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Abstract
Background  The aim of this study was to define whether procalcitonin (PCT) is an earlier and more accurate predictor than 
C-reactive protein (CRP) for anastomotic leakage (AL) and major infective complications (MICs).
Methods  This was a prospective multicentric observational study conducted in three Italian centers, including all patients 
undergoing gastrectomy from May 2016 to April 2021. The endpoint was the assessment of the discrimination and accu-
racy achieved by the PCT and CRP values measured from POD1 to POD7 for predicting the occurrence of AL and MICs. 
Accuracy was assessed by calculating the area under the receiver operating curve (AUROC) values and Youden’s statistics. 
Two charts were created for risk stratification during the postoperative course.
Results  The rate of AL was 4.6%, with a median day of occurrence on POD5 (range 3–26). The overall rate of major infective 
complications was 19.9%, with a median day of occurrence on POD6 (range 2–30). PCT showed a significant association 
with AL on POD6 and POD7 and a significant association with MICs on POD2, while CRP values showed a significant 
association with AL on POD4 and a significant association with MICs on POD1. No difference in the prediction of AL was 
observed between PCT and CRP, while CRP was found to be a superior predictor of major infective complications on POD5 
(p = 0.024) and POD7 (p = 0.035).
Conclusions  PCT was not superior to CRP as an early predictor of AL and major infective complications after gastrectomy. 
CRP should be used as the reference screening postoperative marker.

Keywords  Gastric cancer · Gastrectomy · Postoperative complication · C-reactive protein · Procalcitonin

Introduction

Anastomotic leakage (AL) is one of the most serious com-
plications after gastric surgery, and it has a severe impact 
on the postoperative course as well as on functional and 
oncologic outcomes.1 AL occurs in 2 to 14% of patients 
undergoing gastrectomy, and the median time for occurrence 
is 7 days after surgery.2,3 The morbidity and mortality rates 
of this complication are reported to be as high as 50%, espe-
cially when leakage occurs in the thorax.4 An early diagnosis 
of AL is considered critical to prevent further complications 
and minimize the high mortality associated with this event. 
Therefore, an early diagnostic marker of AL would be a val-
uable instrument to support the postoperative management 
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of patients undergoing gastric surgery. Moreover, given 
the recent diffusion of the enhanced recovery protocols in 
esophagogastric surgery, which are aimed at improving 
patient outcomes and reducing hospital stay,5,6 an accurate 
and early diagnostic marker of AL could be employed as an 
adjunctive criterion to determine the safety and feasibility 
of early discharge.

Biomarkers such as C-reactive protein (CRP) have already 
been investigated in a few preliminary studies that revealed 
high sensitivity for the detection of AL as early as postopera-
tive day 2.7,8 Procalcitonin (PCT) is produced by neuroendo-
crine cells of the thyroid and lungs as the precursor for the 
hormone calcitonin. It circulates at very low concentrations in 
the serum of healthy subjects. However, when severe inflam-
mation and infectious complications occur, the serum levels of 
PCT usually increase faster than CRP, reaching values ranging 
from tens of times higher to thousands of times higher than 
normal levels.9 A 2016 study conducted on patients under-
going colorectal surgery identified PCT as an effective bio-
marker for the early detection of AL.10 With regard to upper 
GI surgery, some studies have suggested that elevated PCT 
levels could precede combined surgical/infectious intrabdomi-
nal complications after esophagectomy or gastrectomy in a 
timely manner,11,12 while other studies have regarded PCT as 
an early predictor of septic complications after sleeve gastrec-
tomy.13 Nevertheless, the use of PCT as an early laboratory 
marker of anastomotic leakage has not yet been systematically 
analyzed or validated for use after gastrectomy.

The aim of this study was to determine whether PCT is 
an earlier and more accurate predictor of AL than CRP after 
gastric resection for cancer. Moreover, we explored the roles 
of PCT and CRP in predicting major infective complications 
(MICs) and conducted an exploratory analysis to enhance 
the clinical applicability of the results.

