TYPE Original Research
PUBLISHED 15 December 2025
pol 10.3389/fmed.2025.1733029

:' frontiers Frontiers in Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Jian-cang Zhou,
Zhejiang University, China

REVIEWED BY
Kratika Singh,

Centre of Bio-Medical Research (CBMR), India

Maria Olausson,
Hvidovre Hospital, Denmark

*CORRESPONDENCE

Anca-Laura Amati
Anca-Laura.Amati@

chiru.med.uni-giessen.de

These authors have contributed equally to
this work

RECEIVED 27 October 2025
REVISED 24 November 2025
ACCEPTED 26 November 2025
PUBLISHED 15 December 2025

CITATION

Amati A-L, Negruta N, Ebert R, Kimmel N,
Fritzenwanker M, Wolff M, Petzoldt S,
Reichert M and Hecker A (2025) The
underestimated burden of postoperative
pulmonary complications in emergency
laparotomy: a propensity score-matched
analysis.

Front. Med. 12:1733029.

doi: 10.3389/fmed.2025.1733029

COPYRIGHT

© 2025 Amati, Negruta, Ebert, Kimmel,
Fritzenwanker, Wolff, Petzoldt, Reichert and
Hecker. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Medicine

The underestimated burden of
postoperative pulmonary
complications in emergency
laparotomy: a propensity
score-matched analysis

Anca-Laura Amati'*, Nicoleta Negruta®, Romina Ebert?,
Niklas Kimmel!, Moritz Fritzenwanker?, Matthias Wolff3,
Sebastian Petzoldt?, Martin Reichert! and Andreas Hecker!!

!Department of General, Visceral, Thoracic and Transplant Surgery, University Hospital of Giessen,
Justus-Liebig University Giessen, Giessen, Germany, ?Institute of Medical Microbiology, Justus-Liebig-
University Giessen, Giessen, Germany, *Department of Anesthesiology, Intensive Care Medicine and
Pain Therapy, University Hospital of Giessen, Justus-Liebig University Giessen, Giessen, Germany

Introduction: Emergency laparotomy (EL) remains one of the highest-risk
procedures in general surgery, characterized by substantial postoperative
morbidity and mortality. Despite major advances in perioperative medicine,
current enhanced-recovery and infection-prevention protocols are largely
derived from elective surgical cohorts and are seldom validated in emergency
settings. This lack of EL-specific data represents a critical gap in establishing
evidence-based perioperative guidelines for this uniquely vulnerable patient
population. Among postoperative complications, pulmonary complications
(PPCs) are the most frequent and consequential, affecting 20-40% of patients
and significantly impairing recovery and survival. This study aimed to identify
preoperative predictors of PPCs and their impact on postoperative mortality,
highlighting potentially actionable targets within the constraints of emergency
surgical care.

Methods: A total of 928 EL patients were analyzed. To control for non-modifiable
demographics and comorbidities, propensity score matching generated two
cohorts of 328 patients each—those with and without PPCs. Univariate and
multivariate logistic regression identified independent preoperative predictors
of PPCs, and survival analyses assessed their association with postoperative
mortality.

Results: Mortality was significantly higher in patients with PPCs (42.1%) than in
those without (11.9%). Independent preoperative predictors of PPCs included
ASA score (p = 0.0004), hemoglobin level (p = 0.0340), C-reactive protein-
to-albumin ratio (CAR) (p = 0.0001), and colonization with multidrug-resistant
organisms (MDROs) on preoperative screening (p = 0.0420). Each of these
factors also predicted reduced postoperative survival. Notably, 67.3% of MDROs
were not covered by initial empiric antibiotic regimens, and 28.6% of Gram-
negative MDROs detected preoperatively were later isolated from the airways of
patients who developed PPCs. PPC patients colonized with MDROs had a 47%
higher 90-day mortality risk compared with non-colonized counterparts (HR
146, 95% Cl 0.99-2.15).

Conclusion: PPCs are the most frequent and deadly complications following
EL, and their occurrence substantially worsens survival. Among identified
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predictors, Gram-negative MDRO colonization represents the most clinically
actionable target. Tailoring empiric antibiotic therapy for high-risk, colonized
EL patients could represent a pivotal step toward evidence-based, condition-
specific perioperative guidelines aimed at reducing pulmonary complication—

related mortality.
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emergency laparotomy, postoperative pulmonary complications, risk prediction,
multidrug-resistant organisms, survival analysis

1 Introduction

Emergency laparotomy (EL) is one of the most frequently
performed yet highest-risk surgical procedures worldwide. Compared
to elective abdominal surgery, EL is associated with a significantly
higher complication rate—exceeding 50%—and a mortality rate up to
five times greater (1, 2). Efforts by the Enhanced Recovery After
Surgery (ERAS) Society (3, 4) have marked important progress toward
evidence-based emergency perioperative care. Yet, the scarcity of
high-quality, EL-specific evidence continues to impede the
development of robust guidelines.

