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preoperative sepsis severity (adjusted OR
2.53, 95% CI 1.39-4.61) were independent
predictors of adverse ICU outcome. These
findings indicate that perioperative CRP
trend analysis may serve as a clinically
valuable prognostic marker for early
identification  of  high-risk  patients
undergoing thoracic surgery for empyema.
The study highlights the significance of
dynamic inflammatory = monitoring in
improving  postoperative  critical  care
management and demonstrates a novel

approach integrating perioperative biomarker

assessment with ICU outcome prediction.

Keywords: empyema; C-reactive protein;

thoracic surgery

Introduction

Empyema thoracis remains a clinically
significant thoracic infection associated with
substantial morbidity, postoperative
complications, prolonged hospitalization,
and increased mortality. The condition is
characterized by accumulation of purulent
material within the pleural cavity secondary
to bacterial infection, pneumonia, thoracic
trauma, or postoperative contamination.
Despite improvements in antibiotic therapy,

minimally invasive thoracic interventions,

and critical care management, empyema

continues to present considerable therapeutic
challenges because of its progressive
inflammatory nature and associated systemic
Advanced

complications. empyema

frequently requires thoracic  surgical
intervention including decortication, video-
assisted thoracoscopic surgery, or open
thoracotomy to achieve adequate pleural
drainage and lung re-expansion. However,
postoperative recovery following thoracic
surgery remains highly variable and is often
complicated by respiratory failure, persistent
sepsis, prolonged mechanical ventilation, and

intensive care unit admission [1-3].

Inflammatory activation plays a central role
in the pathophysiology of empyema and
postoperative recovery. During pleural
infection, inflammatory cytokines stimulate
hepatic synthesis of acute-phase proteins
including C-reactive protein (CRP), which
reflects the magnitude of systemic
inflammatory response. CRP is widely
recognized as a sensitive biomarker of
infection, tissue injury, and postoperative
inflammation. Elevated CRP concentrations
have been associated with increased disease
severity, poor postoperative recovery, and
adverse outcomes across multiple surgical
specialties. In thoracic surgery, persistent

postoperative elevation of CRP may indicate

4514 | International Journal of Pharmacy Research & Technology | Jan -June 2026| Vol 16| Issue 1



Shurjeel Latif et al / Perioperative C-reactive protein trends and ICU outcome in patients undergoing thoracic
surgery for Empyema

ongoing pleural infection, inadequate source
control, or evolving complications such as
persistent sepsis and respiratory compromise
[2-5]. Consequently, serial perioperative
CRP monitoring has attracted growing
attention as a potential prognostic tool in

critically ill thoracic surgical patients.

Recent evidence has emphasized the
prognostic  value of  perioperative
inflammatory biomarkers in predicting
postoperative  complications and ICU
outcomes. Several studies have demonstrated
that persistently elevated postoperative CRP
levels correlate with increased risk of
pulmonary complications, prolonged
ventilation, and extended intensive care stay
following major thoracic  procedures.
Dynamic changes in CRP concentrations
may therefore provide more clinically
relevant  information  than  isolated
measurements because trend analysis reflects
the progression or resolution of systemic
inflammatory activity over time. Studies
published after 2021 have suggested that
failure of CRP normalization after thoracic
surgery may indicate persistent infectious
burden and unfavorable postoperative
progression [4-7]. These observations

support the integration of inflammatory

biomarker monitoring into postoperative

critical care assessment.

Thoracic surgery for empyema is frequently
associated with severe systemic
inflammation because patients often present
with advanced pleural infection, septic
physiology, impaired nutritional status, and
compromised respiratory reserve. The
inflammatory response may be further
intensified by surgical tissue injury and
perioperative physiological stress.
Consequently, patients undergoing thoracic
surgery for empyema are at increased risk of
postoperative respiratory failure, prolonged
ICU admission, hemodynamic instability,
and mortality. Identification of reliable
perioperative  biomarkers  capable of
predicting ICU outcome may therefore
contribute  significantly to early risk
stratification and optimization of
postoperative management strategies [5-8].
Nevertheless, limited data remain available
regarding  the  relationship  between
perioperative CRP trends and ICU outcomes
specifically in empyema patients undergoing

thoracic surgery.

Mechanical ventilation duration represents
another important determinant of ICU

outcome following thoracic

surgery.

