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ABSTRACT 
Background: Anastomotic leakage is a serious complication with a 6–39% mortality rate. Pseudomonas 
aeruginosa impairs healing, while procalcitonin rises in systemic inflammation. This study assesses 
procalcitonin as an early predictor of leakage post-colorectal anastomosis. Objective: To evaluate the role of 
Pseudomonas aeruginosa infection in increasing procalcitonin levels and anastomotic leakage after 
laparotomy in Wistar rats. Method: An experimental study on 20 male Wistar rats post-anastomosis, with 
Pseudomonas aeruginosa given to the treatment group (n=10). Procalcitonin levels were measured on days 1, 
3, and 5, followed by relaparotomy to assess leakage. Data were analyzed using SPSS 26.  Results: Procalcitonin 
levels progressively increased in both groups, with significantly higher levels in the Pseudomonas aeruginosa-
infected group on postoperative day 5 (mean difference: 2.786 ng/mL, p = 0.001). Significant differences were 
observed between the treatment and control groups (p = 0.001) and within each group over time (control: p 
= 0.017; treatment: p = 0.009). Chi-square analysis showed that elevated procalcitonin levels (>2 ng/mL) 
increased the risk of anastomotic leakage (OR: 15, 95% CI: 1.652–136.17, p = 0.015). A significant association 
was also found between procalcitonin levels and hypertension risk (OR: 7, 95% CI: 1.14–42.97, p = 0.033), 
with a relative risk of 5 in the control group (95% CI: 1.87–28.86, p = 0.024). Conclusion: Samples infected 
with Pseudomonas aeruginosa exhibited higher procalcitonin levels and a greater risk of anastomotic leakage 
following colonic laparotomy, particularly on postoperative day 5. 
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INTRODUCTION  
Anastomotic leakage is one of the most severe 
complications that can occur following 
gastrointestinal surgical procedures. The incidence 
of anastomotic leakage varies between 3% and 26%, 
with associated mortality rates ranging from 6% to 
39% [1]. Recent prevalence data indicate that 
approximately 9% of patients experience intestinal 
anastomotic leakage [2]. The high mortality 
associated with this complication is primarily due to 
delays in detecting and intervening in anastomotic 
failure [3]. Therefore, early diagnosis of anastomotic 
leakage is crucial to reducing morbidity and 
mortality associated with this condition. However, 
to date, there is no clear consensus on the most 
effective method for the rapid and accurate 
detection of anastomotic leakage in clinical practice. 
Anastomotic leakage is influenced by multiple 
factors, including surgical technique, patient 
conditions, and the presence of infections.  

Pseudomonas aeruginosa is a common pathogen 
responsible for nosocomial infections and plays a 
role in increasing the risk of anastomotic leakage. 
Studies have shown that products released by 
hypoxic intestinal epithelial cells, such as adenosine 
and dynorphin, can activate the quorum sensing 
system of P. aeruginosa, leading to phenotypic 
changes that make the bacteria more aggressive, 
enhancing collagen degradation, and increasing 
intestinal tight junction permeability [4]. These 
conditions hinder wound healing and contribute to 
an increased risk of anastomotic leakage. 
 
The choice of anastomotic technique also plays a 
crucial role in determining surgical success. One 
commonly used technique in intestinal surgery is 
End-to-End Anastomosis, which offers advantages 
such as a more straightforward procedure and 
direct reconnection of the distal and proximal 
intestinal ends without creating additional openings 
or relocating bowel segments. 
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However, the primary complication associated with 
this technique remains anastomotic leakage, which 
can lead to the leakage of intestinal contents into the 
peritoneal cavity, thereby increasing the risk of 
infection, peritonitis, and other life-threatening 
conditions. 
 
Early detection of anastomotic leakage remains a 
significant clinical challenge. Conventional 
diagnostic methods, including physical examination, 
conventional radiography, and laboratory 
evaluations, often lack sufficient sensitivity and 
specificity for the rapid and accurate detection of 
leakage. Computed tomography (CT) scan with 
intraluminal contrast has been recognized as a 
valuable diagnostic modality for detecting 
anastomotic leakage [5]. However, its application is 
limited by technical constraints and high costs, 
making it less accessible in certain healthcare 
settings. The sensitivity and specificity of CT scans 
for detecting anastomotic leakage have been 
reported to be 59% and 88%, respectively [6]. 
Moreover, CT specificity in diagnosing anastomotic 
leakage may be lower than that of procalcitonin 
(PCT) due to residual postoperative intra-
abdominal gas [7]. Studies have indicated that in 
patients ultimately confirmed to have anastomotic 
leakage, nearly one-quarter of initial CT scans 
yielded false-negative results, potentially leading to 
delays in diagnosis and appropriate management 
[8]. Therefore, alternative diagnostic methods that 
are more efficient, accessible, and highly accurate 
are needed. 
 