Unlike elective patients, who typically undergo surgery in an
optimized physiological state, EL patients face the compounded
physiological stress resulting from both the acute underlying
pathology and the added burden of surgical trauma (5). This dual
insult disrupts neuroendocrine, metabolic, and immune homeostasis,
heightening susceptibility to complications that cannot be reliably
predicted using elective surgery data (6). Numerous studies have
identified the emergent nature of surgery itself as an independent risk
factor for adverse outcomes, including postoperative pulmonary
complications (PPCs), which are among the most common
complications following EL (1, 7, 8).

In elective abdominal surgery, PPC incidence ranges from <1 to
9%, depending on definitions and cohort characteristics (9-11). In
stark contrast, the multicenter prospective ALPINE study reported a
48% PPC incidence in EL patients (12). These complications—most
commonly respiratory failure, atelectasis, and infection—substantially
impair recovery and are associated with increased intensive care unit
(ICU) admissions, reintubation rates, prolonged mechanical
ventilation, and higher mortality (8, 9).

Opportunities for PPC prevention in EL are limited, as
preoperative strategies commonly used in elective settings—such as
respiratory physiotherapy or structured prehabilitation programs—are
largely unfeasible in the acute context (13, 14). Consequently,
intraoperative and early postoperative management—including
ventilation strategies, pulmonary care bundles, and timely antibiotic
therapy when a respiratory infection is suspected —play a central role.
Yet, evidence from elective contexts cannot be applied uncritically: for
instance, lung-protective ventilation failed to reduce PPC incidence in
EL patients in the ALPINE study (12, 15).

Antibiotic management of PPCs in EL remains understudied
(16). In a cohort of 7,275 abdominal surgery patients, nearly half of
those
inappropriate

who developed postoperative pneumonia received

antibiotic  treatment—significantly increasing
pneumonia-specific mortality (17). The challenge is exacerbated by
ongoing uncertainty around optimal respiratory sampling methods

in critically ill patients and the rising prevalence of antimicrobial
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resistance (18). Empiric antibiotic selection requires both accurate
patient-specific risk stratification and familiarity with local resistance
patterns (19).

Notably, preoperative colonization with multidrug-resistant
organisms (MDROs) has been linked to higher complication rates,
including PPCs, across various surgical cohorts (20-22). However, its
specific role in EL remains unclear.

Addressing these knowledge gaps is essential. A nuanced
understanding of how acute pathophysiological and surgical stressors
contribute to PPC risk may enable the development of more targeted,
EL-specific management strategies. In particular, identifying
modifiable risk factors and elucidating the impact of MDRO
colonization could inform preventive measures, optimize the timing
of interventions, and support improved antibiotic stewardship in
EL patients.

Accordingly, this study had two primary objectives: to identify
potentially modifiable pre- and intraoperative predictors of PPCs
in the setting of EL, and to characterize the spectrum of MDRO
colonization — most  likely  to

impair  postoperative

pulmonary recovery.

2 Methods

This single-center, observational study retrospectively analyzed
data from 928 patients who underwent EL between January 2014 and
December 2020 at the Department of General, Visceral, Thoracic, and
Transplant Surgery, University Hospital of Giessen. All data were
drawn from prospectively maintained institutional databases.

The study was conducted in accordance with the Declaration of
Helsinki and approved by the local ethics committee of the Medical
Faculty at the University of Giessen (Approval No. 20/22). Given the
retrospective design, the requirement for written informed consent
was waived. Data collection, manuscript preparation, and submission
adhered to the Committee on Publication Ethics (COPE) and the
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (23).

2.1 Patient selection

Inclusion criteria comprised all adult patients (>18 years) who
underwent EL within the specified timeframe. Excluded were
laparoscopic emergency procedures, diagnostic ELs limited to
assessing bowel viability or those that ruled out an intra-abdominal
pathology as the cause of the patient’s critical condition (negative
laparotomy), as well as all trauma-related laparotomies.
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2.2 Data collection

Collected data included baseline demographics, comorbidities,
and the American Society of Anesthesiologists (ASA) classification
(categories 1-5), as well as perioperative laboratory parameters
reflecting systemic inflammation [leukocyte count, C-reactive protein
(CRP)], liver function (albumin, bilirubin), and renal function
(creatinine).

Microbiological data included results from preoperative MDRO
screening and postoperative airway sampling, together with the
corresponding antibiotic resistance profiles. Nasal, oral, and anal
swabs for MDRO detection were obtained either preoperatively or, at
the latest, immediately after surgery upon ICU admission.
Postoperative airway sampling was not performed routinely but
selectively in patients with clinical and radiologic suspicion of PPCs,
using either invasive or non-invasive methods such as bronchial
sampling, bronchoalveolar lavage, or endotracheal aspiration (19).

MDROs were classified according to the criteria established by the
German Commission for Hospital Hygiene and Infection Prevention
(KRINKO) at the Robert Koch Institute (RKI) (24). This classification
included methicillin-resistant = Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE), and multidrug-resistant
Gram-negative bacteria (MRGN), such as—but not limited to—
extended-spectrum f-lactamase (ESBL)-producing Enterobacterales.
MRGNSs were further categorized as 3MRGN or 4AMRGN, defined by
resistance to three or four key antibiotic classes—acylureidopenicillins,
third- and fourth-generation cephalosporins, fluoroquinolones, and
carbapenems—according to classification standards from both
KRINKO and the World Health Organization (WHO) (24, 25).

