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ABSTRACT 

Background: Tracheostomy is a critical procedure for airway management in 

mechanically ventilated patients, yet its biological impact on systemic inflammation 

remains unclear. Procalcitonin (PCT), a biomarker of bacterial infection and 

inflammatory activity, provides valuable insight into infection dynamics in critically 

ill patients. This study sought to examine fluctuations in serum PCT levels before and 

after tracheostomy in ICU patients to evaluate inflammatory responses and potential 

advantages in infection management. 

Methods: Between January and July 2025, a prospective cohort study was done in 

three tertiary ICUs in Makassar, Indonesia. Twenty adult patients need extended 

mechanical ventilation received tracheostomy. We checked serum PCT levels four 

times: one day before the tracheostomy (H−1) and on days 3, 5, and 7 after the 

surgery. We used the Friedman and Least Significant Difference (LSD) tests to look 

at the data. The cutoff for significance was p < 0.05. 

Results: The average PCT levels dropped dramatically from 13.52 ± 22.86 ng/mL 

(H−1) to 6.64 ± 14.13 ng/mL (H+3; p = 0.048). They then progressively went back 

up on days 5 and 7. Younger patients (under 50 years old) and those who were 

intubated for a shorter duration (7 days or fewer) showed better PCT patterns, which 

implies that there was less inflammation after early tracheostomy. 

Conclusion: Tracheostomy was associated with a transient reduction in systemic 

inflammation, seen by decreased PCT levels by the third day post-procedure. The 

later rise in PCT suggests possible secondary infection or inflammatory rebound. 

Early tracheostomy and serial PCT monitoring are recommended to enhance 

infection control and optimize ICU outcomes. 

 

Introduction 

racheostomy is a vital surgical procedure 

frequently performed in critically ill patients who 

require prolonged mechanical ventilation or 

airway protection. It serves to establish a stable airway, 

facilitate pulmonary hygiene, and decrease respiratory 

workload by reducing dead space and airway resistance 

[1-2]. A number of studies have demonstrated that 

performing a tracheostomy promptly can benefit patients 

by reducing their duration of mechanical ventilation, the 

level of sedation required, and their length of stay in the 

Intensive Care Unit (ICU) [1–3]. Aside from these 

therapeutic benefits, the biological implications of 

tracheostomy, especially its effects on systemic 

inflammation and infection indicators, are still not well 

characterized in critical care settings. Procalcitonin 
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(PCT), a precursor hormone of calcitonin, has emerged 

as a prominent biomarker for bacterial infections and 

systemic inflammation. Produced primarily by thyroid C 

cells and peripheral tissues in response to bacterial 

endotoxins, PCT concentrations rise proportionally with 

the severity of infection and organ dysfunction [4-5].  

PCT is more specific for bacterial infections compared 

to other inflammatory markers such as C-reactive protein 

(CRP), rendering it effective in distinguishing between 

infectious and non-infectious inflammatory causes [6–7]. 

High levels of PCT in the blood have been linked to 

worse clinical outcomes, such as higher death rates, 

longer stays in the ICU, and slower recovery in septic 

patients [8]. 

In patients undergoing tracheostomy, fluctuations in 

PCT levels may reflect the complex interplay between 

local airway inflammation, infection control, and 

postoperative recovery. Early tracheostomy has been 

shown to lower the risk of ventilator-associated 

pneumonia (VAP) and systemic inflammatory response 

[9–10]. Conversely, a delayed or complicated 

tracheostomy may lead to localized infection, tissue 

injury, or biofilm development, thus elevating PCT levels 

[11–12]. 

So, looking at how PCT levels change before and after 

a tracheostomy will help us learn more about how the 

patient will do and help us refine timing approaches to 

attain the greatest clinical results. Numerous research has 

examined procalcitonin as an indicator of infection and 

the efficacy of treatment in ICU patients; however, only 

a limited number have investigated its temporal 

variations surrounding tracheostomy procedures, 

particularly among Southeast Asian or Indonesian 

populations. 

Variations in the etiology of infections, antibiotic 

utilization, and the coexistence of comorbidities among 

patients may influence the dynamics of biomarkers and 

their clinical interpretation. So, understanding how 

tracheostomy and PCT changes are related is important 

for improving infection monitoring and postoperative 

care in critical care. 

This study aims to investigate the differences in serum 

procalcitonin levels before and after tracheostomy in ICU 

patients, thereby providing empirical evidence 

concerning the inflammatory and infectious response to 

tracheostomy in a tertiary hospital setting. 