A promising approach for the early detection of 
anastomotic leakage is the use of biomarkers, such 
as Procalcitonin (PCT). PCT is a precursor of 
calcitonin, produced by thyroid C cells and various 
other cell types in response to bacterial infections. 
Research has demonstrated that PCT levels can 
increase significantly in patients with anastomotic 
leakage, even before the appearance of overt clinical 
symptoms [9]. 
 
As an infection biomarker, PCT has been widely 
utilized in clinical settings, particularly in intensive 
care units (ICUs) and emergency departments [10] 
In colorectal surgery, PCT levels exceeding 5.27 
ng/mL on the third postoperative day have been 
identified as a reliable indicator for early detection 
of anastomotic leakage, outperforming other 
methods [11]. Additionally, prior studies suggest 
that PCT elevation occurs more rapidly than C-
reactive protein (CRP) and has superior prognostic 
value in assessing disease severity and mortality 
risk [12]. 
 
Despite its potential as a biomarker for anastomotic 
leakage, the clinical application of PCT remains 
limited. Some human studies have shown that PCT 
can serve as a useful tool to rule out anastomotic 
leakage following elective colorectal surgery; 
however, its utility as a standalone test for definitive 
detection remains uncertain [13]. Furthermore, a 
recent meta-analysis revealed that the sensitivity and 
specificity of PCT for detecting anastomotic leakage  
 

vary depending on the chosen cutoff value and 
timing of postoperative measurement [12]. Thus, 
further research is necessary to evaluate the 
accuracy and efficacy of PCT in more controlled 
settings. 
 
To address the limitations of human studies, the use 
of animal models, such as Wistar rats, offers a more 
practical, cost-effective, and ethically viable 
alternative. Wistar rats share genetic and 
physiological similarities with humans, allowing for 
high-accuracy disease modeling and biological 
response studies. Therefore, this study aims to 
evaluate the role of PCT as a biomarker for the early 
detection of anastomotic leakage using a Wistar rat 
model, to improve diagnostic effectiveness and 
clinical interventions in the future. 
 

METHOD  
Study Design, time, and place of study  
This study is an experimental study with a True 
Experimental design, involving two randomly 
assigned groups: a control group and a treatment 
group. The treatment group received an 
intervention in the form of Pseudomonas aeruginosa 
application to the anastomosis area to induce 
anastomotic leakage after laparotomy anastomosis 
surgery, while the control group underwent 
laparotomy and anastomosis without bacterial 
exposure. The study was conducted at the 
Integrated Biomedical Laboratory of the Faculty of 
Medicine, Udayana University, Denpasar, and the 
Faculty of Veterinary Medicine, Udayana University. 
The study duration was approximately six months, 
following approval from the Research Ethics 
Committee of the Faculty of Medicine, Udayana 
University. 
 
Samples Characteristic  
This study investigates the impact of Pseudomonas 
aeruginosa on anastomotic leakage and 
procalcitonin levels in male Wistar rats aged 2–3 
months (250–300g). Using 20 rats divided into two 
groups, colorectal anastomosis was performed 
following aseptic techniques, with one group 
exposed to P. aeruginosa. Anastomotic leakage was 
assessed macroscopically, while procalcitonin levels 
were measured via electrochemiluminescence on 
postoperative days 1, 3, and 5. A threshold of >5.27 
ng/mL on day 3 indicated leakage. The study aims to 
evaluate the bacterial influence on anastomotic 
integrity and its correlation with procalcitonin as a 
biomarker. 
 
