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ABSTRACT

Background: Postoperative pneumonia (PP) is a compli-
cation after cardiac surgery. This study aimed to investigate 
the ability of procalcitonin (PCT) variation to diagnose post-
operative pneumonia.

Method: In this prospective observational study, patients 
with PP and age- and sex-matched cases in our center from 
October 10, 2020, to January 31, 2021, were included. Patients 
diagnosed with PP in this study met both clinical and micro-
biological diagnostic criteria. Blood samples were collected in 
all patients from the first postoperative day (POD1) to POD5 
to measure PCT, white blood cells (WBCs), and C-reactive 
protein (CRP). PCT variation was calculated by the equation: 
(PCTdelayed – PCTPOD1)/PCTPOD1. The receiver oper-
ating characteristic and area under the curve (AUC) analyses 
were used to evaluate the diagnostic performance of different 
biomarkers.

Results: Our study enrolled 272 patients, including 24 
patients with PP and 248 age- and sex-matched cases. From 
POD1 to POD5, the absolute value of PCT showed diag-
nostic significance for pneumonia (P < .05), WBC showed no 
differences, and CRP had no diagnostic value until POD4. 
Furthermore, PCT variation showed the best diagnostic 
value among those biomarkers (AUC 0.84, 95% confidence 
interval [CI] 0.71, 0.91). Multivariable logistic regression 
showed that PCT variation on POD2 had significant value to 
predict PP (odds ratio 5.602, 95% CI 2.178, 14.409, P < .01).

Conclusion: Compared with PCT level, WBC count, and 
CRP level, PCT variation had the best diagnostic value in 
predicting PP.

INTRODUCTION

Postoperative pneumonia (PP) is a serious complication 
after cardiac surgery with cardiopulmonary bypass (CPB) 
[Kinlin 2010]. Mortality, duration of hospital stay, and costs 
significantly increased in patients with cardiac surgery com-
plicated by PP [Kinlin 2010; Torres 2017; Jiang 2018; He 
2014]. Early diagnosis can effectively improve the prognosis 
of those patients [Wallgren 2016; Weiss 2014]. Therefore, it 
is very important to find a biomarker that can diagnose PP 
early.

Levels of procalcitonin (PCT), white blood cell (WBCs), 
and C-reactive protein (CRP) are routinely used to predict 
postoperative infections in clinical practices [Lee 2017; Rus-
sell 2019; Hu 2017]. However, which of these biomarkers can 
best diagnose PP is controversial. Some studies have reported 
that PCT had better diagnostic performance than WBC 
count or CRP in patients with infections [Tan 2019; Li 2017]. 
However, the clinical symptoms of PP in the early stages 
usually overlap with noninfectious systemic inflammatory 
response syndrome (SIRS) occurring after cardiac surgery 
[Jukica 2015; Heredia-Rodríguez 2017; Pittet 1995]. Because 
PCT is one of the inflammatory mediators involved in SIRS 
and will significantly increase after cardiac surgery [He 2014; 
Wallgren 2016; Weiss 2014], high levels may mislead clini-
cians to predict PP in patients undergoing open-heart sur-
gery. A previous study reported that continuously detected 
PCT might be more helpful to diagnose infections [Spaziante 
2018]. Meanwhile, Li et al [2017] postulated that PCT varia-
tion could diagnose infections early after pediatric heart sur-
gery compared with the absolute value of PCT, WBC count, 
or CRP. Unfortunately, none of these measurements can 
effectively diagnose PP in the first few days after adult car-
diac surgery. We therefore designed this study to evaluate the 
value of PCT variation, absolute PCT, WBC count, and CRP 
for the early diagnosis of PP.

METHODS

The authors declare that all methods were carried out in 
accordance with relevant guidelines and regulations. The 
datasets used during the current study are available from the 
corresponding author on reasonable request.
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Study Design and Settings
This work was based on prospective observational research. 

Ethics approval was obtained from the Medical Ethics Com-
mittee of Affiliated Nanjing Drum Tower Hospital, Nanjing 
University Medical College (2020-249-01), and the study was 
conducted according to the principles in the Declaration of Hel-
sinki. Patients, or their relatives when patients could not consent, 
provided written informed consent to participate in the study.

