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ABSTRACT

Background: The misuse of antibiotic
therapies in hospitalized sepsis patients
increases hospital length of stay and
antimicrobial resistance. Procalcitonin (PCT)
is a biomarker for bacterial infections that can
guide doctors in their decisions about whether
to continue antibiotic therapy. The study aimed
to compare hospital length of stay and duration
of antibiotic therapy in patients managed with
PCT decision protocols against comparable
patients managed with standard care without
PCT.

Methods: A randomized controlled trial was
conducted in the Department of Medicine,
MTI/Khyber Teaching Hospital, Peshawar, over
six months from 1% December 2023 to 30™ June
2024. A total of 104 patients with severe sepsis
were reviewed and randomized into two equal
groups using a non-probability consecutive
sampling technique. PCT-guided antibiotic

therapy was given to Group A patients while
Group B patients received standard treatment
without PCT. Patients were followed to discharge.
Outcomes assessed were hospital length of stay
and duration of antibiotic therapy. Data was
analysed using SPSS version 25, with a p < 0.05
considered statistically significant.

Results: The mean length of hospital stay was
shorter in the PCT-guided group (14.2 + 4.6
days) than the standard group (18.1 £ 5.3 days;
p = 0.0001). The mean length of antibiotic
therapy was also reduced in Group A (7.9 +2.3
days) versus Group B (11.6 + 3.1 days; p =
0.0001).

Conclusion: PCT-guided antibiotic protocol
significantly reduces antibiotic exposure in
addition to hospital stay for patients who
present with severe sepsis. As a result, this
treatment fostered antimicrobial stewardship
and positively impacted clinical outcomes
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INTRODUCTION

Sepsis is a life-threatening condition associated with a dysregulated host response to infection,
leading to multi-organ dysfunction and death 2. Severe sepsis is a more serious condition, and both
conditions pose a substantial burden to health systems around the world; complications arise due to
high mortality rates, prolonged hospital lengths of stay, and the consumption of healthcare resources
3. The primary therapeutic focus should be on timely and appropriate cases of antimicrobial therapy,
source control, and supportive care *. Excessive duration and unnecessary prescription of antibiotics
are important factors in exacerbating the emergence of antimicrobial-resistant pathogens, costs to

healthcare systems, and the adverse effects of drugs °.

Individually, in recent years, Procalcitonin (PCT) - a precursor of the hormone calcitonin - has been
explored as a biomarker for the diagnosis, prognosis, and management of antibiotic therapy for
bacterial infections, such as sepsis® ’. Procalcitonin is particularly advantageous, as it rises rapidly in
systemic bacterial infections, and undergoes a rapid decline when the resolution of the infection
occurs (CRP takes longer to resolve) ® °. Procalcitonin offers clinicians guidance in terms of real-
time updates on the patient's status of infection and treatment response!®. PCT-guided protocols have
also shown promise for allowing clinicians to treat septic patients with the lowest possible duration
of antibiotic therapy!!. These examples demonstrate that PCT-guided protocols can reduce total

exposure to antibiotics without compromising patient outcomes as currently measured'2.

There is growing evidence to support the role of procalcitonin (PCT) to guide antibiotic (Ab) therapy,
and whether guideline adherence by providers could influence variability encountered with antibiotic
stewardship based on the use of PCT guidelines'* '*. With clinical judgment exercised alongside no
standard protocols, variations will emerge as to when and how, antibiotics are initiated and/or
stopped; this variation will affect the variability of improvement that will be seen with clinical
outcomes. An understanding of the clinical implications of how strict adherence to using PCT-guided

protocols impacts severe sepsis will help in antibiotic stewardship and patient care improvement.