Methods

Study Design and Population

This was a prospective multicentric observational study. 
The participating centers were the Fondazione Policlinico 
Universitario A. Gemelli IRCCS, the IRCCS Humanitas 
Research Hospital, and the Istituto Europeo di Oncologia 
IRCCS. The study was approved by the IRBs of the 
participating institutions. The study was initially designed 
to include both an esophagectomy and a gastrectomy arm; 
however, due to low recruitment in the esophagectomy arm 
at the end of the study (n = 35 patients), only the results 
for the gastrectomy arm are reported herein. The study 
included all patients > 18 years undergoing gastrectomy 
in the elective setting from May 2016 to April 2021. The 
following patients were excluded: patients undergoing 

surgery without an anastomosis being performed (i.e., 
wedge resections); patients with ongoing infection or 
systemic inflammation at the time of surgery (bacterial, 
viral, parasitic infection, or systemic inflammation due to 
inhalational injury; pulmonary aspiration; pancreatitis; 
mesenteric infarction or heat stroke); patients with trauma 
other than surgery (burns, mechanical injuries); patients 
undergoing emergency procedures; and those with an ASA 
score > 3.

Data Collection

For all the patients included in his study, the following 
data were prospectively collected: age, sex, sex 
performance status, comorbidities according to the 
Charlson comorbidity index (CCI),17 ASA score, 
preoperative oncologic treatment, type of operation, 
surgical approach (open or minimally invasive), extent 
of lymphadenectomy, tumor location, tumor stage, 
postoperative complications (within 30 days after surgery 
or during the same hospitalization) classified according to 
the Clavien–Dindo classification, length of postoperative 
stay and 30-day unplanned readmission. In all cases, the 
white blood cell count (WBC), PCT, and CRP levels 
were measured before surgery and during the first seven 
postoperative days (PODs).

Surgical Technique and Postoperative Management

Total gastrectomy was performed with Roux-en-Y 
reconstruction and circular stapled anastomosis. Subtotal 
gastrectomy was performed with Roux-en-Y or Billroth 
2 reconstruction and manual or linear mechanic stapled 
anastomosis. One abdominal drain was placed routinely for 
subtotal gastrectomy, and two abdominal drains were placed 
routinely for total gastrectomy. Blood samples were obtained 
on postoperative days 1 to 7. Contrast studies were planned 
according to the surgeon’s preference. The postoperative 
management consisted of mobilization and removal of the 
urinary catheter on POD1. Patients undergoing subtotal 
gastrectomy started water intake on POD3, and the diet 
composition was progressively increased from liquid to 
soft diet. For patients undergoing subtotal gastrectomy, 
abdominal drainage tubes were removed on POD4 if the 
drainage fluid was clear. For patients undergoing total 
gastrectomy, drainages were removed after the contrast study. 
Patients were discharged under the decision of the attending 
surgeon after diet tolerance had been assessed and in the 
absence of other complications. After 1 week, they attended 
an outpatient clinic appointment and were then followed via 
telephone.
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PCT and CRP Measurement

Serum PCT and CRP levels were measured using endpoint 
nephelometry with an autoanalyzer UniCel® DxC 800 
(Beckman Coulter, Brea, CA, USA), and the normal range 
was 0–5 mg/L.

Definition of AL and Other Complications

AL was defined as a full thickness gastrointestinal defect 
involving the esophagus or esophagojejunal anastomosis, 
the staple lines, or the gastric stump irrespective of pres-
entation or method of identification.14 AL and other post-
operative complications were classified according to the 
Clavien–Dindo classification. We considered major compli-
cations those needing reoperation or interventional radiology 
procedures (Clavien–Dindo grades III to V).