We included consecutive patients with PP and matched 
the controls at a ratio of 1:10 by age ± 3 years and sex in 
our center from October 10, 2020, to January 31, 2021. A 
total of 272 patients met the eligibility criteria, including 24 
PP patients (PP group) and 248 age- and sex-matched cases 
(non-PP group). Inclusion criteria were shown as follows: (1) 
adult patients (18 to 80 years old) undergoing cardiac surgery 
with CPB; (2) written informed consent to participate in the 
study. Exclusion criteria were (1) preoperative body tempera-
ture ≥38°C, WBCs > 10,000 cells/mm3, or serum PCT >0.5 
ng/mL; (2) patients undergoing cardiac surgery for trauma, 
infective endocarditis, neoplasms, and malignant tumors; (3) 
patients diagnosed with any other infectious diseases (sur-
gical site infection, sepsis, etc.); (4) patients diagnosed with 
inflammatory immune diseases or connective tissue diseases; 
(5) pregnant or lactating women; and 6) patients with missing 
clinical data (because of perioperative death or other reasons).

CPB and Perioperative Management
All surgical operations were performed through a median 

sternotomy. CPB was used in all patients. The ascending aorta 
was cannulated with a size-appropriate cannula. Venous can-
nulations were chosen with separate cannulas in the superior 
and inferior vena cava. The initial volume of the antegrade 
cold blood cardioplegia solution (4:1 cardioplegia solution to 
blood ratio) was twice the volume needed for the cessation of 
all cardiac electrical activity but never <1,000 mL. Cardiac 
arrest was maintained by the retrograde infusion of 300 mL of 
blood cardioplegia solution (8:1 cardioplegia solution to blood 
ratio) every 20 minutes. Occasionally, intermittent antegrade 
cold blood cardioplegia was used according to the surgeon’s 
preferences. Prophylactic antibiotic therapy was given rou-
tinely in the perioperative period to prevent infection.

The first dose of antibiotics was injected intravenously 
within 60 minutes of the incision. Successive doses were admin-
istered every 3 to 4 h during surgery [Engelman 2007]. In addi-
tion, we continued to administer adequate antibiotics in the 
first 48 hours after the operation per guidelines. We routinely 
choose first-generation cephalosporins as prophylactic intrave-
nous antibiotics and use vancomycin when the clinician believes 
it necessary [Engelman 2007; Edwards 2006; Vos 2018].

Biologic Measurements
Blood samples for measurement of serum concentrations 

of PCT, CRP, and WBCs were obtained separately before 
surgery and daily until the fifth postoperative day (POD5). 
PCT was measured with an immunoluminometric assay 
whose detection limit ranged from 0.05 to 25 ng/mL; normal 
value was <0.5 ng/mL. CRP was measured by automatic laser 
nephelometry; normal value was <8 mg/L. WBC count was 

determined with an automatic counter; normal value was 
4,000 to 10,000 cells/mm3. The coefficient of variation of the 
measurements was <5%. Patients underwent sputum culture 
with fiberoptic bronchoscope or alveolar lavage fluid at least 
twice in the first 5 days after surgery and, if necessary, a pleu-
ral effusion culture examination to find pathogenic bacteria.

Reference Diagnostic Criteria
PP was defined when microorganisms were isolated from 

bronchial secretions at least twice (the first microorganism 
obtained on POD2) and the following clinical criteria were 
met [Bone 1992; Calandra 2005]: (1) ≥1 of the following 
symptoms: purulent sputum, auscultation findings suspicious 
of pneumonia or hypoxemia, or body temperature >38°C; and 
(2) infiltrate on chest radiograph.

The final diagnosis of PP was determined by 2 independent 
experts in regard to the complete medical chart. In cases of 
disagreement, a third expert helped reach a consensus. Each 
final diagnosis was classified as microbiologically confirmed, 
probable, possible, or absent [Calandra 1992]. The final diag-
nosis was reached when it was classified as microbiologically 
confirmed by the experts and ruled out when the experts clas-
sified it as absent, probable, or possible. Experts were blinded 
to PCT, CRP, and WBC count. Finally, patients were divided 
into 2 groups: the non-PP group, who did not develop postop-
erative infection within 5 days after surgery; and the PP group, 
who developed pneumonia within 5 days after surgery.