Methods 

This study employed a prospective cohort design to 

evaluate changes in serum PCT levels before and after 

tracheostomy in critically ill patients.  

The study took place in the ICUs of three tertiary 

teaching hospitals in Makassar, Indonesia: Dr. Wahidin 

Sudirohusodo General Hospital, Universitas Hasanuddin 

Hospital, and Pelamonia Hospital. Data collection 

occurred from January 2025 until July 2025. 

Study Population 

The study population included patients who were 

severely ill and had to stay in the ICU for a long time 

because they needed tracheostomy to manage their 

airways. Adults aged 18 and older who were on 

mechanical ventilation and had a medical reason for 

needing a tracheostomy as evaluated by an intensivist or 

anesthesiologist were eligible to take part. Informed 

consent was obtained from each patient’s legal 

representative prior to enrollment. Patients were 

excluded if they presented with coagulopathy or bleeding 

diathesis, local infection or trauma at the tracheostomy 

site, thoracic trauma causing respiratory compromise, or 

a pre-existing chronic pulmonary disease prior to 

intubation. Individuals who were discharged against 

medical advice during the study period were also 

excluded. 

Sampling and Sample Size Determination 

Using a consecutive sampling method, all eligible ICU 

patients who had a tracheostomy during the study period 

were included in the samples. We used a paired mean 

comparison algorithm to figure out the smallest sample 

size. With these settings, at least 20 patients were needed 

to reach 90% confidence with a 20% margin of error. 

Tracheostomy  

Tracheostomy was defined as a surgical procedure 

creating an artificial airway through a cervical incision 

into the trachea.  

Procalcitonin level  

Procalcitonin level referred to the serum concentration 

obtained through laboratory quantification before and 

after the procedure using Human Procalcitonin from BT-

Lab Kit catalog no. E0977Hu (Zhejiang, China). 

Data Collection Procedures 

For each participant, serum procalcitonin levels were 

measured at four specific time points: one day before 

tracheostomy (H−1), three days after the procedure 

(H+3), five days after tracheostomy (H+5), and seven 

days after tracheostomy (H+7). The hospital's central 

laboratory used the enzyme-linked immunosorbent assay 

(ELISA) method to test venous blood samples that were 

taken in sterile settings. Along with biomarker tests, 

clinical and demographic data—such as age, sex, primary 

diagnosis, comorbid conditions, duration of intubation, 

and vital signs—were gathered from electronic medical 

records for thorough analysis. 
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Data Analysis 

All data were entered and analyzed using IBM SPSS 

Statistics version 25.0. Data cleaning and normality 

testing were performed prior to analysis. Continuous 

variables were represented as mean ± standard deviation 

(SD) or median (interquartile range) where suitable. We 

used the Friedman test to see if there were any variations 

in PCT levels between the four measurement points.  

The Least Significant Difference (LSD) test was used 

to do post-hoc pairwise comparisons. A P value of less 

than 0.05 was considered statistically significant. 

Ethical Considerations 

All study procedures adhered to the principles of the 

Declaration of Helsinki. Ethical approval for this study 

was obtained from the Ethics Committee of the Faculty 

of Medicine, Hasanuddin University (approval number: 

262/UN4.6.4.5.31/PP36/2025).  

Written informed consent was provided by the patient’s 

legal representative prior to inclusion. All patient data 

were anonymized to ensure confidentiality and privacy 

throughout the research process. 

Results 

Patient Characteristics 

A total of 20 patients who met the inclusion criteria 

were enrolled in this study. The majority were male (n = 

14; 70%) and aged below 50 years (n = 11; 55%). The 

mean duration of intubation prior to tracheostomy was 11 

± 6 days (range: 5–22 days). Based on duration, 7 patients 

(35%) were intubated for ≤7 days, 7 patients (35%) for 

8–15 days, and 6 patients (30%) for >15 days. 

Changes in Procalcitonin Levels Before and After 

Tracheostomy 

(Table 1) summarizes serum procalcitonin (PCT) levels 

at four different time points: one day before tracheostomy 

(H−1) and on days 3, 5, and 7 after the procedure. The 

Friedman test revealed a significant difference in PCT 

levels across the four time points (p < 0.05). The mean 

PCT level dropped a much, from 13.52 ng/mL (H−1) to 

6.64 ng/mL (H+3). It then slowly went back up to 8.88 

ng/mL (H+5) and 17.22 ng/mL (H+7).  