Sepsis management has historically included the overuse of antibiotics, seeking to reduce mortality
rates, and can occasionally inadvertently contribute to antibiotic resistance and complications like
Clostridium difficile infections'®. Procalcitonin-guided protocols are a basis for evidence-based
approaches to optimize the use of antibiotics. However, the protocols' adherence in the real world is
variable and could also affect their clinical effectiveness. Exploring and analyzing patient outcomes
of those in whom evidence-based guidelines have been strictly adhered to versus those in whom

guidelines were not used could provide useful information on their practical application and utility
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of future guidelines. The purpose of this study was to examine the effectiveness of adherence to

procalcitonin-guided antibiotic (AB) protocols in severe sepsis patients.
METHODS

This randomized controlled trial took place at the Department of Medicine, Khyber Teaching
Hospital, MTI, Peshawar, over six months from 1% December 2023 to 30" June 2024. Ethical
approval was obtained from the Institutional Review Board (IRB) of the Khyber Teaching Hospital,
Peshawar (Approval No: 733/DME/KMC; Dated: 16" November 2023)

Using a non-probability consecutive sampling technique, 104 patients in total were recruited, with
52 patients assigned to each group. The sample size was calculated using the WHO sample size
formula, based on the assumption that the anticipated mean hospital stays in patients receiving
procalcitonin (PCT)-guided antibiotic therapy would be 16.38 & 5.87 days, compared to 19.68 + 6.03
days in those receiving standard non-PCT-guided antibiotic therapy. The study was powered at 80%

with a 95% confidence level>.

Patients aged 18 to 60 years of both genders who were diagnosed with severe sepsis, as defined by
standard criteria, were eligible for inclusion. Patients who were immunocompromised, had received
antibiotics within the preceding two weeks, or had severe cardiopulmonary compromise were
excluded. After obtaining approval from the hospital’s research review board, eligible patients
admitted to the indoor medical wards were enrolled. Informed consent was obtained from each
participant. Baseline demographic and clinical data were collected, including age, gender, BMI,

education, profession, socioeconomic status, residence, and duration of illness.

Patients were randomized into two equal groups using blocked randomization. Group A received
PCT-guided antibiotic therapy, while Group B received standard antibiotic treatment without PCT
guidance. The PCT-guided protocol involved initiating antibiotics based on clinical judgment,
followed by daily PCT measurements from days 1 to 3, and then every other day from day 4 onward.
Antibiotics were discontinued when the PCT level dropped below 0.50 ng/mL or decreased to <10%
of the peak value. Patients were followed until discharge from the hospital. The primary outcomes
assessed were length of hospital stay and duration of antibiotic treatment. The length of hospital stay
was defined as the total number of calendar days the patient remained admitted. The duration of
antibiotic treatment was calculated by dividing the total number of doses by the number of daily
doses. In cases of combination therapy, the duration of the antibiotic administered for the longest

period was considered, without summing concurrently administered antibiotics.
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Sepsis was diagnosed when at least two of the following criteria were met: temperature >38°C or
<36°C, heart rate >90/min, respiratory rate >20/min or PaCO: <32 mm Hg, and leukocyte count
>12x10%/L or <4x10°/L or >10% immature neutrophils. Severe sepsis was defined as sepsis with
evidence of organ dysfunction, such as a rise in serum creatinine by >0.5 mg/dL, serum bilirubin >2
mg/dL, or altered mental status. Data were recorded on a structured proforma by the principal

investigator.

Statistical analysis was conducted using IBM SPSS version 25. Continuous variables such as age,
BMLI, disease duration, hospital stay, and antibiotic duration were summarized using mean =+ standard
deviation. Categorical variables such as gender, education, occupation, socioeconomic status, and
residence were expressed as frequencies and percentages. Stratification was done for potential
confounders, including age, gender, BMI, education, profession, socioeconomic status, residence,
disease duration, and infection source. Both groups will be compared for length of hospital stay and
length of antibiotic treatment by using the Independent Sample t-test. Length of hospital stay and
antibiotic treatment were stratified by age, gender, BMI, disease duration, and source of infection.
Post-stratification Independent Sample t-test was applied. P value <0.05 will be considered

