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Background: Postoperative pneumonia is the main infectious complication following cardiac surgery and
is associated with significant increases in morbidity, mortality and health care costs. The aim of this study
was to identify potential risk factors related to the occurrence of postoperative pneumonia in adult patients
undergoing cardiac surgery and to develop a predictive system.

Methods: Adult patients who underwent open heart surgery in our institution between 2016 and 2019 were
enrolled in this study. Preoperative and intraoperative variables were collected and analyzed. A multivariate
prediction model for evaluating the risk of postoperative pneumonia was established using logistic regression
analysis via forward stepwise selection, and points were assigned to significant risk factors based on their
regression coefficient values.

Results: Postoperative pneumonia occurred in 530 of the 5,323 patients (9.96%). Prolonged stays in the
postoperative intensive care unit (ICU) and hospital, as well as higher mortality (25.66% versus 0.65%),
were observed in patients with postoperative pneumonia. Multivariate analysis identified 13 independent
risk factors including patient demographics, comorbidities, cardiac function, cardiopulmonary bypass (CPB)
duration, and blood transfusion. The prediction model showed good discrimination (C-statistic: 0.80) and
was well calibrated (Hosmer-Lemeshow 3'=7.907, P value =0.443). A 32-point risk score was generated, and
then three risk intervals were defined.

Conclusions: We derived and validated a prediction model for postoperative pneumonia after cardiac
surgery incorporating 13 easily discernible risk factors. The scoring system may be helpful for individualized

risk estimations and clinical decision-making.
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Introduction

Postoperative pneumonia is the most common infection
following cardiac surgery and is strongly related to increased
risks of morbidity, mortality, prolonged intensive care
unit (ICU) and hospital stay (1,2). Consequently, resource
utilization and total treatment costs are also significantly
augmented (3,4). The incidence of postoperative pneumonia
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differs substantially in various studies, with reported rates
of 2.1-21.6% (5,6), and evidence suggests that the real
incidence may be underreported (7).

The characteristics of patients undergoing cardiac
surgery have changed over the years. Despite considerable
progress in surgery and anesthesia, increasing aging
populations with multiple comorbidities and the emergence
of antibiotic-resistant pathogens have obviously increased
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the proportion of patients at a higher risk for postoperative
pneumonia (8-10). Several risk factors for pneumonia after
cardiac surgery have been identified, such as a reduced
pulmonary reserve and poor cardiac function. However,
numerous studies were based on small samples and narrow
patient selection, and most published literature were
nearly a decade old or more (5,11-13). Furthermore,
the vast majority of published studies were conducted in
developed countries, especially in the United States and
Europe. Studies from developing countries that make up
the majority of the world’s population are rare. Risk factors
for postoperative pneumonia following cardiac surgery may
vary with relationship to the medical background of the
patient. Thus, more evidence on risk factors for pneumonia
after cardiac surgery is still needed.

The aim of this study was to identify potential predictors
for the development of pneumonia in patients undergoing
cardiac surgery and to derive and validate a risk prediction
model to decrease the incidence of postoperative pneumonia
by reasonable prevention and effective treatment.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3586).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Tongji Medical
College of Huazhong University of Science and Technology
(IORG No. IORG0003571) and individual consent for this

retrospective analysis was waived.

Study population

We conducted a retrospective, observational study
including consecutive adult patients following open heart
surgery between January 2016 and December 2019 at
our institution, a tertiary care center located in Wuhan,
China. All patients were ventilated using a lung protective
ventilation strategy (tidal volume was 6-8 mL/kg, driving
pressure was 15 cmH,O, and positive end-expiratory
pressure was 5 cmH,0). Patients with the following
conditions were excluded from this study: (I) acquired
pneumonia within 2 weeks prior to surgery; (II) organ
transplantation, immune deficiency, or immunosuppression;
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(IIT) death or discharge within 48 hours after surgery; and
(IV) incomplete medical record data.

Data collection

Clinical data were collected using the electronic medical
records management system of the hospital. Preoperative
variables included demographics [sex, age, height, weight,
body mass index (BMI), history of smoking and alcohol
consumption], comorbidities [hypertension, diabetes
mellitus, chronic obstructive pulmonary disease (COPD),
cerebrovascular disease, peripheral vascular disease, renal
disease, atrial fibrillation, gastrointestinal tract disease,
general and cardiac surgical history], cardiac anatomy and
function [New York Heart Association (NYHA) class,
left ventricular ejection fraction, and the diameters of
the four chambers], and laboratory values. Intraoperative
variables included surgical type, blood transfusion,
cardiopulmonary bypass (CPB) time, and aortic cross
clamp time. Postoperative variables included the lengths of
mechanical ventilation, ICU and hospital stay, reintubation,
tracheotomy, mortality, and etiological examination.