On day 3 after the tracheostomy, the mean value was 

the lowest. A post-hoc LSD analysis showed that PCT 

was significantly lower between H−1 and H+3 (p = 

0.048). However, no significant differences were 

observed among the subsequent post-tracheostomy 

measurements (H+3 vs. H+5 vs. H+7; p > 0.05). This 

finding suggests a transient suppression of systemic 

inflammation following tracheostomy, followed by 

variable recovery or secondary inflammatory responses 

at later time points. 

Procalcitonin Levels by Age Group 

A comparison of PCT kinetics between age groups 

(<50 years and ≥50 years) is presented in (Table 2). For 

patients under 50 years old, the highest PCT level was 

seen before the tracheostomy (H−1), and then it dropped 

significantly on day 3 (H+3). 

Conversely, older patients (≥50 years) exhibited lower 

baseline PCT levels, which increased progressively by 

day 7 (H+7). Both age groups exhibited statistically 

significant differences over time (p < 0.05), with the 

younger cohort showing a greater amplitude of change. 

These results imply that younger patients may exhibit a 

more pronounced inflammatory response that normalizes 

more rapidly after tracheostomy. 

Procalcitonin Concentrations Relative to Intubation 

Duration 

The dynamics of PCT also changed according on how 

long the patient had been intubated before the 

tracheostomy (Table 3). Patients intubated for ≤7 days 

showed a significant drop in PCT levels by day 3, which 

then slowly rose by day 7.

Table 1- Mean Serum Procalcitonin Levels at Each Time Point (n = 20) 

Time of Measurement Minimum (ng/mL) Maximum (ng/mL) Mean ± SD (ng/mL) P value 

H−1 (Pre-tracheostomy) 0.22 74.12 13.52 ± 22.86 0.001 

H+3 0.04 60.76 6.64 ± 14.13 
 

H+5 0.03 67.60 8.88 ± 16.51 
 

H+7 0.02 95.42 17.22 ± 31.01 
 

Note: Friedman test 

Table 2- Mean Procalcitonin Levels by Age Group 

Age Group (years) Measurement Time Mean ± SD (ng/mL) P value 

<50 (n=11) H−1 21.98 ± 28.46 0.014  
H+3 10.26 ± 18.52 

 

 
H+5 11.25 ± 20.59 

 

 
H+7 20.21 ± 32.30 

 

≥50 years (n=9) H−1 3.19 ± 3.22 0.008  
H+3 2.22 ± 2.39 

 

 
H+5 5.97 ± 10.02 
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H+7 13.56 ± 30.86 

 

Note: Friedman test 

Table 3- Serum Procalcitonin Levels by Duration of Intubation 

Duration of Intubation Measurement Time Mean ± SD (ng/mL) P value (Friedman Test) 

≤7 (n=7) H−1 7.20 ± 6.82 0.007  
H+3 2.97 ± 2.56 

 

 
H+5 5.06 ± 4.90 

 

 
H+7 16.96 ± 31.07 

 

8–15 days (n=7) H−1 21.28 ± 30.71 0.004  
H+3 14.44 ± 22.65 

 

 
H+5 14.90 ± 25.36 

 

 
H+7 17.64 ± 29.10 

 

>15 days (n=6) H−1 11.86 ± 25.59 0.642  
H+3 1.83 ± 1.98 

 

 
H+5 6.31 ± 12.52 

 

 
H+7 17.02 ± 38.46 

 

Those with 8–15 days of intubation showed persistently 

elevated PCT levels across all time points, indicating 

sustained inflammatory activity. Meanwhile, patients 

intubated for more than 15 days showed wide variability 

and no statistically significant difference across time (p > 

0.05). These results indicate that prolonged pre-

tracheostomy intubation may diminish the anti-

inflammatory advantages usually seen post-procedure. 

Discussion 

This study looked at the link between tracheostomy and 

serum PCT levels in very ill patients who were being 

treated in the ICU. The results showed that PCT levels 

were much lower on day three after the tracheostomy than 

they were before the treatment. They then slowly rose on 

days five and seven. These results suggest that 

tracheostomy may temporarily alleviate systemic 

inflammation and infection load, with subsequent 

variations indicating inconsistent clinical recovery or the 

possibility of secondary infection.  