Data Collection
We collected demographic characteristics, preoperative 

diagnosis, surgical methods, extracorporeal circulation time, 
ascending aorta occlusion time, mechanical ventilation time, 
intensive care unit time, hospital stay duration, imaging 
examination results, and microbiological examination results 
through the electronic case system. Serum PCT, CRP, and 
WBC concentrations were also recorded daily until POD5. 
PCT variation was defined by the equation (PCTdelayed – 
PCTPOD1)/PCTPOD1. PCTPOD1 is the value of PCT 
measured on POD1; PCTdelayed is blood PCT concentra-
tion measured on POD2 to POD5. A negative value indicates 
a decrease in PCT concentration.

Sample Size
In this study, we evaluated the diagnostic value of biomarkers 

based on receiver operating characteristic (ROC) curves and area 
under the curve (AUC). Therefore, we calculated the sample size 
required for the study based on AUC using Power Analysis and 
Sample Size (version 15.0). In previous studies, the AUC of PCT 
to diagnose infection ranged from approximately 0.81 to 0.90 [Li 
2017; Klingele 2016]. Therefore, we set the AUC of this study to 
0.85. Considering a 2-sided significance level of 5% (α) and a test 
power of 80% (1 – β), 24 patients with postoperative pneumonia 
would be required. Because we have a 1:10 age and sex match, 
our control group needed at least 240 patients.

Statistic Analysis
IBM SPSS statistical software was used (Statistics for 

Windows, version 26, IBM Corp., Armonk, NY). Normally 
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distributed variables were expressed as mean ± standard devi-
ation and compared using Student’s t test. Nonparametric 
continuous variables were expressed as median (interquartile 
range [IQR]) and compared using Mann–Whitney U test. 
Continuous variables were determined to be normal in distri-
bution by Shapiro–Wilk test. Categorical data were equated 
using χ2 test or Fisher’s exact test.

We used ROC curves and AUC to evaluate the value of 
WBCs, CRP, PCT, and PCT variation in diagnosing PP. For 
infection prediction, cutoff values for WBCs, CRP, and PCT 
were chosen to correspond to the best respective Youden’s 
index calculated as follows: Youden’s index = sensitivity + 
specificity – 1. Results are expressed for AUC as mean and 
95% confidence interval (CI). For additional analyses, all 
covariates (previous cardiac surgery; CPB time; ascending 

aortic occlusion time; mechanical ventilation time; intensive 
care unit stay duration; hospital stay duration; CRP on POD1, 
POD4, and POD5; PCT on POD1, POD2, POD3, and 
POD5; and PCT variation on POD2 to POD5) in univariate 
modeling were entered into a multivariable logistic regres-
sion model, with the likelihood ratio test for forward selection 
designed to assess the independently associated postopera-
tive factors with PP. Collinearity diagnostics were performed 
using tolerance estimates for individual variables in a linear 
regression model. The 2 groups were analyzed using repeat-
measures analysis of variance (ANOVA). Differences between 
2 groups were determined by repeat-measures ANOVA with 
subsequent Bonferroni correction, with P < .05/n considered 
significant. All reported P values are 2 sided, and values of P < 
.05 were considered to indicate statistical significance.

Table 1. Clinical Baseline Data

Variable PP Group (n = 24) Non-PP Group (n = 248) P Value

Age (y) 64 (48, 70) 58 (53, 68) .916

Male sex 15 (62.5) 138 (55.6) .505

Height (cm) 168 (157, 172) 165 (158, 171) .517

Weight (kg) 64 (53, 74) 65 (58, 76) .490

LVEF ≤40% 4 (16.7) 24 (9.7) .252

Type of cardiovascular surgery .251

  Congenital heart surgery 1 (4.2) 16 (6.5)

  Valve surgery 14 (58.3) 166 (66.9)

  CABG 0 2 (0.8)

  CABG + valve surgery 2 (8.3) 18 (7.3)

  Aortic surgery 4 (16.7) 28 (11.3)

  Aortic + valve surgery 2 (8.3) 15 (6.0)

  Other 1 (4.2) 3 (1.2)