A history of smoking was defined as current or previous
daily smoking. A history of alcohol consumption (consumption
>20 g/day or >140 g/week) was defined as alcohol consumption
at least once a week over a year, current alcohol consumption,
or quitting for less than three years. Hypertension was defined
as blood pressure >140/90 mmHg, previous diagnosis of
hypertension, or use of antihypertensive medication. Diabetes
mellitus was defined as fasting glucose >7.0 mmol/L, random
glucose >11.1 mmol/L, previous diagnosis of diabetes mellitus,
or use of diabetic medication. COPD was defined as FEV1/
FVC <0.7. Renal insufficiency was defined as serum creatinine
>110 pmol/L or previous diagnosis of renal insufficiency.
Hypoalbuminemia was defined as albumin <35 g/L. Anemia
was defined as hemoglobin <120 g/L for men or <110 g/L for
women. BMI was calculated as weight in kilograms divided by
the square of the height in meters.

Definition

The diagnostic criteria for pneumonia were defined
according to the American guidelines (14,15). In this study,
postoperative pneumonia was considered clinically present
when new and/or progressive pulmonary infiltrates were
identified on chest radiographs or computed tomography
in conjunction with two or more of the following criteria:
fever (>38 °C) without other identifiable causes, leukocytosis
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(>12x10%/L) or leukopenia (<4x10°/L), and purulent
secretions. The microbiological etiology of postoperative
pneumonia was mainly identified by semiquantitative
cultures from endotracheal aspiration of lower respiratory
tract secretions or sputum with an initial microscopic
examination combined with quantitative bacterial cultures.

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS
Statistics, version 24). Univariate analysis was first conducted
to initially screen possible risk factors for pneumonia after
cardiac surgery. Continuous variables were expressed as
means * standard deviations and analyzed by Student’s
t-test when normally distributed. Those that were skewed
were presented as medians (Q1, Q3) and compared by non-
parametric tests. Categorical variables were presented as
counts with percentages and analyzed by the chi-square test
or Fisher’s exact test. Factors screened by univariate analysis
were then entered as candidate variables into a forward
stepwise multivariate logistic regression model to identify
independent risk factors. A simplified point-based prediction
rule was developed from the regression model with each
regression coefficient divided by the smallest coefficient and
rounded to the nearest integer to obtain the weighted value.
Continuous variables were dichotomized in the final model
based on clinical relevance, cutoff values used in previous
studies, and statistical significance, to assign risk points and
achieve better clinical application. A composite risk score
was then generated by the sum of individual risk points. The
calibration of the model was evaluated using the Hosmer-
Lemeshow test for goodness of fit and the discrimination
was assessed through the area under the receiver operating
characteristic curve. We internally validated the model by
bootstrapping using 1,000 replications. Bootstrapping allows
internal validation of prediction models by repeated sampling
with replacement from the original dataset. Survival analysis
adopted Kaplan-Meier method. A consort diagram has been
provided (Figure ).

Results
Demographic characteristic

A total of 5,323 adult patients who underwent cardiac
surgery were enrolled in this study including 3,001 males.
The mean age was 51.18+12.92 years. The incidence
of postoperative pneumonia was 9.96%, which mainly
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developed in the first postoperative week (87%), with a
median time of 4 [2, 5] days (Figure S1).

Of the 5,323 operations, more than half (2,897 cases)
were performed for isolated valve replacement or repair,
11% (591 cases) for isolated coronary artery bypass
grafting (CABG), 9% (481 cases) for mixed valve surgery
and CABG, 17% (904 cases) for aortic surgery, and 8%
(450 cases) for other types. Blood products were used
in 83% (4,401 cases) of the procedures, and the median
duration of CPB was 105 [78, 142] minutes.

The patients constituting this study population had
different medical histories and underlying diseases.
According to the NYHA class, 876 patients (16%) were
considered class III-IV. A history of smoking was noted in
1,548 patients (29%), alcohol consumption in 1,174 patients
(22%), previous cardiac surgery in 376 patients (7%),
hypertension in 1,604 patients (30%), diabetes mellitus
in 438 patients (8%), COPD in 557 patients (10%), atrial
fibrillation in 912 patients (17%), renal insufficiency in
524 patients (10%), and pulmonary artery hypertension in
1,390 patients (26%).