statistically significant.
RESULTS

The trial had 104 patients with severe sepsis who were randomly assigned to one of two groups:
Group A (PCT-guided therapy, n = 52) or Group B (Standard care, n = 52). The individuals' initial
clinical and demographic traits were similar in the two groups. Patients in Group A were 45.6 = 11.2
years old on average, whereas those in Group B were 46.3 + 10.8 years old (p = 0.746). Similarly,
there was no significant difference in the mean BMI between Group A and Group B, which was 25.4
+ 3.6 kg/m? and 25.8 £ 3.3 kg/m? (p = 0.556). Group A and Group B had similar mean durations of
illness before hospitalization, with Group A's mean being 4.2 + 0.9 days and Group B's being 4.4 +
0.8 days (p = 0.233).
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Table 1: Baseline Characteristics of Study Participants (n = 104)

Variable Group A (PCT-guided) Group B (Standard)
n=52 n=52

Age (years) 45.6+11.2 46.3 £10.8 0.746
BMI (kg/m?) 254+£3.6 25.8+3.3 0.556
Disease duration 42+09 44+0.8 0.233
(days)
Gender
Male 28 (53.8%) 30 (57.7%) 0.692
Female 24 (46.2%) 22 (42.3%)
Literacy
Educated 30 (57.7%) 27 (51.9%) 0.554
Uneducated 22 (42.3%) 25 (48.1%)
Occupation
Employed 24 (46.2%) 26 (50.0%) 0.694
Unemployed 28 (53.8%) 26 (50.0%)
Socioeconomic Status
Low 33 (63.5%) 31 (59.6%) 0.686
High 19 (36.5%) 21 (40.4%)
Residence
Urban 29 (55.8%) 28 (53.8%) 0.843
Rural 23 (44.2%) 24 (46.2%)

The Independent Sample T-test and the Chi-square test were used, and the p-value was statistically significant if <0.05.

Regarding the distribution of patients by gender, Group A had 53.8% more male patients than Group
B, which had 57.7% more patients (p = 0.692). With 57.7% of patients in Group A and 51.9% in
Group B being educated, the groups' literacy levels were comparable (p = 0.554). Given that 50.0%
of patients in Group B and 46.2% of patients in Group A were employed, there was no discernible
difference in employment status (p = 0.694). In terms of socioeconomic level, 59.6% of patients in

the standard therapy group came from a low-income background, whereas 63.5% of patients in the
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PCT-guided group did so (p = 0.686). 55.8% of participants in Group A and 53.8% of participants in
Group B reported living in an urban area (p = 0.843). traits of the two groups, suggesting that the
randomization process was successful and that the groups were comparable before the intervention,

Table 1.

Table 2: Comparison of Outcomes Between Study Groups (n=104)

Outcome Group A (PCT-guided) = Group B (Standard) p-value
n=52 n=52
Length of hospital stay (days) | 14.2+£4.6 18.1+5.3 0.0001
Duration of antibiotic therapy | 7.9+ 2.3 11.6+3.1 0.0001
(days)

An Independent Sample T-test was used, and p< 0.05 is considered significant.

Compared to patients in the usual therapy group, those in the PCT-guided group had noticeably better
results. Group A had a significantly shorter average hospital stay (14.2 = 4.6 days) than Group B
(18.1 + 5.3 days), and the difference was statistically significant (p = 0.0001). Similarly, the PCT-
guided group's antibiotic therapy duration was shorter than that of the standard therapy group, with
a mean of 7.9 = 2.3 days compared to 11.6 = 3.1 days (p = 0.0001). According to these results,
patients with severe sepsis can successfully decrease their hospital stay and antibiotic exposure by

following a procalcitonin-guided antibiotic strategy, Table 2.