Smoking status (yes) 5 (20.8) 35 (14.1) .368*

Drinking status (yes) 1 (4.2) 32 (12.9) .329*

Hypertension 8 (33.3) 101 (40.7) .626

Diabetes mellitus 2 (8.3) 17 (6.8) .678*

Atrial fibrillation 7 (29.2) 59 (23.7) .736

Previous cardiac surgery 4 (16.7) 11 (4.4) .033

CPB time (min) 173 (127, 234) 129 (105, 168) <.001

Aortic cross-clamp time (min) 131 (91, 188) 93 (70, 127) <.001

Mechanical ventilation time (h) 28 (15, 133) 14 (8, 21) <.001

Intensive care unit duration (h) 168 (62, 405) 50 (46, 74) <.001

Hospital stay duration (d) 24 (17, 34) 18 (15, 22) .001

Death 7 (29.2) 4 (1.6) <.001

Data are median (interquartile range) or n (%).

*Fisher’s exact test.

CABG indicates coronary artery bypass grafting; LVEF, left ventricular ejection fraction.
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RESULTS

Patient Characteristics
The study included 272 age- and sex-matched patients, of 

whom 24 were diagnosed with PP (PP group) and 248 with-
out infections were categorized into the non-PP group. No 
significant differences were found regarding age, sex, height, 
weight, left ventricular ejection fraction, type of cardiac sur-
gery, smoking status, drinking status, hypertension, diabetes 
mellitus, or atrial fibrillation. The proportion of patients in 
the PP group with a history of cardiac surgery was higher 
(16.7% versus 4.4%, P = .03). Longer CPB time and ascend-
ing aortic occlusion time were significantly related to the 
occurrence of PP (P < .01). Patients in the PP group used 
mechanical ventilation for a longer time (P < .01), were in 
intensive care for longer (P < .01), and had longer hospital 
stays (P = .01) (Table 1).

WBCs, CRP, PCT, and the Value of PCT Variation in PP 
and Non-PP Patients

There were no significant differences in PCT (median 0.04, 
IQR 0.04 to 0.06 ng/mL versus median 0.04, IQR 0.04 to 0.04 
ng/mL, P = .139), WBCs (median 5.9, IQR 4.5 to 6.6×109/L 
versus median 5.8, IQR 4.7 to 6.9×109/L, P = .659), or CRP 
(median 0.58, IQR 0.02 to 2.12 mg/L versus median 0.65, 
IQR 0.28 to 1.85 mg/L, P = .769) before surgery between the 
2 groups (Table 2). (Patients with WBCs ≥10×109/L or PCT 
>0.5 ng/mL before surgery were excluded.)

Serum PCT in the PP group continued to rise for the first 
2 days after surgery, and the PP group had significantly higher 
PCT levels compared with the non-PP group (P < .01) (Fig. 
1). After Bonferroni correction, the PP group had higher 
PCT during POD2 to POD5 (P < .05/n=5). WBCs peaked 
on POD2 and showed no difference between the 2 groups 
from POD1 to POD5 (P < .01) (Fig. 2); after Bonferroni 

Table 2. Serum Procalcitonin Concentrations and Procalcitonin Variation

Variable PP Group (n = 24) Non-PP Group (n = 248 ) P Value

PCT (ng/mL)

  Preoperative 0.04 (0.04, 0.06) 0.04 (0.04, 0.04) .139

  POD1 12.2 (2.5, 26.0) 3.9 (2.0, 9.5) .032

  POD2 17.2 (3.5, 58.0) 3.2 (1.4, 8.7) <.001

  POD3 9.0 (2.4, 45.3) 2.0 (0.8, 5.9) <.001

  POD4 4.7 (1.3, 24.6) 1.1 (0.4, 2.9) <.001

  POD5 2.4 (0.8, 19.8) 0.6 (0.2, 1.5) <.001

WBCs (×109/L)

  Preoperative 5.9 (4.5, 6.6) 5.8 (4.7, 6.9) .659

  POD1 10.4 (7.9, 14.2) 11.9 (9.5, 14.3) .279

  POD2 12.8 (8.1, 14.6) 13.1 (10.6, 15.5) .167

  POD3 9.9 (8.1, 12.5) 10.2 (8.4, 12.5) .816

  POD4 9.1 (7.3, 11.9) 8.1 (6.5, 9.8) .085

  POD5 8.2 (6.4, 11.2) 7.4 (6.4, 8.1) .133

CRP (mg/L)