Research Procedure  
The study followed a structured procedure, 
beginning with ethical approval from the Research 
Ethics Committee of the Faculty of Medicine, 
Udayana University, and research permits from 
RSUP Sanglah Denpasar before sample collection. 
Twenty healthy adult Wistar rats were 
acclimatized for one week under standard 
laboratory conditions (21ºC, 12-hour light/dark 
cycle) with ad libitum access to food and water. A 
standardized pellet diet was provided, and any sick 
animals were excluded. 
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All subjects underwent colorectal anastomosis 
under aseptic conditions. They were fasted for 12 
hours preoperatively, with unrestricted water 
access. Anesthesia was induced using intramuscular 
ketamine (5-10 mg/kg), and prophylactic 
ceftriaxone (100 mg/kg) was administered. A 3 cm 
midline abdominal incision was made, followed by 
sigmoid colon resection (1 cm segment, 3 cm from 
the peritoneal reflection) while preserving 
vascularization. End-to-end anastomosis was 
performed using continuous 6/0 prolene sutures, 
and the abdominal layers were closed with 
continuous 3/0 vicryl sutures. 
 
The treatment group received a 200 µL suspension of 
Pseudomonas aeruginosa (10⁷ CFU) at the 
anastomosis site, while the control group underwent 
standard laparotomy without bacterial inoculation. 
Postoperatively, no antibiotics were administered, 
and oral feeding commenced on day one. Ketoprofen 
(3 mg/kg) was given subcutaneously once daily for 
analgesia. Blood samples (4 mL) were collected in 
EDTA tubes on postoperative days 1, 3, and 5 for 
procalcitonin measurement using ELISA. 
 
Anastomotic leakage was assessed through daily 
monitoring for local infection, perforation, and 
peritonitis until day five. On the fifth day, euthanasia 
was performed using high-dose sodium thiopental 
(200 mg/kg), followed by laparotomy to evaluate 
anastomotic integrity. In cases of mortality before day 
five, a re-laparotomy was conducted to assess 
anastomotic leakage before disposal via incineration. 
Macroscopic signs of leakage, including anastomotic 
dehiscence, peritonitis, fecal contamination, or 
abscess formation, were documented. 
 
Data Analysis  
Data analysis was conducted using SPSS version 
25.0, including data entry, cleaning, and verification.  
 

Descriptive statistics summarized sample 
characteristics, presenting categorical data as 
frequencies and percentages, and numerical data as 
mean ± standard deviation (normal distribution) or 
median with interquartile range (non-normal 
distribution). Normality was tested using 
Kolmogorov-Smirnov (>50 samples) or Shapiro-
Wilk (≤50 samples). Analytical tests compared 
anastomotic leakage proportions based on 
procalcitonin levels using odds ratio (OR) with a 
significance threshold of p<0.05 and a 95% 
confidence interval. Chi-square or Fisher’s exact test 
was applied depending on data distribution. Ethical 
approval was obtained from the Research and 
Development Unit, ensuring privacy, anonymity, and 
confidentiality. 
 
RESULTS 
Univariate Analysis  
This study involved 20 male Wistar rats that 
underwent colorectal anastomosis. Several 
variables were examined, including procalcitonin 
levels, body weight, age, post-anastomosis leakage, 
and the presence of Pseudomonas aeruginosa 
infection. Data for each variable were compiled and 
analyzed.  
 
In the univariate analysis, the basic characteristics of 
these variables were outlined to support the 
hypothesis that increased procalcitonin levels serve 
as an early predictor of colorectal post-anastomosis 
leakage. Procalcitonin levels were measured on days 
1, 3, and 5. Table 1 below provides an overview of 
these levels in the control group (without 
Pseudomonas aeruginosa) versus the treatment 
group (with Pseudomonas aeruginosa) over time. 
Laboratory analysis revealed that the highest 
procalcitonin level was 5.31 ng/mL in the treatment 
group on day 5, while the lowest level, 0.61 ng/mL, 
was observed in control sample 10 on day 3.  

 
 

TABLE 1: Description of Procalcitonin Levels on POD 1, POD3 and POD 5. 
 