Endpoints

The primary endpoint of this study was the assessment of the 
discrimination and accuracy achieved by the PCT and CRP 
values measured on every POD (from 1st to 7th) to determine 
the occurrence of anastomotic leakage and the comparison 
among the predictive values of these two biomarkers. The sec-
ondary endpoint was to assess the discrimination and accuracy 
achieved by the PCT and CRP values for predicting a compos-
ite major infective surgical complication outcome (anastomotic 
leak + duodenal leak + intrabdominal collections).

Statistics

Data Analysis

Values were recorded as absolute values and percentages, 
means and standard deviations and medians and ranges, 
as appropriate. Regarding the clinicopathologic charac-
teristics, patients were divided into three groups: patients 
who developed AL (with or without other complications), 
patients who developed other complications, and patients 
who had neither AL nor other complications. For the statis-
tical analysis, patients who developed AL (with or without 
other complications) or major infective complications and 
patients who did not develop AL or other major infective 
complications were considered.

Discrimination was assessed with the area under the 
curve (AUC) of receiver operating characteristic (ROC) 
curves, and accuracy was assessed with the creation of cali-
bration plots. The p value was calculated with De Long’s 
method. The cutoff values of PCT, CRP and WBC were 
calculated by Youden’s J statistics and employed to calculate 
sensitivity (Se), specificity (Sp), positive predictive value 

(PPV), and negative predictive value (NPV). Comparison 
of the ROC curves was performed with De Long’s method.

A post hoc analysis was designed to enhance the clinical 
applicability of the results. Based on the mean and 95% CI (con-
fidence interval) for the values of CRP from POD1 to POD7 in 
patients with AL and major infective complications, two charts 
were created for risk stratification during the postoperative 
course (Figs. 1 and 2). Moreover, an exploratory multivariable 
backward logistic regression for variables associated with major 
infective complications among the CRP and WBC values from 
POD2 to POD5 and from POD2 to POD4 was used to select an 
optimal laboratory panel for the early prediction of MICs. Based 
on the selected variables, a neural network multilayer perception 
analysis (one hidden layer, 70%/30% training/testing set ratio) 
was used to evaluate the performance of the composite models 
using ROC curves for the composite model, a predicted-by-
observed-value chart for each dependent variable, and an inde-
pendent variable performance analysis. The advantage of the 
neural network analysis in this case was the ability to control for 
possible collinearity (e.g., the laboratory values during different 
PODs) and to rate the importance of each predictor variables 
after detecting all their possible interactions.15

The analysis was performed using SPSS v.22 for Win-
dows XP (SPSS, Chicago, IL, USA) and MedCalc sta-
tistical software version 18.2.1 (MedCalc Software bvba, 
Ostend, Belgium; http://​www.​medca​lc.​org; 2018). All fre-
quentist statistical tests were two‐sided with significance 
set at P ≤ 0.05.

Results

Population of the Study

A total of 282 patients undergoing gastrectomy were recruited. 
The clinicopathologic characteristics of these patients are pre-
sented in Table 1. The overall rates of morbidity, major morbid-
ity and mortality were 47.9%, 22.7%, and 3.2%, respectively. 
The rate of AL was 4.6%. The median day of AL diagnosis was 
POD5 (range 3–26), 92.9% were major complications, and the 
mortality rate was 28.6%. The rate of duodenal leak/paraduode-
nal abscess was 10.6%. The median day of diagnosis was POD8 
(range 3–30), 83.3% of complications were major complications, 
and the mortality rate was 9.7%. The overall rate of major infec-
tive complications was 19.9%, the median day of diagnosis was 
POD6 (range 2–30), and the mortality rate was 12.7%.