Operative details were extracted from narrative surgical reports
and standardized using the synoptic EL reporting framework by
Elamin et al. (26). Recorded parameters included the location of the
primary pathology (upper gastrointestinal tract, small bowel, large
bowel, other), bowel resection (none, upper gastrointestinal tract,
small bowel, small and large bowel, large bowel), anastomosis type
(none, upper gastrointestinal tract, small bowel, small-to-large bowel,
large bowel), additional surgical procedures (yes/no), operative
duration (minutes), and intraoperative blood loss (mL).

2.3 Outcome measures

The primary outcome was the incidence of PPCs within 7 days
after EL, defined according to the European Perioperative Clinical
Outcome (EPCO) criteria (27). These include respiratory failure,
infection, atelectasis, aspiration, bronchospasm, and pneumothorax.
PPCs were assessed through chart reviews, ventilation records,
imaging (X-ray/CT), and bronchoscopy findings.

Secondary outcomes included the incidence of major surgical
complications (Clavien-Dindo grade >IIIb) (28), the length of
hospital and ICU stay, and 90-day all-cause mortality.

2.4 Statistical analysis
Statistical analyses were performed using GraphPad Prism v10

(GraphPad Software, San Diego, CA, United States) and R v4.3.2 (The
R Foundation for Statistical Computing). Patients were stratified based
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on the occurrence of PPCs within the first week following EL into two
groups: the PPC group and the no-PPC group.

To reduce confounding, propensity score matching (PSM) was
applied using a 1:1 nearest-neighbor algorithm without replacement
in R. Matching variables included age, sex, body mass index (BMI),
and comorbidities such as hypertension, cardiovascular, pulmonary,
hepatic, renal, or inflammatory  diseases, diabetes,
immunosuppression, and malignancy.

Group comparisons for continuous variables were conducted
using the Mann-Whitney U test, while categorical variables were
analyzed using Fisher’s exact or chi-square tests. Data are presented as
medians with interquartile ranges (IQRs) or as absolute numbers and
percentages [n (%)]. A two-tailed p-value <0.05 was considered
statistically significant.

To identify factors associated with PPCs, univariate logistic
regression analyses were performed. The predefined variables included
the ASA classification (categories 1-5), preoperative hemoglobin
concentration (g/L), the CRP/albumin ratio (CAR), preoperative
creatinine level (mg/dL), and preoperative MDRO colonization (yes/
no). Additionally, the localization of the leading pathology and the type
of surgical procedure (as defined above) were included as categorical
variables. Intraoperative blood loss (mL) and duration of surgery
(minutes) were entered as continuous variables. Variable selection was
based on differences observed between the two propensity score—
matched groups, as well as on predictors previously described for
elective surgery (9). Variables demonstrating significant associations
in univariate analyses were subsequently entered into a multivariate
logistic regression model. Multicollinearity was assessed via variance
inflation factors (VIF), applying a conservative threshold of 2.5.

Kaplan-Meier estimates were used to evaluate 90-day survival
probabilities. Group differences were analyzed using the log-rank test,
from which hazard ratios (HRs) and 95% confidence intervals (CIs)
were derived.

The optimal cutoff value for the CAR in predicting 90-day
mortality was determined using the Youden index (29), calculated
with the “cutpointr” package in R.

3 Results

3.1 Baseline characteristics of the total and
the propensity score-matched patient
cohort

During the study period, 928 patients underwent EL, of whom
328 (35.3%) developed PPCs within the first seven postoperative days.
Patients who developed PPCs were significantly older (median age: 70
vs. 64 years, p < 0.001) and had a higher prevalence of comorbid
conditions, including hypertension, diabetes mellitus, and chronic
cardiac, pulmonary, hepatic, and renal diseases. There were no
significant differences between groups in the rates of systemic
immunosuppression, chronic inflammatory diseases, or previous
malignancy (Table 1).

To isolate the impact of acute pathology and surgical trauma while
minimizing the influence of non-modifiable preconditions, PSM was
performed, resulting in 328 matched pairs with balanced
demographics and comorbidity profiles (Table 1).
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TABLE 1 Baseline characteristics of the no-PPC and PPC patient cohorts before and after PSM.

10.3389/fmed.2025.1733029

Variable Before PSM After PSM
No-PPC PPC (n = 328) p value PPC (n = 328) p-value
(n = 600)
Age (years; IQR) 64 (51, 76) 70 (59, 79) <0.001 70 (57, 78) 70 (59, 79) 0.8
Sex (n males; %) 329 (55%) 192 (59%) 03 196 (60%) 192 (59%) 0.8
BMI (kg/m? IQR) 25(22,29) 26 (22,29) 0.2 26 (23, 30) 26 (22,29) 0.7
Comorbidities
Arterial hypertension (n 89 (15%) 69 (21%) 0.016 68 (21%) 69 (21%) >0.9
patients; %)
Chronic cardiac disease (n 184 (31%) 167 (51%) <0.001 160 (49%) 167 (51%) 0.6
patients; %)
Chronic pulmonary 100 (17%) 89 (27%) <0.001 72 (22%) 89 (27%) 0.12
disease (n patients; %)
Diabetes mellitus (n 88 (15%) 92 (28%) <0.001 79 (24%) 92 (28%) 0.2
patients; %)
Chronic kidney disease (n 92 (15%) 120 (37%) <0.001 91 (28%) 120 (37%) 0.015
patients; %)
Chronic liver disease (n 50 (8.3%) 44 (13%) 0.014 46 (14%) 44 (13%) 0.8
patients; %)
Systemic 15 (2.5%) 12 (3.7%) 0.3 12 (3.7%) 12 (3.7%) >0.9
immunosuppression (n
patients; %)
Chronic inflammatory 59 (9.8%) 39 (12%) 0.3 41 (13%) 39 (12%) 0.8
disease (n patients; %)
Previous malignoma (n 242 (40%) 129 (39%) 0.8 130 (40%) 129 (39%) >0.9
patients; %)