Procalcitonin Levels in the Group with 
Pseudomonas aeruginosa Infection (ng/mL) 

Procalcitonin Levels in the Group without 
Pseudomonas aeruginosa Infection (ng/mL) 

POD 1 POD 3 POD 5 POD 1 POD 3 POD 5 

1.82 1.85 1.78 2.28 3.20 3.82 

2.32 2.87 5.22 1.92 0.98 0.91 

3.01 5.01 4.95 1.72 1.33 1.42 

2.08 4.28 4.89 1.84 1.62 1.29 

1.33 3.01 1.92 1.30 2.04 1.04 

1.07 1.92 1.89 2.03 1.85 0.98 

1.92 1.84 1.40 1.97 1.92 2.98 

2.05 1.21 2.41 1.62 2.05 2.81 

1.88 3.09 5.31 1.55 1.27 1.36 

1.02 1.39 4.92 1.78 0.61 2.51 
 

POD: Postoperative Day.
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Data normality was assessed using the Shapiro-Wilk 
test, which is appropriate for studies with a sample 
size of fewer than 50. The results, shown in Table  2, 
indicate that only the procalcitonin levels on day 1 
followed a normal distribution (p = 0.353). In 
contrast, the data for body weight and the 

procalcitonin levels on days 3 and 5 did not follow a 
normal distribution, with p-values less than 0.05 
(0.039, 0.039, and 0.007, respectively). 
Consequently, only the procalcitonin variable from 
day 1 will be presented using mean values, as it 
meets the criteria for parametric testing. 

 
 

TABLE 2: Normality Test Results (Shapiro-Wilk). 
 

Variable p-Value Description 

Body Weight 0.039 Data not normally distributed 

Procalcitonin POD 1 0.353 Data normally distributed 

Procalcitonin POD 3 0.039 Data not normally distributed 

 
This study conducted an analysis comparing the 
values of each variable between the control and 
treatment groups. The data analysis revealed that 
there was no significant difference between the 
groups in terms of body weight and rat age (p = 
0.513). Regarding the progression of procalcitonin 
levels over time, the study demonstrated a 
significant difference on day 5 between the control 

and treatment groups, with median values of 1.39 
(0.91–3.82) ng/mL versus 3.65 (1.40–5.31) ng/mL 
(p = 0.028). Furthermore, the analysis of post-
anastomosis leakage showed that leakage occurred 
in only 30% of the group without Pseudomonas 
aeruginosa compared to 50% in the samples with 
Pseudomonas aeruginosa. These results are 
presented in Table 3 below. 

 
 

TABLE 3: Comparison of Each Variable Between Control and Treatment Groups. 
 

Variable 
Control 

(Without P. aeruginosa) 
Treatment 

(With P. aeruginosa) 
p-Value 

Body Weight (grams) 285 (250 – 310) 290 (250 – 310) 
0.513 

Rat Age (months) 3 3 

Procalcitonin Levels (ng/mL)    

POD 1 1.80 ± 0.27 1.85 ± 0.59 0.817 

POD 3 1.74 (0.61 – 3.20) 2.39 (1.21 – 5.01) 0.130 

POD 5 1.39 (0.91 – 3.82) 3.65 (1.40 – 5.31) 0.028 

Anastomotic Leakage    

Leak 3 (30%) 5 (50%) 
0.325 

No Leak 7 (70%) 5 (50%) 

 
 
 
Mean Difference Analysis of Procalcitonin Levels 
in Anastomotic Leakage 
The study analyzed mean differences in 
procalcitonin levels over time, correlating them with 
the incidence of post-anastomosis leakage. Table 4 
presents the overall procalcitonin levels. Findings 
indicate that in groups experiencing post-
anastomosis leakage, procalcitonin levels showed a 
significant increase starting from day 3, with a mean 
difference of 1.349 ng/mL (p = 0.005), and further 
rising on day 5 to a mean difference of 2.786 ng/mL 
(p = 0.001). For day 1, an unpaired t-test was 
employed due to the normal distribution of data, 
while the Mann-Whitney U test was utilized for days 
3 and 5, given the non-normal distribution of 
numerical data.  
 
 
 
 

 
 
 
 
The procalcitonin levels over time in the control 
group without Pseudomonas aeruginosa. In this 
group, a significant mean difference of 1.004 ng/mL 
(p = 0.033) was observed on day 3, which increased 
to 1.844 ng/mL (p = 0.017) on day 5, with higher 
levels in samples exhibiting post-anastomosis 
leakage compared to those without leakage (Table 4). 
 
Further analysis was conducted on the treatment 
group exposed to Pseudomonas aeruginosa, as 
detailed  (Table 4). The results revealed that 
procalcitonin levels were significantly higher in the 
leakage group, particularly on day 5, with median 
values of 4.95 (4.89–5.31) ng/mL compared to 1.89 
(1.40–2.41) ng/mL in the non-leakage group, 
reflecting a mean difference of 3.178 ng/mL (p = 
0.009).
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TABLE 4: Comparison of Mean Differences in Procalcitonin Levels  
on Day 1, Day 3, and Day 5 in Samples with and Without Anastomotic Leakage. 