Performance of PCT and CRP

For the detection of AL, a significant discrimination was iden-
tified from POD4 for CRP (AUC 0.709, CI95% 0.647–0.765, 
cut-off 156 mg/ml, p = 0.015) and from POD6 for PCT (AUC 

http://www.medcalc.org
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0.676, 0.603–0.743, cut-off 0.13 mg/ml, p = 0.039) (Table 2) 
with the better discrimination achieved in POD7 for both CRP 
(AUC 0.772, CI95% 0.697–0.836, cut-off 94, Se 100%, Sp 
54%, PPV 10%, NPV 99%, p < 0.001), and PCT (AUC 0.763, 
CI95% 0.684–0.831, cut-off 0.4, Se 67%, Sp 79%, PPV 18%, 
NPV 97%, p = 0.002). The results for the ROC curve analysis 
for WBC showed a significant and better discrimination from 
POD5 (AUC 0.705, CI95% 0.644–0.761, cut-off 10.6 × 109, 
Se 54%, Sp 88%, PPV 20%, NPV 97%, p = 0.014) (Supple-
mentary Materials).

For the detection of major infective complications, a signifi-
cant discrimination was identified from POD1 for CRP (AUC 
650, CI95% 0.577–0.719, cut-off 68 mg/ml, p = 0.005) and 
from POD2 for PCT (AUC 0.643, CI95% 0.577–0.705, cut-off 
0.18 mg/ml, p = 0.002) with the better discrimination achieved 
in POD5 for CRP (AUC 0.780, CI95% 0.719–0.833, cut-off 
117 mg/ml, Se 80%, Sp 67%, PPV 38%, NPV 92%) and in POD6 
for PCT (AUC 0.708, CI 95% 0.637–0.772, cut-off 0.09 mg/ml, 
Se 95%, Sp 43%, PPV 31%, NPV 97%) (Table 3). The results for 
the ROC curve analysis for WBC showed a significant discrimi-
nation from POD3 (AUC 0.570, CI95% 0.508–0.630, cut-off 
12.4 × 109, p = 0.036) with the better discrimination achieved in 
POD6 (AUC 0.735, CI95% 0.668–0.795, cut-off 8.7 × 109, Se 64, 
Sp 76, PPV 47, NPV 86, p < 0.001) (Supplementary Materials).

The trend of CRP, PCT, and WBC based on the postop-
erative day is depicted in Fig. 1s.

Comparison Among ROC Curves for AL and MICs

In the comparison among the AUCs, no difference in the 
prediction of AL was observed between PCT and CRP, 
while CRP was superior in predicting major infective com-
plications on POD5 (p = 0.024) and POD7 (p = 0.035).

Development of Charts for Risk Stratification for AL 
and Mics and of Models for the Prediction of Major 
Infective Complications After Gastrectomy

The two charts for risk stratification of AL and MICs during 
the postoperative course are shown in Fig. 1.

The results of the multivariable analysis for AL selected 
CRP in POD6 as the only independent variable predictive 
of AL (Supplementary Materials). The results of the multi-
variable logistic regression for MICs selected CRP on POD2 
and POD5; CCI and age as independently associated with 
the risk of major complications when considering biomarkers 
available from POD1 to POD5; and CRP on POD3 and CCI 
when considering biomarkers available from POD1 to POD4 
(Tables 4 and 5). The subsequent ANN analysis (Fig. 2) evalu-
ated the performance of the composite models, yielding an 
AUC value of 0.842 for the first model based on CRP on 

POD2 and POD as well as CCI and age. The AUC value for 
the second model based on CRP on POD3 and CCI was 0.772.

Discussion

In this study, we analyzed and compared the predictive values 
of PCT and CRP in determining the occurrence of postopera-
tive anastomotic leakage and major infective complications 
after gastrectomy. According to our results, CRP performed 
better than PCT in predicting both AL and MIC, even though 
there was no significant difference in the performance of these 
two biomarkers. Given the mean occurrence of most cases of 
AL and MIC in this study (POD5 and POD6), the most effec-
tive strategy to stratify patients’ risk of complications seems 
reasonable to dose CRP from days 2 to 5–6.