Persistent systemic inflammation may impair

4515 | International Journal of Pharmacy Research & Technology | Jan -June 2026 Vol 16| Issue 1



Shurjeel Latif et al / Perioperative C-reactive protein trends and ICU outcome in patients undergoing thoracic
surgery for Empyema

pulmonary function recovery, delay weaning
from ventilatory support, and increase
susceptibility to secondary pulmonary
complications. Elevated postoperative CRP
levels have been linked to prolonged
mechanical ventilation and higher rates of
postoperative respiratory distress.
Furthermore, preoperative septic burden and
advanced inflammatory activity —may
contribute to impaired postoperative tissue
healing and persistent organ dysfunction [6-
9]. These multidimensional interactions
suggest that perioperative CRP trends may
reflect not only inflammatory status but also

broader physiological recovery following

thoracic surgery.

Although CRP has been extensively
investigated in infectious and surgical
conditions, evidence  regarding  its
perioperative dynamic profile in empyema-
related thoracic surgery remains limited.
Most available studies have evaluated
isolated postoperative CRP values rather than
comprehensive perioperative trends
integrated with ICU outcomes and
postoperative complications. Additionally,
limited regional evidence exists regarding the
prognostic  significance of serial CRP
monitoring in critically ill thoracic surgical

populations. Therefore, the present study was

designed to evaluate perioperative CRP
trends and their association with ICU
outcomes among patients undergoing
thoracic surgery for empyema. The study
additionally aimed to identify independent
predictors of adverse ICU outcome using
comprehensive perioperative clinical and

inflammatory assessment [1-10].

Methodology

A prospective observational study was
conducted at Khawaja Muhammad Safdar
Medical College. The study population
consisted of adult patients diagnosed with
empyema thoracis requiring thoracic surgical
intervention including video-assisted
thoracoscopic surgery decortication, open
thoracotomy  decortication, or pleural
drainage procedures. Patients were admitted
through emergency and pulmonary surgery
departments and subsequently managed in
postoperative intensive care units according

to institutional thoracic critical care

protocols.

Sample size calculation was performed using
OpenEpi version 3.01 by considering a
confidence interval of 95%, study power of
80%, anticipated frequency of adverse ICU
outcome among patients with elevated

postoperative CRP of 35%, odds ratio of 2.0,
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and equal allocation ratio. The minimum
required sample size was calculated as 296
participants. To compensate for incomplete
records and potential participant withdrawal,
a total of 320 patients were ultimately

included in the study.

Inclusion criteria consisted of patients aged
18-75 years with radiologically and
microbiologically  confirmed empyema
thoracis undergoing thoracic  surgery.
Patients requiring postoperative ICU
admission for at least 24 hours were eligible
for enrollment. Exclusion criteria included
malignancy-associated pleural disease, active
autoimmune disorders, chronic inflammatory
diseases, advanced  hepatic  failure,
immunosuppressive therapy, pregnancy,
previous thoracic surgery within six months,
and incomplete perioperative laboratory data.
Patients with concomitant severe systemic

infection unrelated to thoracic pathology

were also excluded.

Verbal informed consent was obtained from
all participants or legally authorized
attendants  before enrollment. Ethical
approval was obtained from the institutional
review committee according to the
Declaration of Helsinki guidelines for
biomedical research involving human

participants.

Detailed  demographic  and  clinical
information including age, gender, smoking
history, diabetes mellitus, chronic obstructive
pulmonary disease, hypertension, nutritional
status, empyema duration, microbiological
findings, and preoperative sepsis severity
were recorded using standardized data
collection forms. Baseline respiratory
assessment included oxygen saturation,
arterial blood gas analysis, and chest
radiological ~ evaluation.  Perioperative
variables including duration of surgery,
intraoperative blood loss, ventilatory support

duration, and ICU stay were documented.

Venous blood samples were collected for
CRP measurement at four perioperative
intervals including preoperative assessment,
postoperative day one, postoperative day
three, and postoperative day five. CRP
concentration ~ was  measured  using
standardized immunoturbidimetric assays in
institutional laboratories. Additional
laboratory investigations included complete
blood count, serum albumin, renal function
tests, and procalcitonin measurement.
Adverse ICU outcome was defined as
prolonged ICU stay greater than seven days,
prolonged mechanical ventilation exceeding
72 hours, postoperative sepsis, or in-hospital

mortality.
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Data analysis was performed using SPSS
version 26.0. Continuous variables were
expressed as mean + standard deviation,
whereas categorical variables were presented
as frequencies and percentages. Independent
sample t-tests and chi-square tests were
applied for

intergroup  comparisons.

Repeated-measures analysis of variance was

Results

used to evaluate serial perioperative CRP

trends. Multivariate logistic regression

analysis was conducted to determine
independent predictors of adverse ICU
outcome after adjustment for confounding
variables. Odds ratios with 95% confidence
intervals were calculated. A p value less than

0.05 was considered statistically significant.