Risk factors and the prediction model

Univariate analysis was used to analyze potential risk
factors for the development of postoperative pneumonia
and showed that many aspects, including demographics,
comorbidities, cardiac anatomy and function, laboratory
values, operative time, and blood transfusion, were
significantly different between patients with and without
postoperative pneumonia (1able I).

In the multivariate analysis, 13 independent risk factors
for postoperative pneumonia were identified, including
age >60 years, hypertension, diabetes mellitus, smoking
history, COPD, BMI >24 kg/m’, renal insufficiency, heart
surgery history, NYHA class III-IV, preoperative anemia,
hypoalbuminemia, CPB time >120 minutes and blood
transfusion (7able 2). Odds ratios with corresponding 95%
confidence intervals (Cls) and assigned points are presented.
A simplified point-based risk score used to predict the risk
of postoperative pneumonia was then generated (Figure 2).
There were 32 possible points in the composite risk index,
with scores ranging from 0 to 27 in this study with a median
of 9 [6, 13]. The predicted rate of postoperative pneumonia
ranged from 0.61% for those with a score of 0, to 93.4% for
those with a score of 32.

The occurrence of pneumonia after cardiac surgery
could be accurately predicted with the model as the
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Adult patients undergoing open
heart surgery between 2016-2019
(n=5,784)

Cases meeting inclusion criteria
(n=5,323)

Excluded:

1. Acquired pneumonia within 2 weeks prior to surgery (n=39)
2. Organ transplantation, immune deficiency or
immunosuppression (n=375)

3. Death or discharge within 48 hours after surgery (n=6)

4. Incomplete medical record data (n=41)

Cases with postoperative
pneumonia (n=530)

Cases without postoperative
pneumonia (n=4,793)

Data classification

Categorical variables

Continuous variables

Chi-square test or
Fisher’s exact test

Student’s t-test or
non-parametric tests

P<0.1?

Yes

Multivariate logistic
regression analysis

Point-based risk score

Discrimination Internal validation

Calibration

Figure 1 Consort diagram of the study. The flow of subjects from enrollment to data analysis is shown.