Our results can be interpreted based on the different etiolo-
gies underlying the increase in PCT and CRP values. PCT is 
produced by the neuroendocrine cells of the thyroid and the 
lungs as the precursor for the hormone calcitonin. Serum PCT 
levels have been found to increase as soon as 3–4 h after expo-
sure to bacterial products, reaching a peak within 6–24 h. PCT 
has been regarded as having higher sensitivity and specificity 
for predicting bacterial infection than other biomarkers and to 
correlate with the severity of the infection.16  The composi-
tion of the pathogen agents involved in systemic infection, as 
well as the location of the infection (i.e., abdominal, urinary 
tract, and upper and lower respiratory tract infections), cor-
relate with the rise in PCT. Indeed, the PCT rise seems to be 
specifically triggered by Gram-negative bacteria, while it is 
less sensitive during Gram-positive or fungal sepsis.17 Moreo-
ver, it could be influenced by other factors, such as the use of 
antibiotics,18 and false-positives due to impairments in renal 
function, neutropenia, or major stressors that cause systemic 
inflammation (including surgery) have been reported, as well 
as false negatives, especially when infections are localized 
as in mediastinitis or abscesses, or if procalcitonin is dosed 
too early.19

CRP, instead, is an acute phase protein synthetized in 
the liver. Its secretion starts 4 to 6 h after an inflammatory 
insult and peaks at 36–50 h. Its production and elimination 
are not influenced by renal replacement therapy or immuno-
suppression (both systemic steroids and neutropenia), and it 
has a lower sensitivity and specificity than PCT in studies on 
critically ill patients.16,20

Common pathogens identified in the abdominal cultures and 
bloodstream after abdominal gastric surgery complications have 
often included Candida species and Klebsiella pneumoniae, 
followed by Streptococcus, Pseudomonas, and Staphylococ-
cus species.21–23 Instead, when lower GI surgery complica-
tions occur, the rate of fungal infection is extremely low, and 
the role of Gram-negative bacteria seems to be prominent.24 
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This is the most plausible explanation for why PCT proved to 
be a superior predictive biomarker for anastomotic leakage in 
colorectal surgery in previous studies10 but did not outperform 
CRP as a marker of AL and major infective complications in 
our study. In previous studies, PCT proved to be more accurate 

than CRP in predicting AL after colorectal surgery,10 and it was 
shown to be promising for the early detection of intrabdominal 
complications in esophagogastric surgery.11,12  However, in our 
study, it was not superior to CRP for detecting AL of major 
infective complications.

Fig. 1   a CRP charts to assess the risk for AL after gastrectomy based on the mean ± 95% CI for the values from POD1 to POD7; b CRP charts to 
assess the risk for major infective complications after gastrectomy based on the mean ± 95% CI for the values from POD1 to POD7
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There are notable implications for the results of this study. The 
first is that PCT should not be routinely used during the postoper-
ative course of esophagogastric resection to exclude AL or other 

infective complications. The main reason is that the mean cost for 
this laboratory exam is €14–30 per patient in Europe, compared 
to the €4 of most CRP assays.16 Previous cost-efficacy studies 
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focused on critically ill patients found PCT guidance to be over-
all cost-effective for antibiotic management in the intensive care 
unit.25 In our study, data on the cost-effectiveness of the different 
biomarkers were not available for analysis even though a reliable 
estimate of the adjunctive cost of PCT for this study, according to 
the mean cost of 15€ for PCT and 4€ for PCR among the partici-
pating institutions, is 21,714€. Due to the superior performance 
of CRP observed herein, we can conclude that there is likely 
an unfavorable cost/effectiveness balance for PCT. For patients 
undergoing gastrectomy, PCT should continue to have a role in 
detecting and monitoring sepsis derived from specific postopera-
tive complications (i.e., sepsis from Gram-negative bacteria as in 
some abdominal infections, urinary sepsis), as well as in patients 
with severe complications needing intensive care unit admission.