Table 1. Demographic and Clinical Characteristics of Study Participants

Favorable ICU Outcome||Adverse ICU Outcome|p-
Variable

(n=214) (n=106) value
Age (years) 52.6+11.3 61.4+10.7 <0.001
Male gender 146 (68.2%) 78 (73.6%) 0.321
Smoking history 88 (41.1%) 62 (58.5%) 0.004
Diabetes mellitus 74 (34.6%) 56 (52.8%) 0.002
COPD 58 (27.1%) 48 (45.3%) 0.001
Preoperative sepsis 62 (29.0%) 58 (54.7%) <0.001
Serum albumin (g/dL) 3.4+0.6 2.8+0.5 <0.001
Duration of symptoms

11.244.7 16.4+6.1 <0.001
(days)

Table 1 demonstrates the baseline demographic and clinical characteristics of study participants

according to ICU outcome. Patients with adverse ICU outcomes were significantly older and

demonstrated higher frequencies of smoking history, diabetes mellitus, chronic obstructive

pulmonary disease, and preoperative sepsis. Lower serum albumin levels and prolonged symptom

duration were also significantly associated with adverse postoperative progression.

Table 2. Perioperative CRP Trends and ICU Parameters
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Parameter Favorable ICU Outcome|Adverse ICU Outcome|p-value
Preoperative CRP (mg/L) 92.4424.8 128.6+31.5 <0.001
Postoperative Day 1 CRP (mg/L)||138.5+£30.6 184.7+£36.9 <0.001
Postoperative Day 3 CRP (mg/L)||102.3£26.1 176.8+34.4 <0.001
Postoperative Day 5 CRP (mg/L)(|61.7+18.9 149.54+32.6 <0.001
Mechanical ventilation (hours) [[28.6+11.4 84.2+26.7 <0.001
ICU stay (days) 4.8+1.7 10.9+3.8 <0.001

Table 2 demonstrates significant perioperative differences in CRP trends between patients with
favorable and adverse ICU outcomes. Patients with uncomplicated postoperative recovery showed
progressive CRP decline after surgery, whereas persistently elevated CRP concentrations were

observed among patients with prolonged ICU stay and mechanical ventilation.

Table 3. Multivariate Logistic Regression Analysis for Adverse ICU Outcome

Independent Predictor Adjusted OR 95% CI p-value
Postoperative Day 3 CRP 3.41 1.94-5.99 <0.001
Prolonged ventilation 2.88 1.56-5.30 0.001
Preoperative sepsis severity 2.53 1.394.61 0.002
COPD 2.14 1.17-3.92 0.013
Hypoalbuminemia 231 1.28-4.16 0.005
Advanced age 1.92 1.06-3.48 0.031

Multivariate regression analysis identified postoperative day three CRP concentration as the
strongest independent predictor of adverse ICU outcome. Prolonged mechanical ventilation,
preoperative sepsis severity, COPD, hypoalbuminemia, and advanced age also demonstrated

statistically significant associations with poor postoperative recovery.

Table 4. Postoperative Complications According to ICU Outcome
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Complication Favorable ICU Outcome Adverse ICU Outcome p-value
Persistent air leak 18 (8.4%) 32 (30.2%) <0.001
Postoperative sepsis 14 (6.5%) 41 (38.7%) <0.001
Respiratory failure 10 (4.7%) 36 (34.0%) <0.001
Reoperation 6 (2.8%) 14 (13.2%) 0.001
In-hospital mortality 2 (0.9%) 12 (11.3%) <0.001

Table 4 illustrates the distribution of postoperative complications according to ICU outcome.

Respiratory failure, postoperative sepsis, persistent air leak, and mortality were significantly more

common among patients with persistently elevated perioperative CRP levels and adverse ICU

progression.

Discussion

The present study demonstrated a significant
association between perioperative CRP
trends and ICU outcomes among patients
undergoing thoracic surgery for empyema.
Persistently elevated postoperative CRP
concentrations were strongly associated with
prolonged mechanical ventilation, adverse
ICU progression, postoperative
complications, and mortality. Patients
demonstrating  favorable  postoperative
recovery exhibited progressive decline in
CRP levels after surgery, whereas individuals
with adverse ICU outcomes maintained
significantly elevated inflammatory profiles
throughout the postoperative period. These
findings support the hypothesis that serial
perioperative CRP monitoring may provide

clinically meaningful prognostic information

regarding postoperative recovery following
thoracic surgical intervention for empyema
[11-12].