Patients who underwent emergency laparotomy (EL) without postoperative pulmonary complications (PPCs) during the first postoperative week were compared with those who developed
PPCs, before and after propensity score matching (PSM) for demographic traits and chronic illnesses. Data are presented as median with interquartile range (IQR) or as number of patients (1)

with percentages (%). BMI, body mass index. p < 0.05 are indicated in bold.

3.2 Perioperative characteristics of the
propensity matched patient cohorts

In the PSM cohort, we analyzed preoperative and intraoperative
parameters influenced by the acute surgical pathology and the surgical
procedure itself, aiming to identify actionable risk factors for the
development of PPCs.

Preoperative physical status, reflected by the ASA score, was
significantly worse in patients who subsequently developed PPCs
(p < 0.0001). While preoperative white blood cell counts were similar
between groups, preoperative CRP levels were markedly elevated in
the PPC group (median: 148.5 vs. 63.9 mg/L, p < 0.0001), as was the
CAR (median: 4.6 vs. 1.8, p <0.0001), a composite inflammatory
marker validated in critically ill patients (30-32).

Patients developing PPCs also had significantly lower preoperative
hemoglobin levels and higher creatinine concentrations. Furthermore,
colonization with MDROs was more common in the PPC group
(25.3% vs. 13.1%, p = 0.0001).

The primary surgical pathology most commonly involved the
small bowel in both groups; however, upper gastrointestinal and large
bowel conditions were disproportionately represented among PPC
patients. Accordingly, resections involving these regions were more
frequently performed in the PPC group. Despite these anatomical
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differences, the distribution of gastrointestinal anastomoses and
sutures within the GI tract remained balanced between the two
groups. Surgical duration was also significantly longer in the
PPC cohort.

Postoperatively, PPC patients required markedly prolonged
ventilatory support following initial intubation (median time to
extubation: 14 vs. 3 h, p < 0.0001), which contributed to extended ICU
stays. These patients experienced a higher incidence of severe
complications (Clavien-Dindo grade >IIIb), including the need for
surgical reinterventions. Notably, the 90-day mortality rate in the PPC
group was 42.1%, in contrast to 11.9% in the no-PPC group (Table 2).

3.3 Risk factors for PPC development

Univariate logistic regression identified several preoperative and
intraoperative predictors of PPC development following EL. On
multivariable analysis, independent predictors included elevated CAR
(p =0.0001), higher ASA score (p =0.0004), lower preoperative
hemoglobin (p = 0.0340), and MDRO colonization (p = 0.0420). In
contrast, intraoperative variables such as surgical duration, blood loss,
and type of procedure were not significantly associated with an
elevated PPC risk (Table 3).
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TABLE 2 Perioperative characteristics of the propensity-matched no-PPC and PPC patient groups.
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Variable No-PPC (n = 328) PPC (n = 328) p-value
Preoperative parameters
ASA (score, IQR) 3(3,3) 3(3,4) <0.0001
Leukocyte count (x10°/L, IQR) 10.4 (7.2,15.2) 10.5 (6.6, 17.7) 0.6046
Hemoglobin (g/L, IQR) 117 (100, 136) 105 (92, 125) <0.0001
Thrombocyte count (x10°/L, IQR) 250 (187, 330) 246 (175, 324) 0.4378
CRP (mg/L, IQR) 63.9 (18.3, 165.3) 148.5 (49.2, 148.5) <0.0001
Albumin (g/L, IQR) 34.3(29.1,39.7) 30.20 (26.9, 35.1) <0.0001
CRP/Albumin (ratio, IQR) 1.8 (0.5,5.2) 46 (1.5,8.1) <0.0001
Creatinine (mg/dL, IQR) 1.0 (0.7, 1.6) 1.2 (0.8, 2.0) 0.0039
Bilirubin (mg/dL, IQR) 0.7 (0.4, 1.1) 0.7 (0.4, 1.1) 0.5665
MDRO colonization (n patients, %) 43 (13.1%) 83 (25.3%) 0.0001
Surgery characteristics
Localization of leading pathology 0.0014
Upper GI tract (n patients, %) 46 (14%) 62 (18.9%)
Small bowel (n patients, %) 184 (56.1%) 136 (41.5%)
Large bowel (n patients, %) 97 (29.6%) 127 (38.7%)
Other (n patients, %) 1 (0.3%) 3(0.9%)
Surgical procedure: bowel resection 0.0044
None (n patients, %) 167 (50.5%) 132 (40.1%)
Upper GI (n patients, %) 7 (2.1%) 17 (5.2%)
Small bowel (n patients, %) 62 (18.7%) 50 (15.2%)
Small and large bowel (n patients, %) 38 (11.5%) 49 (14.9%)
Large bowel (n patients, %) 57 (17.2%) 81 (24.6%)
Bowel anastomosis 0.2951
None (n patients, %) 149 (44.1%) 158 (45.7%)
Upper GI (n patients, %) 42 (12.4%) 59 (17.1%)
Small bowel (n patients, %) 84 (24.9%) 76 (22%)
Small to large bowel (n patients, %) 37 (10.9%) 35 (10.1%)
Large bowel (n patients, %) 26 (7.7%) 18 (5.2%)
Additional surgical procedure (n patients, %) 66 (20.1%) 79 (24.1%) 0.2588
Intraoperative blood loos (mL, IQR) 150 (100, 300) 200 (100, 500) <0.0001
Duration of surgery (min, IQR) 103 (73, 147) 120.5 (84.7, 160) 0.0026
Postoperative outcomes
Ventilation time until initial extubation (hours, IQR) 3(0,7.5) 14 (4.7,72.7) <0.0001
Tracheotomy (n patients, %) 4(1.2%) 56 (17%) <0.0001
Length of ICU stay (days, IQR) 2(1,4) 8(3,20) <0.0001
Surgical complications >CD IIIb* (n patients, %) 71 (21.7%) 126 (38.4%) <0.0001
Surgical reintervention (n patients, %) 44 (13.4%) 91 (27.7%) <0.0001
ICU re-admission (n patients, %) 56 (17.1%) 60 (18.3%) 0.7589
Length of hospital stay (days, IQR) 12 (8, 20) 18 (9, 34.7) <0.0001
90-day mortality (n patients, %) 39 (11.9%) 135 (41.2%) <0.0001