C-statistic was 0.80 (95% CI, 0.79-0.82), demonstrating
good discrimination. The correlation between the expected
and observed numbers of postoperative pneumonia events
was high (r=0.99), indicating good calibration (Hosmer-
Lemeshow y’=7.907, P value =0.443). The calibration was
also good by visual inspection. Our risk score outperformed
Kilic’s risk score (C-statistic: 0.69; 95% CI, 0.67-0.71) and
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Allou’s risk score (C-statistic: 0.57; 95% CI, 0.54-0.60) in
predicting postoperative pneumonia (P<0.001; Figure 3).
We also internally validated the discrimination of this
model using the bootstrapping method (1,000 replications).
Finally, three optimal risk intervals were identified as
low (<11 points), medium (11-15 points) and high risk
(=16 points) for postoperative pneumonia according to the
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Table 1 Univariate analysis of possible risk factors for postoperative pneumonia in patients undergoing cardiac surgery
Characteristics p\:]v::g;tngo:i?%zdz;) pxﬁ;gﬂ:i\fggﬁ;}) QOdds ratio (95% Cl) P value
Demographics
Male 2,636 (55.0) 365 (68.9) 1.810 (1.493, 2.194) <0.001
Age (years) 50.54+12.91 56.95+11.43 1.046 (1.037, 1.054) <0.001
BMI (kg/m?) 23.0 (20.8, 25.4) 24.0 (21.5, 26.5) 1.082 (1.054, 1.110) <0.001
Smoking history 1,311 (27.4) 237 (44.7) 2.148 (1.790, 2.579) <0.001
History of alcohol consumption 1,005 (21.0) 149 (28.1) 1.765 (1.451, 2.145) <0.001
Medical history and comorbidities
Hypertension 1,321 (27.6) 283 (53.4) 3.011 (2.510, 3.613) <0.001
Diabetes mellitus 367 (7.7) 71 (13.4) 1.865 (1.422, 2.448) <0.001
COPD 477 (10.0) 80 (15.1) 1.609 (1.245, 2.078) <0.001
Atrial fibrillation 828 (17.3) 84 (15.8) 0.902 (0.706, 1.152) 0.408
Cerebrovascular disease 1,580 (33.0) 232 (43.8) 1.583 (1.320, 1.899) <0.001
Peripheral vascular disease 1,996 (41.6) 262 (49.4) 1.370 (1.145, 1.640) 0.001
Renal insufficiency 364 (7.6) 160 (30.2) 5.262 (4.248, 6.517) <0.001
Gastrointestinal tract disease 394 (8.2) 53 (10.0) 1.241 (0.917, 1.678) 0.161
Heart surgery history 304 (6.3) 72 (13.6) 2.321 (1.765, 3.054) <0.001
General surgery history 1,339 (27.9) 158 (29.8) 1.096 (0.900, 1.334) 0.362
Cardiac anatomy and function
Pulmonary artery hypertension 1,276 (26.6) 114 (21.5) 0.755 (0.608, 0.938) 0.011
Pericardial effusion 660 (13.8) 96 (18.1) 1.385 (1.094, 1.754) 0.007
Diameter of the left atrium (cm) 4.2 (3.6, 5.0) 4.1 (3.6, 4.9) 0.980 (0.900, 1.066) 0.275
Diameter of the left ventricle (cm) 5.0 (4.5,5.7) 5.0 (4.5, 5.7) 1.007 (0.921, 1.102) 0.900
Diameter of the right atrium (cm) 3.8(3.5,4.4) 3.8(3.9,4.4) 1.082 (0.981, 1.192) 0.270
Diameter of the right ventricle (cm) 3.6 (3.3, 4.0 3.3(3.7,4.1) 1.057 (0.935, 1.196) 0.061
Ejection fraction (%) 62 [58, 66] 60 [57, 65] 0.972 (0.962, 0.983) <0.001
NYHA class IlI-IV 746 (15.6) 130 (24.5) 1.763 (1.425, 2.181) <0.001
Laboratory values
Albumin (g/L) 40.7 (38.4, 43.0) 39.6 (37.0, 41.8) 0.905 (0.885, 0.925) <0.001
Globulin (g/L) 24.0 (21.5, 26.8) 25.0 (22.4, 27.6) 1.035 (1.015, 1.055) 0.001
White blood cell (x10%/L) 5.7 (4.7, 6.8) 5.9(4.7,7.2) 1.178 (1.144, 1.212) <0.001
Red blood cell (x10"/L) 4.3 (3.9, 4.6) 4.1 (3.7,4.5) 0.618 (0.527, 0.726) <0.001
Hemoglobin (g/L) 130 [119, 140] 126 [113, 138] 0.991 (0.987, 0.996) 0.002
Platelet (x10%L) 181 [147, 222] 169 [133, 216] 0.995 (0.993, 0.996) <0.001
Operative variables
CPB time (minutes) 102 [77, 135] 154 [109, 212] 1.013 (1.011, 1.014) <0.001
Aortic cross clamp time (minutes) 67 [45, 91] 93 [65, 128] 1.015 (1.013, 1.017) <0.001
Blood transfusion 3,891 (81.2) 510 (96.2) 5.911 (3.759, 9.295) <0.001

BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; NYHA,

New York Heart Association.
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Table 2 Multivariate analysis of independent risk factors for postoperative pneumonia in patients undergoing cardiac surgery, with corresponding

point values

Characteristics

Odds ratio (95% Cl)

Age >60 years
Hypertension
Diabetes mellitus
Smoking history
COPD

BMI >24 kg/m®
Renal insufficiency
Heart surgery history
NYHA class Ill-IV
Preoperative anemia

Hypoalbuminemia

1.984 (1.617-2.435)
1.787 (1.447-2.208)
1.378 (1.015-1.871)
1.689 (1.380-2.068)
1.422 (1.070-1.889)
1.274 (1.039-1.562)
2.670 (2.095-3.402)
2.544 (1.872-3.456)
1.447 (1.146-1.826)
1.617 (1.186-2.205)
1.347 (1.003-1.809)

CPB time >120 minutes 2.622 (2.133-3.223)

Blood transfusion 3.531 (2.212-5.636)

Constant 0.006

P value Coefficient (B) Point value
<0.001 0.685 3
<0.001 0.581 2
0.040 0.321 1
<0.001 0.524 2
0.015 0.352 1
0.020 0.242 1
<0.001 0.982 4
<0.001 0.934 4
0.002 0.369 2
0.002 0.481 2
0.047 0.298 1
<0.001 0.964 4
<0.001 1.262 5
<0.001 -5.094

BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; NYHA,

New York Heart Association.
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Figure 2 Predicted risk of postoperative pneumonia in adult
patients who underwent cardiac surgery based on the 32-point risk

score and the comparison with the observed probabilities.
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Figure 3 Receiver operating characteristic curve drawn using
the 32-point risk score (C-statistic: 0.80; 95% CI, 0.79-0.82) and
the comparison with Kilic’s risk score (C-statistic: 0.69; 95% CI,
0.67-0.71) and Allou’s risk score (C-statistic: 0.57; 95% CI, 0.54—
0.60). The 32-point score outperformed both of the two models
(P<0.001). CI, confidence interval.
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Table 3 Postoperative pneumonia risk score: distribution of patients and rates by intervals

Risk intervals Low risk (<11 points)

Medium risk (11-15 points)

High risk (=16 points)

No. (%) 3,209 (60.29)

Rate, % (95% Cl) 2.93 (2.35-3.51)

1,509 (28.35) 605 (11.36)

14.84 (13.05-16.64) 35.04 (31.23-38.85)

Cl, confidence interval.

Table 4 Pathogenic microorganisms isolated from patients with
postoperative pneumonia

Microorganisms No. n=825 (%)

Acinetobacter baumannii 305 (36.97)
Klebsiella pneumoniae 157 (19.03)
Pseudomonas aeruginosa 91 (11.03)
Staphylococcus aureus 135 (16.36)
Other bacteria 132 (16.0)

Fungi 5(0.61)

Polymicrobial 182 (34.34)

simplified risk score and clinical practice (Zable 3).

Etiology

The microorganisms isolated and cultured from patients
with postoperative pneumonia are summarized in Table 4.
Acinetobacter bawmannii and Klebsiella pneumoniae were the
most common pathogens, followed by Staphylococcus aureus
and Pseudomonas aeruginosa. Many fungi were also isolated
in the present study. Polymicrobial pneumonia (pneumonia
due to two or more pathogens) was found in 34.34% of the
patients.

Outcome

Mechanical vendlation was discontinued in 81% of the patients
in the first two days after surgery, but the duration differed
substantially between patients with and without postoperative
pneumonia. The median time of mechanical ventilation in
patients without postoperative pneumonia was 22 [18, 39]
hours, and the removal rate of the endotracheal tube was 89%
within the first two days. However, the corresponding values
in patients with postoperative pneumonia were significantly
different at 125 [69, 223] hours and 15%, respectively. The
overall mortality rate was 3.14% and increased significantly in
patients with postoperative pneumonia (25.66%). Obviously
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increased risks of reintubation, tracheotomy, prolonged
ICU and hospital stay were also observed in patients with
pneumonia compared to patients without that. Details of the
comparison are presented in Table SI.

Discussion

Postoperative pneumonia has been well recognized as an
important cause of morbidity, mortality and increased
health care costs (14,16), which was reaffirmed by the
results of this study. The observed incidence of pneumonia
in this study was 9.96%, which falls within the previously
reported range (17). Gram-negative bacteria predominated
in the development of postoperative pneumonia, with A4.
baumannii, K. pneumoniae and P. aeruginosa being the most
common species. Gram-positive organisms such as S. aureus
and fungi such as C. albicans also played important roles,
similar to previous findings (10). The overall mortality
rate was similar to those reported in other studies (18,19).
However, mortality among patients with pneumonia was
much higher than that among patients without pneumonia,
which is consistent with published papers (2), emphasizing
the need to identify risk factors and high-risk patients.

In this study, we used data from 5,323 patients who
underwent cardiac surgery at our institution to derive and
validate a multivariate prediction model for postoperative
pneumonia. Thirteen readily obtainable risk factors
were identified, and a simplified 32-point risk score was
generated. Then, three risk intervals were identified as low-,
medium- and high-risk.

Several prediction rules for pneumonia after cardiac
surgery have been developed in the United States and
Europe (6,9,20-22), but no one has been widely recognized
so far. More evidence should be provided on risk factors for
pneumonia after cardiac surgery, especially in developing
countries. As one of the biggest developing countries, it is a
pity that there is not yet a high-quality study in this area in
China, whose population accounts for about one-fifth of the
world’s population. This work may contribute significantly
as it’s the first large-scale study to develop and validate a
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clinical risk score for postoperative pneumonia after cardiac
surgery conducted in China.