Fig. 2   Performance of the composite model including CRP based on 
a neural network multilayer perception analysis. The AUC was 0.842 
for the first model based on Tables 4 and 5 and 0.772 for the second 
based on Table  5. The graph shows the pseudoprobability of being 
assigned to a certain cathegory: a in the leftmost boxplot, for cases 
in the observed category No, the predicted pseudoprobability of cate-
gory No according to the model; b in the next boxplot to the right, for 
cases in the observed category No, the predicted pseudoprobability 
of category Yes; c in the third boxplot, for cases in the observed cat-
egory Yes, the predicted pseudoprobability of category No; d the last 
boxplot shows, for cases in the observed category Yes, the predicted 
pseudoprobability of category Yes. In both figures, at the bottom 
right, a bar graph shows the normalized importance of the variable 
within the model. The distance of the pseudoprobabilities from 0.5 
for both models further confirms the good performance of the model

◂

Table 1   Clinicopathologic 
characteristics of patients 
with anastomotic leakage, 
no complications, or other 
complications in 278 patients 
undergoing gastrectomy

CCI, Charlson comorbidity index; NAD, neoadjuvant therapy. *p value calculated excluding missing data

Variables No complica-
tions (n = 147)

Anastomotic leakage
(n = 14)

Other complica-
tions (n = 121)

p value

Age, mean ± SD 69 ± 12 73 ± 10 72 ± 11 0.153
Sex, n (%) 0.113

  M
  F

63 (42.9%)
84 (57.1%)

3 (21.4%)
11 (78.6%)

40 (33.1%)
81 (66.9%)

CCI mean ± SD 6 ± 3 8 ± 4 7 ± 3  < 0.001
NAD, n (%) 0.673

  No
  Yes

98 (68.1%)
46 (31.9%)

11 (78.6%)
3 (21.4%)

83 (70.9%)
34 (29.1%)

Type of gastrectomy, n (%) 0.040
  Remnant
  Subtotal
  Total

4 (2.7%)
93 (63.3%)
50 (34.0%)

2 (14.3%)
4 (28.6%)
8 (57.1%)

6 (5.0%)
64 (52.9%)
51 (42.1%)

Approach: 0.324
  Laparotomic
  Mini-invasive

114 (77.6%)
33 (22.4%)

13 (92.9%)
1 (7.1%)

99 (81.8%)
22 (18.2%)

Postoperative stay, mean ± SD 7 ± 2 37 ± 26 16 ± 22  < 0.001
Mortality 0.019

  N
  Y

-
-

11 (78.6%)
3 (21.4%)

115 (95%)
6 (5%)

Readmission  < 0.001*
  N
  Y
  NA
  Postoperative death—inpatient
  Postoperative death—readmit-

ted
  Postoperative death—outpatient

132 (89.8%)
1 (0.7%)
14 (9.5%)
0
0
0

8 (57.2%)
3 (21.4%)
0
3 (21.4%)
0
0

80 (66.1%)
26 (21.5%)
9 (7.4%)
2 (1.7%)
2 (1.7%)
1 (0.8%)

Major complications  < 0.001
  N
  Y

-
-

1 (7.1%)
13 (92.9%)

71 (57.9%)
51 (42.1%)

Major infective complications  < 0.001
  N
  Y

-
-

1 (7.1%)
13 (92.9%)

78 (64.5%)
43 (35.5%)

Duodenal leak 0.415
  N
  Y

-
-

12 (85.7%)
2 (14.3%)

92 (76%)
29 (24%)
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Table 2   Performance of 
PCT, CRP on POD 1st to 7th 
to predict AL occurrence in 
patients undergoing gastrectomy

POD, postoperative day; AUC​, area under the ROC curve; CI, confidence interval; Se, sensitivity; Sp, spec-
ificity; PPV, positive predictive value; NPV, negative predictive value

Variable AUC​ P value CI lower bound CI upper bound Cut-off (mg/ml) Se Sp PPV NPV