Pre- and intraoperative data of patients without or with postoperative pulmonary complications (PPC), matched for demographic and chronic disease characteristics, were compared. Data are

presented as median with interquartile range (IQR) or as number of patients (1) with percentages (%). *According to the Clavien-Dindo (CD) classification of surgical complications. ASA,
American Society of Anesthesiologists; CRP, C-reactive protein; MDRO, multidrug-resistant organism; GI, gastrointestinal; ICU, intensive care unit. p < 0.05 are indicated in bold.
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TABLE 3 Univariate and multivariate analysis of preoperative and intraoperative factors for predicting PPC development.

Variable

OR (95% CI)

Univariate

Multivariate
OR (95% Cl)

p-value

ASA score 2.091 (1.641-2.688) <0.0001 1.657 (1.255-2.206) 0.0004
Preoperative hemoglobin levels 0.9818 (0.9750-0.9885) <0.0001 0.9906 (0.9818-0.9992) 0.0340
Preoperative CRP/albumin ratio 1.134 (1.088-1.184) <0.0001 1.095 (1.045-1.148) 0.0001
Preoperative creatinine level 1.072 (0.9967-1.208) 0.2316
Preoperative MDRO colonization 2.245 (1.504-3.393) <0.0001 1.657 (1.023-2.717) 0.0420
Localization of leading pathology 1.158 (0.9978-1.417) 0.1092
Surgical procedure: bowel resection 0.9206 (0.8185-1,035) 0.1663
Intraoperative blood loss 1.000 (1.000-1.001) 0.0121 1.000 (0.9999-1.001) 0.2022
Duration of surgery 1.002 (0.9996-1.004) 0.1053

Preoperative and intraoperative factors significantly associated with postoperative pulmonary complication (PPC) development in the univariate analysis (p < 0.05) were included in the

multivariate logistic regression model. OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; CRP, C-reactive protein; MDRO, multidrug-resistant organism.

P <0.05 are indicated in bold.

3.4 Impact of preoperative factors on
90-day survival

PPC development significantly reduced 90-day survival following
EL, with affected patients experiencing a 2.7-fold increased risk of
mortality within the first 90 postoperative days compared to those
without pulmonary complications (piog.rank <0.0001, HR 2.714; 95% CI
2.006-3.672; Figure 1A). Preoperative factors independently
associated with increased PPC risk also influenced 90-day mortality
(Figures 1B,C). In both groups, lower ASA scores (<3) were associated
with improved survival (no-PPC group: piog.ank = 0.0012; PPC group:
Plogrank = 0.0003; Figures 1B1,C1). A preoperative hemoglobin level
above the 100 g/L threshold—previously established in risk models for
non-cardiac surgical populations (8, 9, 33, 34)—was associated with a
survival benefit; however, this effect was observed only in patients who
developed PPCs (Figure 1C2).

As no established cutoff for CAR existed in this setting, we used
the Youden index (29) to determine an optimal threshold of 1.07.
Applying this cutoff revealed a significant survival difference in both
the PPC and no-PPC groups (piog.rank = 0.0153 and piog.rank = 0.0013,
respectively; Figures 1B3,C3).