  Preoperative 0.58 (0.02, 2.12) 0.65 (0.28, 1.85) .769

  POD1 25.1 (17.4, 43.3) 50.2 (34.2, 68.4) <.001

  POD2 127.2 (94.8, 169.2) 135.0 (100.3, 173.0) .539

  POD3 118.7 (85.8, 180.4) 108.5 (76.3, 142.8) .155

  POD4 97.4 (50.5, 136.2) 66.5 (45.6, 87.7) .022

  POD5 82.2 (38.6, 113.7) 43.3 (31.2, 59.6) <.001

PCT variation

  POD2 to POD1 0.28 (–0.05, 1.41) –0.22 (–0.35, 0) <.001

  POD3 to POD1 0 (–0.45, 0.67) –0.54 (–0.63, –0.38) <.001

  POD4 to POD1 –0.40 (–0.67, 0.01) –0.75 (–0.81, –0.67) <.001

  POD5 to POD1 –0.67 (–0.78, –0.06) –0.86 (–0.89, –0.81) <.001

Data are median (interquartile range).
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correction, there are no differences between the groups (P 
> .05/n=5). From POD1 to POD5, the CRP level of the PP 
group was higher than that of the non-PP group (P < .01) 
(Fig. 3). After Bonferroni correction, CRP showed significant 
differences between the groups on POD1 and POD5 (P < 
.05/n=5). In the PP group, CRP levels were lower on POD1 
(P < .01).

Diagnostic Value of WBCs, CRP, PCT, and PCT Variation
ROC curves showed that the AUCs of PCT on POD2 to 

POD5 and PCT variation from POD2 to POD5 were >0.7 
(Table 3). The PCT variation had the best diagnostic value 

(AUC >0.8) (Fig. 4; Table 3). In particular, PCT variation on 
POD2 predicted PP with an AUC of 0.81 (95% CI 0.70, 0.91, 
cutoff –0.08, sensitivity 0.83, specificity 0.67). Detailed data 
are shown in Table 3.

Multivariate Analysis Between PP and Non-PP Groups
Multivariable logistic regression showed that PCT on 

POD 5, PCT variation on POD 2, aortic cross-clamp time, 
and duration of hospital stay were independently correlated 
with PP. Among them, PCT variation on POD2 was the 
strongest risk factor for PP (odds ratio 5.602, 95% CI 2.178, 
14.409) (Table 4).

Table 3. Comparison of AUC and Efficiency of WBC, CRP, and PCT Levels and PCT Variation in the Diagnosis of Postoperative Infection

Variable AUC (95% CI) Cutoff Sensitivity Specificity

WBCs (×109/L)

  POD1 0.425 (0.295, 0.554) 15.2 0.043 0.817

  POD2 0.394 (0.264, 0.524) 9.6 0.609 0.124

  POD3 0.474 (0.342, 0.606) 15.4 0.174 0.931

  POD4 0.606 (0.464, 0.748) 10.5 0.435 0.839

  POD5 0.589 (0.446, 0.731) 8.45 0.522 0.720

CRP (mg/L)

  POD1 0.266 (0.144, 0.387) 28.3 0.391 0.165

  POD2 0.446 (0.317, 0.575) 136.7 0.304 0.486

  POD3 0.579 (0.446, 0.731) 81.5 0.870 0.307

  POD4 0.65 (0.50, 0.79) 106.7 0.50 0.89

  POD5 0.73 (0.60, 0.87) 70.5 0.67 0.87

PCT (ng/mL)

  POD1 0.63 (0.50, 0.76) 15.6 0.50 0.83

  POD2 0.74 (0.63, 0.85) 8.6 0.67 0.75

  POD3 0.75 (0.65, 0.85) 7.7 0.58 0.82

  POD4 0.76 (0.66, 0.86) 2.7 0.67 0.75

  POD5 0.77 (0.67, 0.87) 1.7 0.67 0.78

PCT variation 

  POD2 to POD1 0.81 (0.70, 0.91) –0.08 0.83 0.67

  POD3 to POD1 0.82 (0.71, 0.92) –0.15 0.71 0.90

  POD4 to POD1 0.83 (0.73, 0.93) –0.57 0.75 0.89

  POD5 to POD1 0.84 (0.73, 0.94) –0.73 0.71 0.91

Table 4. Multivariate Analysis Between the PP and Non-PP Groups

Variable Odds Ratio (95% CI) P Value

PCT on POD 5 1.061 (1.008, 1.116) .022

PCT variation from POD2 to POD1 5.602 (2.178, 14.409) <.001

Aortic cross-clamp time 1.012 (1.001, 1.024) .026

Hospital stay duration 1.083 (1.018, 1.153) .012
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DISCUSSION

