ 2
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factors of lower respiratory tract infection

(all p< 0.05).

Discussion

General anesthesia for tracheal intubation

is widely used in clinical practice because of

its good anesthesia effect, mild intraopera-

tive response, low physical and mental

trauma to patients, and high level of accep-

tance.17,18 However, postoperative lower

respiratory tract infections are a common

complication after general anesthesia.19 In

clinical nosocomial infections related to

general anesthesia with tracheal intubation,

lower respiratory tract infections account

for more than 70% of cases.20 The process

of tracheal intubation breaks the natural

barriers of the nasal cavity and throat.

These then lose their protection against

external pathogenic infectious agents, caus-

ing the trachea and bronchi of the respira-

tory tract to become vulnerable to exposure

and colonization with bacteria in the oro-

pharynx, which can migrate to the lower

respiratory tract.21 Additionally, general

anesthesia destroys the mucous membrane

of the respiratory tract and produces local

secretions, which can promote bacterial

growth and reproduction.22

With aging, the immune function of the

body gradually weakens and the function of

various organs gradually declines.23 Several

studies24,25 have reported that pathogens

commonly found in the lower respiratory

tract infection after general anesthesia

with tracheal intubation mainly comprise

gram-negative bacteria, which is consistent

with the results of this study. It is particu-

larly important to identify which factors

can increase the risk of lung infection and

take timely measures to treat and prevent

pulmonary infections.26 The results of pre-

vious studies27,28 have shown that in clinical

nosocomial infections related to general

anesthesia for tracheal intubation, lower

respiratory tract infections account for

more than 59% of nosocomial surgical

infections. We have found that the inci-

dence of lower respiratory tract infections

in patients with general anesthesia was

9.33%. A previous study29 found that 48

out of 400 older patients had lower respira-

tory tract infections, with an incidence of

12.0%, which is higher than that of our

results. This difference may be owing to

the different study populations. In the pre-

sent study, we found that age �70 years,

smoking, diabetes, nasotracheal intubation,

and duration of surgery �180 minutes were

independent risk factors of lower respirato-

ry tract infections. Therefore, early inter-

vention is needed for patients who have

these risk factors.
We found that older age was an indepen-

dent risk factor for lower respiratory tract

infection after general anesthesia. Many

studies30,31 have also shown that older age

is an independent risk factor for pulmonary

infection. This may be related to the pro-

gressive loss of functional reserves in vari-

ous organ systems among older patients,

Table 4. Logistic regression analysis of risk factors for lower respiratory tract infection.

Variables b SE OR 95% CI p-value

Age �70 years 0.128 0.119 2.028 1.115–3.646 0.025

Smoking 0.119 0.184 2.314 1.073–4.229 0.039

Diabetes 0.123 0.114 2.185 1.166–4.435 0.033

Nasotracheal intubation 0.131 0.124 3.528 1.104–5.074 0.017

Duration of surgery �180 minutes 0.173 0.306 1.334 1.015–1.923 0.041

SE, standard error; OR, odds ratio; CI, confidence interval.
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which includes changes in the patient’s
heart and lung function as well as changes
in the lung structure, which cause lung elas-
tic recoil to decrease.32 With aging, the
cross-sectional area of the pulmonary cap-
illary bed diminishes, resulting in increased
pulmonary vascular resistance and pulmo-
nary artery pressure.33 These changes
increase the risk of perioperative lung com-
plications in patients.34 At the same time,
the respiratory tract mucosa shrinks in
older individuals, the function of phagocyt-
ic cells is weakened, and the motility of
respiratory tract cilia declines, resulting in
poor mucous clearance and reduced ability
of the respiratory tract to clear pathogenic
bacteria, which can then multiply rapidly in
the respiratory tract.35 Moreover, the
immune function of older people is reduced,
with poor immune system defense and a
weakened immune response to infection.
Tolerance for aggressive operations is low
in older people; thus, lung infections are
more likely to occur in these patients.36

Long-term heavy smoking weakens the
motor ability of bronchial mucosal cilia,
which weakens the capacity for airway
self-purification, stimulates airway glands
to secrete more mucus, and hinders the
function of alveolar phagocytes.37 These
are all related to the high incidence of post-
operative pulmonary infections in patients
who undergo surgery.38 Smoking can also
induce chronic obstructive pulmonary dis-
ease (COPD).39 Quitting smoking for more
than 4 weeks before surgery can alleviate
clinical symptoms in patients with COPD,
reduce pulmonary inflammation, and lower
the incidence of postoperative pulmonary
complications.40 It has been reported that
smoking can increase the incidence of peri-
operative respiratory complications, and
detecting the level of carbon monoxide
exhaled by patients before surgery can
serve to assess their risk of perioperative
respiratory complications.41 Quitting smok-
ing 48 hours before surgery can reduce the

Hamilton Anxiety Rating Scale score and
the need for anesthetic drugs, improve
patient comfort, reduce the level of nicotine
in the blood, and gradually improve muco-
ciliary function and airway hypersensitivi-
ty.42,43 Therefore, it is important for
patients who are smokers and require sur-
gery to quit smoking prior to undergoing
any surgical procedure.