Stratification was performed to assess whether the beneficial effects of procalcitonin-guided therapy
on hospital stay and antibiotic duration were consistent across key demographic and clinical
subgroups. The reduction in both outcomes remained statistically significant in all stratified
categories. When stratified by age, patients aged <50 years in the PCT-guided group had a
significantly shorter hospital stay (13.8 £ 4.2 vs. 17.3 £ 5.1 days; p = 0.002) and antibiotic duration
(7.6 £ 2.1 vs. 10.9 + 2.8 days; p = 0.001) compared to the standard group. Similar results were
observed in patients >50 years, with a hospital stay of 15.1 +4.1 vs. 19.0 + 5.0 days (p = 0.001) and
antibiotic duration of 8.4 = 2.1 vs. 12.0 &+ 3.0 days (p = 0.0001).
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Table 3: Comparison of Length of Hospital Stay and Antibiotic Duration by the Potential

Confounding Variables

Variable Category Outcome Group A Group B
(Mean = SD) (Mean = SD)
Age <50 years Hospital Stay 13.8+4.2 17.3+5.1 0.002
(days)
Antibiotic 7.6 2.1 10.9£2.8 0.001
Duration
(days)
>50 years Hospital Stay 15.1+4.1 19.0+£5.0 0.001
(days)
Antibiotic 84+2.1 12.0+3.0 0.0001
Duration
(days)
Gender Male Hospital Stay 13.9+44 18.0+5.2 0.001
Antibiotic 7.8+2.4 11.4+3.0 0.001
Duration
Female Hospital Stay 14.5+4.5 183£5.5 0.002
Antibiotic 8.0£22 11.8+3.2 0.001
Duration
BMI Normal Hospital Stay 13.6 £4.1 17.5+4.9 0.004
Antibiotic 7.4+2.0 10.8 £2.9 0.001
Duration
Overweight Hospital Stay 14.7+4.5 18.7+54 0.003
Antibiotic 8.1+2.5 12.0+3.2 0.001
Duration
Disease <S5 days Hospital Stay 13.8+423 17.5+5.1 0.004
Duration
Antibiotic 7.6+2.1 11.0+£3.0 0.001
Duration
>5 days Hospital Stay 15.0+4.6 19.0+5.3 0.002
Antibiotic 85+2.)5 123 +3.1 0.001
Duration
Respiratory Hospital Stay 14.0+44 18.1 £5.1 0.002
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Source of Antibiotic 79+£23 11.5+£3.0 0.001
Infection Duration
Urinary Tract | Hospital Stay 14.5+4.7 18.5+54 0.003
Antibiotic 82+24 12.0+3.1 0.001
Duration
Abdominal Hospital Stay 14.8+4.8 18.8+5.5 0.004
Antibiotic 83+£22 12.1£3.0 0.001
Duration

The Independent Sample T-test was used to compare Group A and Group B, and a p-value < 0.05 is considered significant.

Stratification by gender showed a consistent trend. Among males, the PCT group had significantly
shorter hospital stays (13.9 + 4.4 vs. 18.0 £ 5.2 days; p = 0.001) and antibiotic durations (7.8 + 2.4
vs. 11.4+3.0 days; p =0.001). A similar pattern was seen in females. In both normal and overweight
BMI categories, the PCT-guided group experienced significantly reduced hospital stays and
antibiotic durations (all p < 0.01). This trend persisted regardless of disease duration, with patients
having both <5 days and >5 days of symptoms benefiting from shorter treatment durations in the
PCT group. When analyzed by source of infection, the PCT-guided group consistently showed
reductions in hospital stay and antibiotic duration across respiratory, urinary tract, and abdominal

infections, with all comparisons reaching statistical significance (p < 0.005) Table 3.
DISCUSSION

The duration of antibiotic medication and length of hospital stay were the main outcomes of this
study, which looked at the effects of adhering to a procalcitonin (PCT)-guided antibiotic strategy in
a cohort of patients who had severe sepsis. The findings demonstrated that, when compared to the
standard care group, patients treated with a procalcitonin-guided approach experienced significantly
shorter hospital stays and shorter antibiotic durations. These findings were consistent across other
stratified variables, including age, gender, BMI, education, length of illness, and source of infection,

suggesting that any effects of procalcitonin-guided therapy were strong and broadly applicable.