 

POD Group Leakage No Leakage 
Mean 

Difference 
p-value 

1 

All Samples 2.02 ± 0.57 1.69 ± 0.31 0.328 0.116 

Control (Without 
Pseudomonas 
aeruginosa) 

1.96 ± 0.33 1.73 ± 0.24 0.222 0.264 

Treatment (With 
Pseudomonas 
aeruginosa) 

2.06 ± 0.72 1.63 ± 0.41 0.424 0.289 

3 

All Samples 2.98 (1.39 – 5.01) 1.73 (0.61 – 3.01) 1.349 0.005 

Control (Without 
Pseudomonas 
aeruginosa) 

2.05 (1.92 – 3.02) 1.33 (0.61 – 2.04) 1.004 0.033 

Treatment (With 
Pseudomonas 
aeruginosa) 

3.09 (1.39 – 5.01) 1.85 (1.21 – 3.01) 1.362 0.117 

5 

All Samples 4.91 (2.81 – 5.31) 1.41 (0.91 – 2.51) 2.786 0.001 

Control (Without 
Pseudomonas 
aeruginosa) 

2.98 (2.81 – 3.82) 1.29 (0.91 – 2.51) 1.844 0.017 

Treatment (With 
Pseudomonas 
aeruginosa) 

4.95 (4.89 – 5.31) 1.89 (1.40 – 2.41) 3.178 0.009 

 
 
Comparison Analysis of Procalcitonin Levels in 
Anastomotic Leakage 
A comparability analysis was conducted using 2x2 
cross-tabulation, followed by Chi-square testing 
and risk estimation, to predict the risk of high 
procalcitonin levels leading to post-anastomosis 
leakage in the study samples. High procalcitonin 
was defined as levels exceeding 2 ng/mL, as 
outlined in the methodology. The analysis of all 
cases, encompassing both control and treatment 
groups, is presented in Table 5. The data indicate 
that elevated procalcitonin levels on day 3 were 
significantly associated with post-anastomosis 
leakage. Specifically, among the 8 samples with 
leakage, 6 exhibited high procalcitonin levels, 
yielding an odds ratio (OR) of 15 (95% CI: 1.652–
136.17; p = 0.015). By day 5, all samples with 
elevated procalcitonin levels experienced leakage, 
with an OR of 6.00 (95% CI: 1.693–21.26; p < 0.001). 
 
The control group without Pseudomonas aeruginosa, 
high procalcitonin levels on day 5 were a significant  

 
risk factor for post-anastomosis leakage (Table 5). 
Specifically, 75% of samples with elevated 
procalcitonin experienced leakage, whereas 6 out of 7 
samples with lower levels did not. This corresponds 
to an OR of 7 (95% CI: 1.14–42.97; p = 0.033). 
 
In the treatment group exposed to Pseudomonas 
aeruginosa, high procalcitonin levels also emerged 
as an early predictor of post-anastomosis leakage. 
As shown in Table 5, by day 5, 83% of samples with 
elevated procalcitonin levels experienced leakage, 
while none with lower levels did. This resulted in an 
OR of 5 (95% CI: 1.87–28.86; p = 0.024). 
 
These findings align with previous research 
indicating that elevated serum procalcitonin levels 
are a reliable marker for predicting anastomotic 
leaks in colorectal surgery. For instance, a study 
found that a postoperative day 3 procalcitonin level 
exceeding 5.27 ng/mL had 100% sensitivity and 
85% specificity for detecting leaks.  
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TABLE 5: Comparison of High Procalcitonin Levels as a Risk Factor for Post-Anastomotic Leakage. 
 