The noted decrease in PCT following tracheostomy 

corresponds with other research indicating that 

tracheostomy can enhance airway clearance, reduce 

ventilator-induced stress, and alleviate inflammatory 

reactions [9,12]. Early airway stabilization diminishes 

alveolar strain and secretion retention, both recognized as 

catalysts of cytokine-mediated inflammation [2]. PCT is 

a biomarker for bacterial infection and systemic 

inflammation, and it is sensitive to changes in the amount 

of microbes and inflammatory mediators that are released 

[4-5]. So, the early drop in PCT after tracheostomy 

probably means that the breathing got better and the 

bacteria didn't grow as much because of better secretion 

management and less irritation of the endotracheal tube. 

However, the following increase in PCT levels by day 

seven indicates that inflammatory processes may 

resurface, potentially due to new infections, biofilm 

development at the tracheostomy site, or ongoing 

systemic inflammation [11]. Accumulation of biofilm on 

tracheostomy tubes has been recognized as a possible 

origin of chronic infection and microbial persistence in 

ICU patients [8]. Moreover, extended mechanical 

ventilation, comorbidities, and patterns of antibiotic 

resistance may impede the timely normalization of PCT. 

These findings show how important it is to keep an eye 

on infections and change antibiotic therapy as soon as 

possible following a tracheostomy. Most of the people 

who took part in this study were men and under 50 years 

old. The mean period of intubation prior to tracheostomy 

was roughly 11 days, with the majority of patients 

intubated for under 15 days. These demographic trends 

were in line with earlier research that showed that middle-

aged to older men who need long-term mechanical 

ventilation are more likely to have a tracheostomy [13–

14].  

This study also showed that PCT kinetics changed with 

age. Younger patients (<50 years) had elevated baseline 

PCT levels and a more significant reduction post-

tracheostomy in comparison to older patients. Younger 

people may have more systemic immune activation and 

recover more quickly, which could explain this trend 

[15–16]. On the other hand, elderly patients had lower 

baseline PCT and took longer to return to normal. This 

could be because their immune systems were weaker, 

their cytokine regulation was off, and they were more 

likely to get sick [17–19]. These results show that the age 

of the patient could be a confounding factor when looking 

at inflammatory biomarker responses in people in critical 

care. 

The length of time a person was intubated before 

having a tracheostomy also seemed to affect PCT 

dynamics. Patients who were intubated for less than 

seven days had the best biomarker trend, with PCT levels 

dropping quickly after the surgery. Conversely, 

individuals subjected to prolonged intubation (8–15 days 
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or more) exhibited consistently increased or variable PCT 

readings. Prolonged intubation is known to increase the 

risk of ventilator-associated pneumonia and systemic 

inflammation due to microaspiration and mucosal trauma 

[20-21]. The findings of this study thus support the 

concept of early tracheostomy, which has been shown to 

reduce mechanical ventilation duration, antibiotic 

exposure, and ICU stay [1,22]. These results have 

important clinical implications. Serial monitoring of PCT 

offers a pragmatic and objective method to evaluate the 

inflammatory condition of tracheostomized patients and 

to inform antimicrobial treatment. Several studies have 

shown that PCT-guided antibiotic stewardship can safely 

shorten the length of time antibiotics are given without 

hurting patient outcomes [23–25]. In this context, the 

temporary decrease in PCT after tracheostomy could help 

make decisions about lowering the dose of antibiotics. On 

the other hand, a later rise in PCT could make doctors 

rethink the possibility of a secondary infection or 

problems with the procedure. Nonetheless, the study 

possesses numerous drawbacks. The limited sample size 

(n = 20) and brief observation period (7 days post-

tracheostomy) constrain the generalizability of the 

results. The lack of microbiological culture data hinders 

the correlation of PCT alterations with particular 

pathogens or infection sources. Also, differences in 

patients' comorbidities, antibiotic regimens, and 

mechanical ventilator settings may have affected how 

biomarkers responded. Subsequent multicenter 

investigations with bigger cohorts, extended follow-up 

periods, and comprehensive microbiological evaluations 

are necessary to corroborate these findings and develop 

uniform monitoring techniques. 

Conclusion 

Tracheostomy was linked to a big drop in serum 

procalcitonin levels on the third day following the 

procedure. This shows that inflammation and infection in 

the body were lessened. The subsequent increase in PCT 

by day seven indicates a potential secondary infection or 

inflammatory rebound. Younger patients and those who 

underwent early tracheostomy showed more favorable 

biomarker responses. These findings highlight the 

importance of early tracheostomy and continuous PCT 

monitoring to optimize infection control and clinical 

outcomes in critically ill patients. 
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