Our findings are very comparable to those shown by other studies which assessed the effects of a
PCT-guided antibiotic cessation approach in ICU patients '® 7. This result is in line with our finding
of a 3.7-day reduction in duration of antibiotics between groups (11.6 days versus 7.9 days). Another

study by Siriwardena et al. (2022) reported fewer days of antibiotic use and fewer deaths at 28 days



Naeem et al., 2025 ISSN (Print): 2313-7371 ISSN (Online): 2308-2593
[ | | OPEN ACCESS |

in patients who had procalcitonin guidance, further validating the clinical use of PCT in septic

patients'®,

Several studies showed that PCT-guided protocols are associated with a reduction in antibiotic
duration of about 2.4 days and a shorter hospital stay in some studies'®2%2!, In our study, the hospital
length of stay was 3.9 days shorter in the PCT group (14.2 vs 18.1 days), thus affirming the utility of
PCT not only in optimizing antibiotic use but also in contributing to the reduction of costs and

resource burden for the healthcare system.

Importantly, the consistency of our findings across subgroups adds strength to the argument for using
PCT-guided algorithms in routine clinical practice. For example, both younger (<50 years) and older
(>50 years) patients showed significantly improved outcomes with PCT-guided care. Likewise,
reductions were observed in patients with both short (<5 days) and longer (>5 days) disease durations,
and in all infection types (respiratory, urinary, abdominal). This aligns with the findings of several
studies that reported in their multicenter trial that the benefits of PCT guidance were consistent
regardless of infection source or site of care (ICU vs. general wards)** ?°. Another recent trial
supported our findings by reporting significantly lower antibiotic duration in the PCT group,
demonstrating similar effectiveness of the protocol in a non-Western population, which is particularly

relevant to our setting in Pakistan®* %5,

In terms of practical implementation, our study supports the feasibility and effectiveness of
integrating a PCT-guided approach in a resource-limited tertiary care hospital. The statistical
significance observed in our results (p < 0.001 for both primary outcomes) underscores not only
clinical relevance but also the potential to enhance antibiotic stewardship programs in low- and
middle-income countries (LMICs). Considering the rising threat of antimicrobial resistance (AMR)
in such settings, the timely use of biomarkers like PCT could play a vital role in rationalizing

antibiotic use without compromising patient outcomes.

Despite the compelling findings, our study has certain limitations. First, while randomization ensured
comparable groups, it was conducted in a single center, potentially limiting generalizability. Second,
we did not assess long-term outcomes such as 28-day mortality or reinfection rates, which are
relevant endpoints in severe sepsis. Additionally, although PCT-guided therapy led to shorter
treatment duration, the cost-effectiveness analysis of implementing serial PCT testing was beyond

the scope of this study and warrants further exploration.

Overall, our findings are consistent with and reinforce previous research supporting PCT-guided

antibiotic therapy as an effective, evidence-based strategy in the management of severe sepsis. The
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observed reductions in both antibiotic duration and hospital stay highlight its potential to improve
clinical outcomes while combating the overuse of antibiotics. These results advocate for wider
adoption of PCT-guided protocols, particularly in resource-constrained healthcare systems facing

increasing antimicrobial resistance.
CONCLUSION

The present study found that adherence to a procalcitonin-guided antibiotic protocol in patients with
severe sepsis significantly reduced both the length of hospital stay and the duration of antibiotic
therapy compared to standard care. These effects were consistent across multiple patient subgroups,
reinforcing the reliability of the intervention. The findings support the clinical utility of PCT in
optimizing antibiotic use, minimizing unnecessary exposure, and potentially reducing healthcare
costs. Incorporating PCT-guided protocols into routine practice could be a valuable step toward
improving sepsis management and combating antimicrobial resistance, particularly in resource-

limited healthcare settings.
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