PCT POD1 0.509 0.925 0.434 0.584 0.17 78 34 6 97
CRP POD1 0.657 0.102 0.584 0.725 210 33 100 100 97
PCT POD2 0.606 0.172 0.539 0.670 0.14 92 39 8 99
CRP POD2 0.638 0.125 0.572 0.701 211 42 90 19 97
PCT POD3 0.651 0.090 0.587 0.711 3.88 33 95 25 97
CRP POD 3 0.644 0.052 0.681 0.704 135 91 43 7 99
PCT POD4 0.653 0.083 0.589 0.713 3.38 33 97 36 97
CRP POD4 0.709 0.015 0.647 0.765 156 67 71 11 98
PCT POD5 0.597 0.282 0.527 0.664 0.14 80 46 7 98
CRP POD5 0.688 0.003 0.621 0.749 96 91 49 9 99
PCT POD6 0.676 0.039 0.603 0.743 0.13 80 49 9 99
CRP POD6 0.759  < 0.001 0.692 0.819 104 89 57 10 99
PCT POD7 0.763 0.002 0.684 0.831 0.4 67 79 18 97
CRP POD7 0.772  < 0.001 0.697 0.836 94 100 54 10 99

Table 3   Performance of PCT, 
CRP on POD 1st to 7th to 
predict the occurrence of major 
infective complications in 
patients undergoing gastrectomy

POD, postoperative day; AUC​, area under the ROC curve; CI, confidence interval; Se, sensitivity; Sp, spec-
ificity; PPV, positive predictive value; NPV, negative predictive value

Variable AUC​ P value CI lower bound CI upper bound Cut-off (mg/ml) Se Sp PPV NPV

PCT POD1 0.560 0.297 0.485 0.634 0.80 44 77 31 86
CRP POD1 0.650 0.005 0.577 0.719 68 70 54 25 89
PCT POD2 0.643 0.002 0.577 0.705 0.18 78 50 28 90
CRP POD2 0.696  < 0.001 0.632 0.755 165 55 76 35 87
PCT POD3 0.672  < 0.001 0.609 0.731 0.35 63 69 33 88
CRP POD 3 0.730  < 0.001 0,670 0.784 169 70 71 36 91
PCT POD4 0.707  < 0.001 0.645 0.764 0.15 80 54 30 92
CRP POD4 0.744  < 0.001 0.684 0.797 151 70 75 40 91
PCT POD5 0.663  < 0.001 0.595 0.727 0.17 75 57 32 90
CRP POD5 0.780  < 0.001 0.719 0.833 117 80 67 38 92
PCT POD6 0.708  < 0.001 0.637 0.772 0.09 95 43 31 97
CRP POD6 0.744  < 0.001 0.675 0.805 93 87 57 35 94
PCT POD7 0.688  < 0.001 0.603 0.763 0.2 62 70 40 85
CRP POD7 0.766  < 0.001 0.691 0.831 94 88 61 39 95

Table 4   Multivariable backward 
logistic regression analysis 
for variables associated with 
occurrence of major infective 
complications—using CRP 
from POD2 to POD5

Variable(s) entered on step 1: CRP2, CRP3, CRP4, WBC5, CRP5, CRP6, CCI, NAD, type of gastrectomy, 
type of approach (open/laparoscopic), gender, age. CCI, Charlson comorbidity index; NAD, neoadjuvant 
therapy