Interestingly, while MDRO colonization had no impact on
survival in the no-PPC group (Figure 1B4), it significantly worsened
outcomes in patients with PPCs (pjogrank = 0.0359, HR 1.458, 95% CI
0.990-2.146; Figure 1C4), with median 90-day survival being 20 days
shorter in colonized patients compared to non-colonized patients (34
vs. 54 days, respectively).

3.5 MDRO colonization and antibiotic
coverage in PPC patients

Each of the four identified independent risk factors for PPC
development—ASA score, CAR, hemoglobin level, and MDRO
colonization—also influenced survival in the PPC group. Following
Miskovic and Lumb’s framework (9), these can be categorized into
non-modifiable (ASA CAR) and modifiable factors
(hemoglobin level, MDRO colonization). While colonization status

score,

cannot be changed perioperatively, empiric antibiotic therapy can be
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adjusted accordingly. Therefore, we conducted a detailed analysis of
MDRO colonization in the PPC patient group.

VRE was the most frequently isolated MDRO, followed by MDR
Escherichia coli (Table 4). Notably, 67.3% of MDROs were not
adequately covered by empiric antibiotic regimens. Resistance
profiles— including both intrinsic acquired antibiotic resistances—are
detailed in Figure 2.

Overall, the same MDRO identified in preoperative screening
swabs was subsequently detected in 13.3% of postoperative tracheal
or bronchial aspirates. Notably, Gram-negative MDROs exhibited a
significantly higher rate of postoperative airway contamination
compared to Gram-positive organisms. Specifically, 28.6% of Gram-
negative MDROs detected preoperatively were later found in the
upper airways of patients who developed PPCs following EL (Table 4).

4 Discussion

Our study highlights the substantial clinical burden of PPCs in
patients undergoing EL, emphasizing their strong association with
both short-term morbidity and 90-day mortality. Through the
identification of modifiable and non-modifiable preoperative risk
factors—specifically preoperative hemoglobin <10 g/dL and
colonization with MDROs—our findings suggest opportunities for
targeted interventions even within the narrow therapeutic window
inherent to emergency settings.

The PPC rate in our cohort was 35.3%, aligning with the 20-40%
range reported in earlier studies and slightly lower than the 48%
observed in the ALPINE trial (2, 12). Prior work by Havens et al. (1)
demonstrated that among all postoperative complications—including
pulmonary, cardiac, septic, and wound-related—pulmonary
complications were most strongly associated with the emergent nature
of surgery, reinforcing the idea that both acute surgical pathology and
the procedural trauma significantly heighten respiratory risk in this
particularly vulnerable patient group.

To identify actionable factors linked to both acute surgical
pathology and the procedural EL trauma, we employed PSM to
control for non-modifiable demographic and preexisting health issues.

Our analysis revealed ASA score, CAR, preoperative hemoglobin
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FIGURE 1
Kaplan—Meier survival curves for patients with or without PPCs, stratified by identified risk factors. (A) Ninety-day survival of patients with and without
postoperative pulmonary complications (PPCs) following emergency laparotomy. (B) Ninety-day survival of patients without PPCs, stratified by (B1)
(Continued)
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FIGURE 1 (Continued)

American Society of Anesthesiologists (ASA) physical status, (B2) preoperative hemoglobin (Hb) level, (B3) preoperative C-reactive protein-to-albumin
ratio (CAR), and (B4) colonization status with multidrug-resistant organisms (MDROs). (C) Ninety-day survival of patients with PPCs, stratified by (C1)
ASA score, (C2) preoperative Hb level, (C3) preoperative CAR, and (C4) MDRO colonization. The log-rank test was used to assess survival differences
between groups. Hazard ratios (HRs) with corresponding 95% confidence intervals (Cls) are shown for each comparison, contrasting the group
represented in red with the group in blue.

TABLE 4 Preoperative MDRO colonization in PPC patients: characteristics, empiric antibiotic coverage, and postoperative airway isolates.

Detected Gram-positive MDROs Gram-negative MDROs

MDR
o Vancomycin- Methicillin- Escherichia Klebsiella Others

resistant resistant coli species species (3 MRGN)

Enterococcus Staphylococcus (ESBL/ (3 MRGN) (n =10)
faecium (VRE) aureus (MRSA) 3 MRGN/ (n=6)
(n = 49) (n=7) 4 MRGN)
(n = 26)

Initial colonization

Anal 44 (89.8%) 0 (0%) 17 (65.4%) 3 (50%) 5 (50%) 69 (70.4%)
Oral/nasal 1(2%) 7 (100%) 9 (34.6%) 2(33.3%) 4 (40%) 23 (23.5%)
Other 4(8.2%) 0 (0%) 0 (0%) 1(16.7%) 1(10%) 6 (6.1%)

Covered by empiric antibiotic therapy

Yes 10 (20.4%) 1(14.3%) 11 (42.3%) 5(83.3%) 5 (50%) 32 (32.7%)

No 39 (79.6%) 6 (85.7%) 15 (57.7%) 1(16.7%) 5 (50%) 66 (67.3%)

Postoperative airway contamination

No available sample 19 (38.8%) 3(38.5%) 10 (38.5%) 3 (50%) 4 (40%) 39 (39.8%)
Sterile sample 8 (16.3%) 0 (0%) 1(3.8%) 2(33.3%) 0 (0%) 11 (11.2%)
Same MDRO 1(2%) 0 (0%) 9 (34.6%) 1(16.7%) 2 (20%) 13 (13.3%)
identified
Other pathogen 21 (42.9%) 4 (57.1%) 6(23.1%) 0 (0%) 4 (40%) 35 (35.7%)
identified