There is no doubt that PCT can help diagnose infections 
more accurately than WBC and CRP [Li 2017]. PCT varia-
tion may be even more useful and helpful to predict PP com-
pared with the absolute value after pediatric cardiac surgery 
[Li 2017]. However, there was a lack of evidence that PCT 
variation or PCT could be used to predict PP in adult car-
diac patients. Therefore, it was necessary to further verify the 
diagnostic value of PCT variation. In our study, we found that 
PCT variation and PCT could be more effective than WBCs 
and CRP in diagnosing PP. Moreover, PCT variation had 
better diagnostic performance compared with PCT levels. 
We suggest that PCT variation could be used to predict PP 
earlier in adult cardiac patients.

After CPB, an inflammatory cascade may occur, very simi-
lar to that observed in sepsis [Aouifi 1999]. It is related to 
the exposure of plasma proteases to the nonendothelial inner 
membrane of the CPB circuit. At the same time, ischemia-
reperfusion injury during CPB is also an inflammatory phe-
nomenon, which is another important cause of postoperative 
morbidity [Bronicki 2016]. Previous studies had shown that 
clinical manifestations (fever, tachycardia, etc.), and tradi-
tional biomarkers (leukocytosis) are not reliable for differ-
ential diagnosis of infected and noninfected SIRS after CPB 
[Pittet 1995]. Our study indicated that patients had high 
levels of WBCs, CRP, and PCT after cardiac surgery, and it 

may reconfirm that SIRS frequently occurred in patients who 
underwent cardiac surgery. Our study found that patients 
with PP had higher PCT levels compared with patients with-
out PP from POD2 to POD5, and WBCs and CRP in the 
PP group had no significant differences compared with the 
non-PP group (Figs. 1 to 3). This may suggest that PCT and 
PCT variation had better predictive power for PP. Mean-
while, PP variation had the best diagnostic ability among 
these biomarkers. Therefore, the diagnosis of PP could occur 
earlier with continuous PCT monitoring, allowing earlier 
administration of antibiotics in patients with PP.

The best timing of diagnosis of PCT in infection after 
CPB is still controversial. Li et al [2017] reported that the 
PCT had best sensitivity and specificity on POD7. Aouifi et 
al [1999] showed that PCT was reliable for diagnosis of infec-
tion on POD2 (sensitivity 0.85, specificity 0.95), with a cutoff 
value of 1 ng/mL. However, Aouifi’s study included just 36 
patients. In our study, the PCT level of the PP group was 

Figure 3. CRP levels from POD1 to POD5 (error bar graph: 95% CI).

Figure 4. Comparison of ROC curves showing the predictive value of 
PCT (value on POD2), PCT variation (value on POD2), and CRP (value 
on POD4) for the diagnosis of postoperative pneumonia.

Figure 1. PCT levels from POD1 to POD5 (error bar graph: 95% CI).

Figure 2. WBC levels from POD1 to POD5 (error bar graph: 95% CI).
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significantly higher than that of the non-PP group on POD2. 
To be diagnosed with PP in our study, patients had to have 
microorganisms isolated at least twice. Thus our study used a 
more accurate standard than previous studies, which might be 
why PCT variation could predict PP earlier. In general, PCT 
variation has better diagnostic performance than the other 
biomarkers studied.

Limitations
Some limitations should be considered in this study. First, 

this is an observational analysis, and the results support asso-
ciation, not necessarily causation. Second, the data come 
from a single center, and agency-specific variables may have 
influenced the results. Therefore, our results must be further 
validated by other multicenter studies. How to improve the 
generalization and practicability of the research results will be 
the direction of our future research.

Conclusions
PCT variation showed better diagnostic performance than 

serum PCT, WBCs, or CRP in patients after cardiac surgery 
with CPB.
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