Many clinical factors can cause lower
respiratory tract infections in patients
after general anesthesia. Previous stud-
ies44,45 have shown that damage to the
lower respiratory tract mucosa after trache-
al intubation and interaction between the
lower respiratory tract and the exterior
environment are the main causes of
lower respiratory tract infections in
postoperative patients. P. aeruginosa,
Acinetobacter baumannii, Klebsiella pneu-
moniae, Staphylococcus aureus, and
Streptococcus pneumoniae are common
causative agents of lower respiratory tract
infections, and different strains have differ-
ent levels of resistance to antibiotics.46 In
clinical practice, antibiotics should be used
rationally in accordance with the results of
testing and characteristics of the causative
pathogen. Diabetes can cause metabolic
disorders in the body and increase the risk
of complicated infections.47 Such infections
can easily induce cardiac insufficiency, lead
to respiratory and circulatory failure, and
affect the patient’s prognosis.48

The advantages of oral endotracheal
intubation are that it is a simple and rapid
procedure, with minimal trauma, thorough
sputum and mucus excretion, and a low risk
of complications.49 However, the disadvan-
tage is that the patient may not tolerate
intubation and must be extubated early.50

The indwelling time with oral intubation is
short; however, performing oral care is
inconvenient, and it is impossible to eat.
The advantages of nasal endotracheal intu-
bation are that it is especially suitable for
patients who are awake,51 is easy to
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tolerate, and can remain in place for a long
time. Nasal intubation is more convenient
for performing oral care, but sputum suc-
tion is not easy and strict airway manage-
ment is required.52 With a greater amount
of secretions, the tube can easily become
blocked; the incidence of infection-related
complications is high; and the intubation
procedure time is relatively long, which
can easily cause hypoxia.53 Both oral endo-
tracheal intubation and transnasal endotra-
cheal intubation have their own advantages
and disadvantages. In the intensive care
unit, the patient should be treated accord-
ing to the patient’s state of consciousness,
volume of respiratory secretions, and the
severity of disease.54,55

For patients undergoing general anesthe-
sia for tracheal intubation in clinical prac-
tice, management of the respiratory tract is
particularly important. For risk factors of
lower respiratory tract infection, preopera-
tive education among medical professionals
should be improved, patients who smoke
should quit smoking before surgery, and
patients should be trained in breathing
and coughing to increase vital capacity.56

Furthermore, improving oropharyngeal
care is necessary prior to surgery, according
to the pH value of the patient’s oral cavity.
If necessary, local antibacterial treatment or
sterilization of the oropharynx may be car-
ried out.57 Additionally, it is necessary to
strictly follow anesthesia and intraoperative
procedures and conduct regular training of
anesthesiologists. Individualized anesthesia
and surgical treatment plans should be
developed for different patients, which
include ways to avoid deep intubation and
repeated intubation so as to perform timely
extubation.58 Sputum suctioning as needed
is essential to prevent pulmonary infection.
Postoperative care should be strengthened;
patients should be instructed in how best to
cough and expectorate, and if necessary,
family members should be taught how pat
the patient’s back to promote sputum

production. Patients must also be encour-
aged to get out of bed as soon as possible
to prevent the occurrence of pneumonia.59

This study has certain limitations that
must be addressed. The patients included
in this study were limited to those undergo-
ing general anesthesia at our hospital
during the past year. The case dataset was
small and the sample size was relatively lim-
ited. We did not find differences for the risk
of infection and types of surgery, which
may be because the sample size was not suf-
ficiently powered to detect group differen-
ces. Multicenter data are needed for further
verification. Additionally, this was a retro-
spective study, and some observational
indicators may not have been included.
Potential influencing factors of lower respi-
ratory infection, such as the results of blood
gas analysis or prognostic indicators,
should be included in future studies.

Conclusions

The results of our study showed that in
older patients who received general anesthe-
sia, age �70 years, smoking, diabetes, naso-
tracheal intubation, and duration of
surgery �180 minutes were the independent
risk factors of lower respiratory tract infec-
tion. In clinical practice, medical health
care providers should focus on the risk fac-
tors related to pulmonary complications
after general anesthesia, formulate reason-
able plans on the basis of these risk factors,
and adopt targeted treatment strategies and
nursing care to reduce the risk of pulmo-
nary complications after surgery.
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