One of the most important observations of the
present study was the prognostic significance
of  postoperative  day three @ CRP
concentration. ~ Multivariate  regression
analysis identified postoperative day three
CRP as the strongest independent predictor
of adverse ICU outcome. This finding is
consistent with recent evidence suggesting
that persistent inflammatory activation after
thoracic surgery reflects inadequate infection
control, ongoing pleural inflammation, or
evolving  postoperative  complications.
Studies published between 2021 and 2024
have similarly demonstrated that failure of
postoperative  CRP  normalization is

associated with increased pulmonary
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complications, prolonged ICU stay, and poor
surgical recovery [12-14]. The present
findings therefore support incorporation of
serial CRP trend analysis into postoperative
thoracic critical care protocols.

Preoperative sepsis severity also
demonstrated a statistically significant
relationship ~ with  postoperative  ICU
progression.  Patients  presenting  with
advanced septic physiology exhibited
markedly elevated baseline CRP
concentrations and prolonged postoperative
inflammatory response. Severe systemic
inflammation may impair pulmonary
recovery, delay tissue healing, and contribute
to persistent organ dysfunction following

thoracic Contemporary

surgery.
investigations  have  emphasized the
importance of early sepsis control and
aggressive perioperative management in
reducing postoperative mortality among
empyema patients [13-15]. The current
findings reinforce the clinical relevance of
preoperative  inflammatory  stabilization
before definitive thoracic intervention
whenever feasible.

Mechanical ventilation duration represented
another critical determinant of ICU outcome
in the present cohort. Patients with
persistently elevated postoperative CRP
concentrations

required significantly

prolonged ventilatory support compared with

patients demonstrating progressive
inflammatory resolution. Persistent systemic
inflammation may impair alveolar gas
exchange, increase pulmonary vascular
permeability, and delay respiratory muscle
recovery, thereby complicating ventilator
weaning. Recent thoracic critical care studies
have similarly reported that elevated
inflammatory biomarkers correlate with
prolonged mechanical ventilation and
postoperative respiratory failure [14-16].
These observations suggest that CRP trend
monitoring may assist clinicians in
anticipating  postoperative  respiratory
complications and optimizing ventilatory
strategies.

The current study additionally demonstrated
that chronic obstructive pulmonary disease
and hypoalbuminemia were independently
associated with adverse ICU outcomes.
COPD contributes to impaired respiratory
reserve, chronic airway inflammation, and
increased postoperative pulmonary
vulnerability. Similarly, hypoalbuminemia
reflects poor nutritional status and systemic
inflammatory burden, both of which
negatively influence postoperative recovery
and tissue healing. Previous investigations
have reported that malnutrition and chronic

pulmonary disease significantly worsen
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thoracic surgical outcomes and prolong ICU
admission among empyema patients [15-17].
The present findings therefore emphasize the
importance of comprehensive perioperative
nutritional and respiratory optimization.
Postoperative ~ complications  including
persistent air leak, respiratory failure,
postoperative sepsis, and mortality were
significantly more common among patients
with adverse ICU progression and elevated
perioperative  CRP  levels.  Persistent
inflammatory activation may indicate
ongoing pleural infection, inadequate lung
re-expansion, or postoperative infectious
complications.  Dynamic  inflammatory
monitoring may therefore facilitate earlier
identification of patients requiring intensified
critical care intervention. Recent evidence
has increasingly supported the role of
inflammatory  biomarkers in  guiding
postoperative monitoring and complication
surveillance after thoracic surgery [16-18].
The present findings further strengthen the
clinical utility of perioperative CRP
assessment  in  high-risk  empyema
populations.

The present study possesses several
important strengths including its prospective
design, serial perioperative biomarker
assessment, and comprehensive evaluation of

postoperative ICU outcomes. Nevertheless,

certain limitations should be acknowledged.
The study was conducted within limited
tertiary care centers, potentially reducing
generalizability to broader populations.
Additional inflammatory biomarkers such as
interleukin-6 and procalcitonin were not
serially evaluated throughout the
postoperative period. Long-term

postoperative follow-up beyond
hospitalization was also unavailable. Despite
these limitations, the study provides
clinically relevant evidence supporting the
prognostic significance of perioperative CRP
trends in thoracic surgical patients with
empyema and highlights the importance of
dynamic inflammatory monitoring for
improving  postoperative  critical  care
management [18-20].

Conclusion

Perioperative CRP trends demonstrated
significant association with ICU outcomes
among patients undergoing thoracic surgery
for empyema.  Persistently elevated
postoperative CRP concentrations were
independently associated with prolonged
ventilation, postoperative complications, and
adverse ICU progression. The study
addresses an important clinical gap by
highlighting the prognostic value of serial
inflammatory monitoring and supports future
multicenter

investigations integrating
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perioperative biomarker-guided critical care
strategies.
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