Preoperative multidrug-resistant organisms (MDROs) in patients with postoperative pulmonary complications (PPCs), classified by Gram status and antibiotic-resistance profile. Coverage by
the initially administered empiric antibiotic therapy and microbiological findings from postoperative airway sampling in the same patients were evaluated. VRE, vancomycin-resistant
enterococci; MRSA, methicillin-resistant Staphylococcus aureus; ESBL, extended-spectrum B-lactamase-producing Enterobacterales; MRGN, multidrug-resistant Gram-negative bacteria.
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FIGURE 2
Antibiotic susceptibility and resistance of perioperatively detected MDROs in PPC patients. Resistance patterns to commonly used perioperative
antibiotics are shown for multidrug-resistant organisms (MDROs) detected in patients with postoperative pulmonary complications (PPCs). Bacteria
were categorized as Gram positive or Gram negative. Dark-gray boxes indicate intrinsic resistance; light-gray boxes indicate resistance implied by the
MDRO definition. Blue shades denote the lowest resistance rates. Colored boxes represent the frequency of acquired antibiotic resistance.
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levels, and colonization with MDROs as independent predictors of
PPC development. Importantly, all of these factors were also
significantly associated with 90-day mortality among patients who
developed PPCs, underscoring their clinical relevance beyond the
immediate postoperative period.

The ASA classification remains the most widely used and
accessible tool for perioperative risk stratification (35). Its
simplicity makes it preferable to more complex scoring systems,
and numerous studies—predominantly in elective surgery—have
demonstrated its ability to predict postoperative morbidity,
including the risk of PPCs (36, 37). However, its utility in
emergency contexts is debated. As Horvath et al. (38) have pointed
out, the ASA system lacks clear guidance on how acute
physiological insults should be integrated into the preoperative
status assignment. For instance, a patient with obesity and well-
controlled diabetes would typically be assigned ASA II, but if
presenting with sepsis, the patient may be reclassified as ASA
IV-E. While such transitions are relatively straightforward, more
nuanced clinical deterioration can introduce subjectivity into the
scoring process, raising concerns about its consistency and
predictive power in emergency settings.

Nonetheless, in our cohort, the ASA score remained one of the
most powerful independent predictors of PPCs. Patients with ASA
scores above 3 experienced significantly higher 90-day mortality, both
in those who developed PPCs (p = 0.0003) and in those who did not
(p = 0.0012)—suggesting that despite its limitations, the ASA score
retains prognostic value even in acute care settings.

CAR, a composite biomarker that reflects systemic inflammation
through the positive acute-phase protein CRP (39) and the negative
acute-phase protein albumin, which is also associated with nutritional
risk (40), has shown good performance as an outcome predictor in
critical illness across many studies (30-32).

In a large retrospective study involving over 11,000 surgical
patients, Oh et al. (31) demonstrated that CAR measured upon ICU
admission independently predicted both 30-day and one-year
mortality. In oncologic surgery, where hypoalbuminemia and systemic
inflammation are common, elevated CAR has been predictive of
increased postoperative complications, although pulmonary
complications were not specifically addressed (41, 42). Notably, in
non-surgical cohorts such as COVID-19 patients, higher CAR values
on admission have been linked to reduced oxygen saturation and
impaired pulmonary function parameters (SO, FEV:%, and
FVC%) (43).

In our study, the preoperative CAR emerged as a robust
independent predictor of PPCs in EL. Using the Youden index (29),
we identified an optimal CAR cut-off value of 1.07, which was
predictive of 90-day survival regardless of whether a pulmonary
complication occurred.

Mechanistically, the prognostic value of CAR is underpinned by
the pathophysiological roles of its two components—CRP, a positive
acute-phase reactant, and albumin, a negative acute-phase reactant.
CRP, in its native pentameric form, dissociates upon encountering
damaged cell membranes into monomeric subunits that exhibit potent
pro-inflammatory and pro-coagulant properties (39). As shown by
Fendl et al. (44), these monomeric CRP forms are trafficked via
extracellular vesicles to distant organs, thereby amplifying systemic
inflammation and contributing to remote organ injury, including
lung damage.
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Conversely, hypoalbuminemia reduces plasma oncotic pressure,
facilitating fluid transudation into the alveolar space and promoting
pulmonary edema. This condition has been independently associated
with an elevated risk of acute respiratory distress syndrome (ARDS)
in critically ill patients (45).

Although therapeutic strategies aimed at neutralizing CRP’s
pro-inflammatory activity are under investigation, they have not yet
advanced beyond experimental phases (46). Similarly, the efficacy of
albumin supplementation to prevent ARDS remains inconclusive (47).
Therefore, while CAR itself is not a directly modifiable parameter at
present, it may serve as a valuable prognostic biomarker and a
potential target for future therapeutic interventions in patients
undergoing EL.