Independent risk factors for pneumonia after cardiac surgery
identified in different studies vary considerably, which may be
attributed to differences in the population characteristics and
the definition used for clinical diagnosis (1). Several patient
characteristics and comorbidities identified as independent
risk factors in our analysis have been reported in published
literature. Strobel and colleagues conducted a prospective
study among 16,084 consecutive patients at 33 centers in
Michigan from 2011 to 2014 and developed a risk model
(C-statistic: 0.74) for pneumonia after CABG utilizing 17
preoperative predictors (21). A 3.3% incidence of pneumonia
was observed, and demographics and comorbidities, including
advanced age, smoking, diabetes, low hematocrit, chronic
lung disease and poor cardiac function, were considered
relevant to an increased risk of postoperative pneumonia.
Kilic and colleagues derived and validated a 33-point risk
score for pneumonia after cardiac surgery in 6,222 patients,
and 3 preoperative predictors (age >65 years, chronic lung
disease and peripheral vascular disease) were incorporated (20).
The overall rate of postoperative pneumonia was 4.5%, and
the predictive ability was reliable in both the derivation dataset
(C-statistic: 0.72) and the validation dataset (C-statistic:
0.76). Kinlin and colleagues identified smoking, COPD and
high levels of serum creatinine as significant preoperative
risk factors for pneumonia after CABG in their model (the
C-statistics for derivation and validation datasets were 0.78 and
0.75, respectively) among 17,143 patients at 32 hospitals in
6 states from 1999 to 2004 (6). Hortal and colleagues reported
a predictive preoperative risk score for pneumonia after
cardiac surgery in a prospective study among 1,844 patients
between 2003 and 2006; the risk score comprised factors such
as age >70 years, previous cardiac surgery, NYHA class IV,
and a creatinine level >1.5 mg/dL (9). The overall incidence
of postoperative pneumonia in their study was 5.7%, and
in patients requiring mechanical ventilation for longer than
48 hours, the incidence increased to 45.9%.

CPB is known to decrease pulmonary compliance, increase
the likelihood of atelectasis, and contribute to pulmonary
dysfunction by inducing systemic inflammatory responses
and ischemia reperfusion injuries (23). As expected, a longer
length of CPB was identified as an independent risk factor for
postoperative pneumonia in our analysis, which is consistent
with most existing research results (1). Allou and colleagues
found that the duration of CPB was positively associated with
the risk of postoperative pneumonia, and the risk increased
2.98-fold under the interaction of intraoperative transfusion
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of red blood cells and a CPB duration >60 minutes (24).
Kilic and colleagues reported a 1.71-fold increase in the
odds of pneumonia among patients who underwent CPB for
more than 100 minutes (20). The use of minimally invasive
CPB has been reported to be associated with improved
clinical outcomes, and more efforts should be focused on the
improvement of circulatory support techniques (25,26).

Another independent risk factor identified in this study was
blood transfusion. Although transfusion of blood products
during cardiac surgery is a common practice and can be
lifesaving, increasing evidence indicates that blood transfusion
can have adverse clinical effects (27-30). Likosky and
colleagues conducted a prospective, contemporaneous cohort
study to explore the relationship between blood transfusion
and pneumonia after CABG among 16,182 patients at
33 medical centers in Michigan from 2011 to 2013. The
results showed that patients receiving blood transfusion had
3.4-fold increased odds of postoperative pneumonia, and
these odds increased substantially with each additional unit of
red blood cells transfused (31). Another study reported that
limiting perioperative blood transfusion not only decreased
the risk of adverse postoperative events such as postoperative
pneumonia and death but also enormously reduced health
care costs, and restricted blood transfusion was implemented
by LaPar and colleagues among 14,259 patients undergoing
CABG at 17 different cardiac centers from 2006 to 2010 (32).

The relationship between allogeneic blood transfusion
and postoperative pneumonia can be partially explained
by changes in immune function (33,34). Longer storage of
transfused blood products was also reported to be associated
with an increased risk of postoperative pneumonia as
well as poorer outcomes, which may be explained by the
reduced oxygen-carrying capacity and transfusion-related
inflammatory reactions (35-38). Specific recommendations
have been provided in several clinical practice guidelines,
and a restrictive transfusion strategy should be especially
recommended to decrease the incidence of postoperative
pneumonia and improve prognosis (39-41). Furthermore,
studies aiming to identify alternative therapies or focusing
on comparisons of the different outcomes between
homologous and autologous transfusion may be a novel
direction for future research (42).