POD Group 
PCT 

Level 
Leakage 

(n, %) 
No Leakage 

(n, %) 
p-value OR 95% CI 

1 

All Group 
High 3 (15%) 2 (10%) 

0.296 3.00 0.372 – 24.17 
Low 5 (25%) 10 (50%) 

Control Group 
High 1 (10%) 1 (10%) 

0.533 3.00 0.122 – 73.64 
Low 2 (20%) 6 (60%) 

Treatment Group 
High 2 (20%) 1 (10%) 

0.500 2.67 0.158 – 45.14 
Low 3 (30%) 4 (40%) 

3 

All Group 
High 6 (30%) 2 (10%) 

0.015 15.00 1.652–136.17 
Low 2 (10%) 10(50%) 

Control Group 
High 2 (20%) 1 (10%) 

0.183 12.00 0.489–294.57 
Low 1 (10%) 6 (60%) 

Treatment Group 
High 4 (40%) 1 (10%) 

0.103 16.00 0.722–354.80 
Low 1 (10%) 4 (60%) 

5 

All Group 
High 8 (40%) 2 (10%) 

<0.001 6.00 1.693 – 21.26 
Low 0 (0%) 10(50%) 

Control Group 
High 3 (30%) 1 (10%) 

0.033 7.00 1.14 – 42.97 
Low 0 (0%) 6 (60%) 

Treatment Group 
High 5 (50%) 1 (10%) 

0.024 5.00 1.87 – 28.86 
Low 0 (0%) 4 (40%) 

 
The analysis showed high procalcitonin levels on 
day 3 were significantly associated with post-
anastomotic leakage (OR = 15, 95% CI: 1.652–
136.17; p = 0.015). By day 5, all samples with high 
procalcitonin levels experienced leakage (OR = 6.00, 
95% CI: 1.693–21.26; p < 0.001). In the control 
group without Pseudomonas aeruginosa, a 
significant association was found on day 5 (OR = 7, 
95% CI: 1.14–42.97; p = 0.033). In the treatment 
group with Pseudomonas aeruginosa, high 
procalcitonin levels on day 5 were also a strong 
predictor of leakage (OR = 5, 95% CI: 1.87–28.86; p 
= 0.024). 
 
DISCUSSION 
Univariate analysis showed an increasing trend in 
procalcitonin levels over time in the treatment 
group, with a significant difference compared to the 
control group on day 5. This increase, triggered by 
bacterial infection, confirms the role of procalcitonin 
as an effective inflammatory marker for detecting 
post-surgical infections, consistent with previous 
studies [14,15]. A meta-analysis by Nicolotti et al. 
also supports the use of procalcitonin as an infection 
predictor in cardiac surgery. Infection plays a crucial 
role in anastomotic leakage, with the treatment 
group experiencing more leakage events, although 
the difference was not statistically significant. A 
retrospective study by Hu et al. [16] also reported an 
association between elevated procalcitonin levels 
and anastomotic leakage. 
 
 
 

 
This study demonstrated that procalcitonin (PCT) 
levels were significantly higher in the group with 
anastomotic leakage compared to those without 
leakage. On postoperative day 5, the mean difference 
became more pronounced, reaching 2.786 ng/mL (p 
< 0.001). The increase in PCT levels, as part of the 
systemic response to infection and inflammation, 
supports the underlying hypothesis of this study. 
 
The predictive role of PCT in anastomotic leakage is 
reinforced by its consistency with previous findings. 
A study by Hu et al. [16] evaluated C-reactive protein 
(CRP) and PCT levels in colorectal anastomotic 
leakage. Their results showed a significant 
difference in mean PCT levels between patients with 
and without leakage, with the leakage group 
exhibiting mean PCT levels of 12.56 ± 9.52 ng/mL 
compared to 2.82 ± 0.75 ng/mL in the non-leakage 
group on postoperative day 3 (p < 0.01) [16]. 
Additionally, Sánchez-Iglesias et al. (2024) reported 
that increased PCT levels could predict anastomotic 
leakage in bowel resection patients with good 
sensitivity (83.3%) and specificity (81.3%), as 
indicated by an area under the curve (AUC) of 0.823 
(Sánchez-Iglesias et al., 2024). A meta-analysis by Xu 
et al. [17] further supported the use of PCT as a 
predictor of anastomotic leakage in patients 
undergoing laparoscopic surgery [17]. The 
consistency of our findings with previous studies 
highlights the reproducibility of this result across 
different patient populations, strengthening the 
validity of our conclusions. 
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Procalcitonin is a precursor of calcitonin, primarily 
produced under physiological conditions by C cells 
of the thyroid gland and neuroendocrine tissues. 
Under normal circumstances, PCT circulates at very 
low levels. However, in systemic inflammatory 
responses, particularly bacterial infections, PCT 
levels rise significantly, making it a valuable 
biomarker for acute inflammation and sepsis [18]. In 
cases of severe infection or inflammatory processes, 
such as trauma, burns, or major surgery, PCT 
production increases systemically, involving tissues 
such as the liver, lungs, and intestines. This response 
is mediated by inflammatory cytokines, including 
interleukin-6 (IL-6), interleukin-1β (IL-1β), and 
tumor necrosis factor-alpha (TNF-α) [19]. Although 
other factors can contribute to elevated PCT levels, 
its specificity as a systemic infection marker has 
been well documented. For instance, Lee [20] 
reported that PCT has a specificity of approximately 
79% for systemic infections. 
 