Preoperative anemia with a hemoglobin level below 100 g/L has
been categorized as a modifiable risk factor for PPC development in
the pivotal work of Miskovic and Lumb (9). Because intraoperative
blood transfusion has also been observed to increase PPC risk, the
authors recommend alternative treatment strategies—such as dietary
measures or iron supplementation—depending on the underlying
cause of the anemia (9). Such optimization, however, is naturally
limited in emergency settings.

Currently, there is limited evidence regarding the significance and
clinical consequences of preoperative colonization with MDROs in
patients undergoing EL. When formulating clinical practice guidelines
for perioperative antibiotic prophylaxis in patients colonized with
Gram-negative MDROs, the European Society of Clinical
(ESCMID) explicitly
emphasized major gaps in the available evidence (48). As a result, the

Microbiology and Infectious Diseases

issued recommendations were primarily based on low-level data and
restricted to select patient populations, such as those undergoing
elective colorectal surgery (20, 48, 49), or solid organ transplantation
(22, 48).

In elective colorectal surgery, preoperative colonization with
MDROs has been associated with an increased risk of surgical site
infections (20, 48, 49). Among solid organ transplant recipients, such
colonization has been linked to more severe postoperative
complications, including elevated rates of all-cause mortality, infection-
related mortality, polymicrobial infections, and bloodstream infections
(22, 48). In critically ill patients—regardless of surgical status—MDRO
colonization at ICU admission has similarly been correlated with higher
in-hospital mortality, even after adjusting for illness severity (50, 51).

These findings suggest that the clinical impact of MDRO
colonization is particularly pronounced in immunocompromised or
physiologically unstable patients. In such cases, delays in initiating
appropriate antimicrobial therapy may substantially contribute to
poor outcomes. In our study, PPC patients demonstrated a significantly
higher prevalence of MDRO colonization prior to surgery (25%)
compared to those without PPCs (13%). Importantly, this colonization
was also associated with significantly decreased 90-day survival in the
PPC group (p = 0.0359), whereas no such association was observed in
patients without pulmonary complications—possibly reflecting the
amplified inflammatory and infectious burden in the former.

Microbiological cultures from the upper airways were obtained in
60% of patients who developed PPCs. Interestingly, while patients
with Gram-positive MDRO colonization typically developed
respiratory infections with unrelated pathogens, 26.8% of those
colonized with Gram-negative MDROs harbored the same organism
in their postoperative airway samples. Despite this, only half of these
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patients had received empiric antibiotic coverage that adequately
targeted these resistant pathogens. This raises an important question:
could earlier, more tailored antimicrobial therapy reduce pulmonary
complications and mortality in high-risk, colonized patients?

Although MDRO colonization emerged as an important
preoperative predictor of PPCs in our analysis, routine microbiological
screening and antimicrobial susceptibility testing are generally not
available prior to emergency surgery—unless this information is
already known from a previous hospitalization. Nevertheless, several
rapid diagnostic platforms have shown the potential to identify MDRO
colonization or infection within clinically actionable timeframes.
These include MALDI-TOF/RAST (matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry with rapid antimicrobial
susceptibility testing), multiplex culture-independent diagnostics
(MCD), and point-of-care multiplex polymerase chain reaction (PCR)
systems, which can provide results within approximately 0.5-7 h (52—
54). Although these technologies are not yet widely available in routine
emergency surgical practice, their broader future implementation may
allow earlier detection of MDRO carriers and help guide more targeted
perioperative antimicrobial strategies.

This study is subject to several limitations. Its retrospective design,
while enabling real-world data collection, inherently restricts causal
interpretation. Functional respiratory parameters and preoperative
arterial blood gas analyses were not consistently available and
therefore could not be included in the analysis. Microbiological airway
sampling was performed only in patients with clinical indications
rather than routinely, introducing a potential selection bias. As all data
were collected at a tertiary university hospital, referral bias is also
possible, which may limit the generalizability of our findings. Finally,
regional variation in MDRO prevalence, resistance patterns, and
antimicrobial stewardship practices may restrict the transferability of
our results to other healthcare settings.

Despite these limitations, this study represents an important first
step in systematically investigating the impact of PPCs and MDRO
colonization in the high-risk EL population. By identifying both
modifiable and non-modifiable risk factors associated with poor
outcomes, our findings lay the groundwork for improved perioperative
risk stratification and patient-centered management strategies. Given
the increasing prevalence of antimicrobial resistance and the
persistently high morbidity associated with PPCs in emergency
surgery, further prospective, multicenter studies are urgently needed
to validate these findings and inform evidence-based interventions
tailored to this vulnerable patient cohort.

5 Conclusion

In summary, PPCs following EL are common and have a profound
impact on patient outcomes, significantly increasing mortality. Our
study identifies a high preoperative ASA score, an elevated
preoperative CAR, low preoperative hemoglobin, and MDRO
colonization as independent predictors of PPC development and as
factors associated with increased 90-day mortality in patients with
PPCs. Among these, preoperative colonization with Gram-negative
MDROSs may represent the most readily actionable risk factor, even in
the constrained emergency setting. These findings underscore the
importance of rigorous preoperative risk stratification and support
future studies to evaluate whether patients at high risk of PPCs could
benefit from antibiotic regimens tailored to their colonizing MDROs.
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