Some other preoperative risk factors were identified in
previously published studies that were not included in our
model, such as cerebrovascular disease, peripheral vascular
disease, weight loss, atrial fibrillation, ulcerative disease, right
ventricular systolic pressure, and several laboratory values
(6,20,21,43-46). Numerous clinical trials have shown that
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prolonged mechanical ventilation substantially increases
the risk of postoperative pneumonia (9,22,47,48), which is
associated with damage to the defense mechanism of the
respiratory system caused by endotracheal intubation (49).
The incidence of postoperative pneumonia was reported to
increase by 1-3% if mechanical ventilation was extended
by 1 day; thus, early extubation should be performed if
conditions permit (50,51). Indeed, a significant difference in
the mechanical ventilation duration existed between patients
with and without postoperative pneumonia in our results,
and the duration was relatively long compared with durations
reported in the literature (6,8,44,45), which may partly
account for the high incidence of postoperative pneumonia.
However, the duration of mechanical ventilation was not
incorporated into our risk model because of its nature as a
postoperative variable and because this parameter cannot be
assessed very early. Nevertheless, as a modifiable factor, the
mechanical ventilation duration could have been shorter if a
more rigorous ventilation strategy had been implemented and
will certainly be an important aspect that can be improved in
our future clinical practice. Reintubation was also reported
as a risk factor for postoperative pneumonia in several studies
(45,52,53), but we found that most operations were carried
out after the emergence of pneumonia, which was also one of
the reasons why we excluded it from our analysis.

The prediction model may play an important role
in risk stratification and identification of high-risk
populations. Appropriate preventive measures and specific
interventions focusing on high-risk patient subsets may
be more efficient. Guidelines for the management of
postoperative pneumonia (14,16) are available, and several
measures have been reported to be effective in reducing the
occurrence of postoperative pneumonia, such as subglottic
secretion drainage (54,55), oropharyngeal nursing with
chlorhexidine (56), respiratory physiotherapy (57), silver-
coated endotracheal tubes (58) and selective digestive
decontamination (59). Nevertheless, some of these means
are laborious, time consuming and expensive, which
would certainly lead to a substantial waste of medical staff
labor and resources if these techniques are applied to all
patients without selection. Instead, adequate prevention
and treatment targeting patients in the higher risk category
identified by our risk model may be a better clinical strategy.
In addition, the score can play a certain guiding role in the
communication between doctors and patients, which is an
important part of modern medical activities that cannot
be underestimated. The most fearful thing for patients
and their families is their ignorance of the condition, but
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a simple and intuitive risk score can help them understand
the risk of postoperative pneumonia more easily and reduce
their psychological stress.

Limitations

Some limitations of this study should be mentioned. Our
prediction model originated from a retrospective study
based on experiences in a single institution, which may
restrict its wide application to other centers. Therefore,
external validation should be performed to verify our
conclusion before the model is conventionally used in
clinical practice. Furthermore, although the ratio of
sample-to-candidate variables was greater than 10, the
number of samples included in this study may be considered
relatively small, and a prospective multicenter study with
a large sample size is required in future work. Undeniably,
a certain degree of subjectivity and variability existed in
the clinical diagnosis of postoperative pneumonia despite
the standardized diagnostic criteria being established
before the start of the study, which may have resulted
in underestimation or overestimation of our real rate of
postoperative pneumonia. In addition, some variables that
may affect the incidence of postoperative pneumonia, such
as the operation type and drug use, were not included in
our analysis. Finally, for convenient comparison and score
allocation, all variables eventually included in the model
were dichotomized, which may have resulted in the loss of
some individual information.

Conclusions

In this study, postoperative pneumonia was a prevalent
complication related to an increased risk of mortality in
patients undergoing cardiac surgery. We developed and
validated a prediction model for pneumonia after cardiac
surgery using 13 independent risk factors and created
three risk intervals based on a 32-point risk score. The
prediction rule performed well in terms of both calibration
and discrimination, and we believe that it has good clinical
utility as the incorporated variables are easily obtainable and
the risk stratification allows better targeted interventions to
reduce the incidence of postoperative pneumonia in higher-
risk patients.
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