Variable Beta coefficient P value OR Lower 95% CI Higher 95% CI

CRP2 0.006 0.086 1.007 0.999 1.014
CRP5 0.012 0.001 1.013 1.005 1.020
CCI 0.259 0.002 1.295 1.100 1.525
Age  − 0.047 0.046 0.954 0.910 0.999
Constant  − 2.561 0.093 0.077
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A second implication follows the assessment of the accu-
racy of CRP in predicting AL and MIC. Our results are con-
sistent with those of other studies that have identified CRP 
as a biomarker superior to WBC in detecting postoperative 
infective complications.26  The routine monitoring of CRP 
could lead to an improvement in the risk stratification of 
patients, favoring timely decisions to detect and treat post-
operative complications and the identification of low-risk 
patients eligible for early discharge. In the inpatient setting, 
it could favor a prompt diagnosis, the targeting of radio-
logic imaging (i.e., postoperative oral contrast exams) and a 
timely and appropriate use of antibiotic therapy. Identifying 
patients at risk of complications also aids decision-making 
on the timing for discharge to minimize readmissions and 
the dreaded “failure to rescue” phenomenon.27 On the other 
hand, a possible disadvantage related to the use of biomark-
ers is that they could lead to increased blood sampling, 
longer monitoring, and increased length of hospital stay.28 
However, the possible advantages in terms of postoperative 
management of a biomarker-based strategy are particularly 
resonant in gastric surgery, a field in which hospitalization 
is usually long, and fast-track/enhanced recovery protocols 
and early discharge plans have not been widely applied to 
date due to concerns for patient safety and unclear benefits 
in terms of readmission rate.29 For patients with low and 
minimal risk of complications, these protocols could be pur-
sued with more confidence, leading to a notable change in 
postoperative management and a reduction in costs.

Based on our results, we provided Fig. 1a and b to aid clini-
cians in stratifying the risk of anastomotic leak and postopera-
tive complications. Given the high NPV of the single values 
of CRP on different postoperative days, we believe the best 
use of the models would be to aid in selecting patients with a 
low risk of postoperative complications for early discharge. 
Nevertheless, it should be pointed out that most complica-
tions are diagnosed between POD5 and POD8, and given that 
CRP alone did not have a high accuracy until day 5, it may 
not be considered a very early predictor of AL and MICs. 
In the future, based on the promising results of the post hoc 
analysis (where CRP in POD3 combined with the CCI had a 

satisfactory performance), the CRP values could be integrated 
with other clinicopathological variables (e.g., the Charlson 
comorbidity score) or biomarkers (e.g., laboratory ratios) 
to improve the accuracy of the predictive models, thereby 
facilitating the planning for early diagnostic and therapeutic 
measures as well as the application of fast-track principles to 
selected patients.

This study has some limitations, including the lack of 
external validation for the results. Moreover, the choice of AL 
as the primary outcome could have led to biased interpretation 
of the results, as other infective and/or abdominal compli-
cations (such as pancreatic fistula and/or periduodenal col-
lections) also have a prominent role in determining the need 
for intervention, intensive care, or readmission. Future stud-
ies should consider creating a composite outcome measure 
including anastomotic and duodenal leaks and peripancreatic 
collections as the primary outcome to avoid misinterpretation 
of the results or outcome reporting bias.30,31 Notwithstand-
ing its limitations, this is the first prospective study with a 
large sample size that systematically investigated the use of 
PCT compared to PCR in predicting AL and MIC after gastric 
surgery. The results were valuable as they suggest excluding 
the use of PCT for the early detection of complications after 
gastrectomy. Additionally, the post hoc exploratory analysis 
revealed possible practical applications, such as the postopera-
tive CRP charts and composite models, for use in the postop-
erative setting.

Conclusions

In this study, PCT was not superior to CRP as a predictor 
of AL and major infective complications after gastrec-
tomy. CRP should be used as the reference screening 
postoperative marker. In the future, models based on CRP 
as well as on other patient-related variables and biomark-
ers could further optimize postoperative management.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11605-​022-​05547-y.

Table 5   Multivariable backward logistic regression analysis for variables associated with occurrence of major infective complications—using 
CRP from POD2 to POD4

Variable(s) entered on step 1: CRP2, CRP3, CRP4, WBC5, CCI, NAD, type of gastrectomy, type of approach (open/laparoscopic), gender, age. 
CCI, Charlson comorbidity index; NAD, neoadjuvant therapy

Variable Beta coefficient P value OR Lower 95% CI Higher 95% CI

CRP3 0.009 0.001 1.009 1.004 1.014
CCI 0.159 0.014 1.172 1.033 1.329
Constant  − 4.224  < 0.001 0.015
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