In evaluating the predictive value of PCT for 
anastomotic leakage, this study found significant 
associations in a 2x2 comparative analysis. The 
temporal relationship, in which increased PCT levels 
preceded anastomotic leakage, supports its role as a 
predictive marker. The analysis showed that high 
PCT levels (>2 ng/mL) were associated with an 
increased risk of anastomotic leakage, with an odds 
ratio (OR) of 15 (95% CI: 1.652–136.17; p = 0.015) 
on postoperative day 3 and 6.00 (95% CI: 1.693–
21.26; p < 0.001) on postoperative day 5. The 
significance of elevated PCT as a predictor of 
anastomotic leakage has been identified in previous 
research by Hayati et al. [21]. Their study assessed 
the sensitivity and specificity of PCT for detecting 
anastomotic leakage compared to the gold standard, 
computed tomography (CT) scan. The findings 
indicated that PCT exhibited high specificity and 
sensitivity, reaching 72% and 67%, respectively, on 
day 0, and 85% and 100% on day 3. Moreover, 
elevated PCT levels were significantly correlated 
with CT-confirmed anastomotic leakage (p = 0.005) 
[21]. 
 
Beyond anastomotic leakage, PCT has been widely 
used in clinical settings as an inflammatory 
biomarker. Becker et al. [22] evaluated the 
association between PCT levels and bacterial 
infections, reporting an 89% sensitivity and 90% 
specificity at a cut-off of 0.5 ng/mL. Furthermore, a 
meta-analysis by Wacker et al. [23] demonstrated 
that PCT had an 85% sensitivity and 83% specificity 
for sepsis detection in intensive care unit (ICU) 
patients, further establishing its reliability as a 
biomarker [22,23]. 
 
During septicemia, alternative pathways leading to 
PCT production are activated in non-thyroid tissues, 
including leukocytes, the spleen, kidneys, pancreas, 
colon, adipocytes, and the brain. Bacterial 
endotoxins stimulate rapid PCT synthesis, which is 
detectable in circulation within 3-4 hours and 
peaks at 8-24 hours (21 In bacterial infections, 
damage-associated molecular patterns (DAMPs) and  
 
 
 

pathogen-associated molecular patterns (PAMPs) 
stimulate cells to produce PCT, leading to a 
significant rise in serum levels. Similarly, following 
major abdominal, vascular, or thoracic surgery, 
serum PCT levels tend to increase during the first 
two postoperative days, whereas levels remain low 
in patients undergoing minor aseptic procedures. 
 
Overall, this study, in conjunction with prior 
research, meets the Bradford Hill criteria for 
establishing a causal relationship between PCT 
levels and anastomotic leakage. The strength of the 
association is demonstrated by high odds ratios, 
while consistency across multiple studies reinforces 
its validity. The specificity of PCT as an inflammatory 
biomarker, the clear temporal relationship between 
increased PCT levels and leakage, and the 
biologically plausible inflammatory response 
mechanism further support this hypothesis [24]. 
 
This study reinforces the potential role of PCT in the 
early detection and risk stratification of anastomotic 
leakage. Patients at high risk of leakage due to 
infection may benefit from adequate antibiotic 
prophylaxis, thereby reducing morbidity and 
mortality [25]. 

 
RESEARCH LIMITATION  
This study has several limitations. It only assessed 
procalcitonin in post-anastomotic leakage without 
evaluating other relevant markers or mediators. 
Multivariate analysis was not conducted to 
determine procalcitonin’s independent effect. 
Additionally, long-term monitoring and clinical 
outcomes, including mortality, were not evaluated. 
Future studies should incorporate these aspects for 
a more comprehensive analysis. 
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