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ABSTRACT 
Postoperative intra-abdominal complications (POIACs) are a major challenge in abdominal surgery, associated with high morbidity and 

mortality. However, no clinically validated algorithms exist to guide the critical decision between laparoscopic and open surgical access. 

This single-center cohort study analyzed 253 patients with POIACs. We evaluated the prognostic significance of universal scales (SAPS 

II, SOFA, APACHE II), peritonitis-specific scores (Mannheim Peritonitis Index (MPI), Surgical Strategy for Peritonitis Scale (SSPS), 

World Society of Emergency Surgery Sepsis Severity Score (WSES SSS), Abdominal Cavity Index (ACI)), and laboratory markers 

(procalcitonin (PCT), lactate, C-reactive protein (CRP)) using ROC analysis and binary logistic regression. Independent predictors for 

selecting open access included age ≥60 years, ASA ≥ IV, SAPS II ≥ 28, SOFA ≥ 4, and APACHE II ≥ 17. For peritonitis, key thresholds 

were SSPS ≥ 4 (OR 1.69) and MPI ≥ 21 (OR 1.08). The combined criterion of PCT ≥7 ng/mL and lactate ≥2 mmol/L demonstrated high 

specificity (85%) for predicting laparotomy. Based on these findings, a three-zone risk stratification algorithm ("green," "yellow," "red") 

was developed. Application of the laparoscopic approach, guided by these criteria, led to significantly better outcomes, including a 

dramatic reduction in 90-day mortality for infectious complications (1.1% vs. 15.1%, p<0.001). Crucially, successful laparoscopic 

correction after primary laparotomy ("minimally invasive step") was achieved in 48.7% of patients with peritonitis and 63.5% with non-

infectious complications. This algorithm provides a validated, quantitative framework for selecting surgical access in POIACs, 

potentially improving patient outcomes by optimizing the surgical approach. The concept of a "minimally invasive step" challenges the 

dogma of mandatory repeat laparotomy after primary open surgery. 
https://creativecommons.org/licenses/by-nc/4.0/ 
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1 Introduction  

Postoperative intra-abdominal complications (POIACs) remain 

one of the most challenging problems in modern abdominal 

surgery, associated with high morbidity, significant mortality, 

and a substantial socio-economic burden [1]. According to 

multicentre studies, the incidence of POIACs varies from 8% to 

31.5%, depending on the type of primary intervention, with the 

proportion of severe complications (Clavien-Dindo grade III–V) 

reaching 8% [2–4]. The occurrence of POIACs prolongs 

hospitalization by 2–3 times, increases treatment costs by 40–

60%, and accounts for up to 80% of early postoperative deaths 
[5,6,7]. Choosing the optimal surgical approach for the correction 

of POIACs—laparoscopic or open—presents a complex clinical 

challenge, upon which immediate and long-term treatment 

outcomes critically depend. On one hand, the laparoscopic 

approach demonstrates advantages such as reduced surgical 

trauma, faster recovery, and shorter hospital stays [4,8]. On the 

other hand, its use in severe infectious complications, generalized 

peritonitis, and hemodynamic instability is limited by technical 

difficulties and the risk of inadequate source control [9,10]. 

Traditional relaparotomy, which retains its status as the "gold 

standard" in severe cases, is associated with a higher incidence of 

wound infections, adhesive disease, and prolonged rehabilitation 
[6,11]. To date, there are no systematized, clinically validated 

algorithms in the global literature for selecting the surgical 

approach in the management of POIACs. Existing 

recommendations are primarily descriptive, based on expert 

opinion, and do not offer quantitative decision-making criteria [2]. 

The integration of prognostic scores (SAPS II, SOFA, APACHE 

II), specific peritonitis indices (MPI, WSES SSS), and laboratory 

biomarkers (procalcitonin, lactate) into a unified diagnostic and 

tactical model has not been implemented [12–14]. This leads to 

significant subjectivity in choosing the approach, high variability 

in clinical outcomes, and unjustified intraoperative conversions 
[15–17]. The issue of the so-called "minimally invasive step"—the 
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use of a laparoscopic approach for the correction of POIACs in 

patients who underwent primary open surgery—is particularly 

relevant. The established dogmatic practice favours repeat 

laparotomy after an initial laparotomy; however, the evidence 

base for the effectiveness and safety of laparoscopic revision in 

this patient cohort is limited [18,19]. Therefore, the development 

and validation of a comprehensive algorithm for selecting the 

surgical approach in POIACs, one that integrates objective 

prognostic criteria and ensures a personalized approach to 

intervention strategy, represents a priority direction for 

improving emergency and elective abdominal surgery and 

adheres to the principles of evidence-based medicine [15,16]. 

2 Methods and Materials  

2. 1 Study Design: A cohort study was conducted, comprising a 

retrospective (n=152, 60%) and a prospective (n=101, 40%) 

component. The study was carried out at the I.V. Davydovsky 

City Clinical Hospital (Moscow) from January 2019 to January 

2024. The study protocol was approved by the Local Ethics 

Committee of the I.M. Sechenov First Moscow State Medical 

University (№. 25–22 dated 08.12.2022). All patients provided 

informed consent to participate in the prospective part of the 

study. 

2. 2 Inclusion Criteria: Age ≥18 years; Development of POIACs 

within 90 days following primary surgical intervention on the 

abdominal cavity organs, retroperitoneal space, or pelvis; 

Necessity for surgical correction of the complication (Clavien-

Dindo class IIIb–V); Elective or emergency hospitalization. 

2. 3 Exclusion Criteria: Age under 18 years; Refusal of surgical 

treatment; Terminal stage of oncological or incurable somatic 

disease with a life expectancy of <30 days; Complications 

manageable with conservative therapy or minimally invasive 

interventions under local anaesthesia (Clavien-Dindo classes I–

IIIa); Incomplete medical records (for the retrospective cohort). 

2. 4 Patient Stratification: All patients (n=253) were divided into 

two groups based on the nature of the complication: 

Group A (n=141, 55.7%): Intra-abdominal infectious 

complications (peritonitis according to the V. S. Saveliev 

classification, 2014). 

Group B (n=112, 44.3%): Non-infectious intra-abdominal 

complications. 

Each group was further subdivided by the type of surgical 

approach used for the correction: 

Infectious Complications: Laparoscopic approach (n=88, 62.4%), 

Open approach (n=53, 37.6%). 

Non-infectious Complications: Laparoscopic approach (n=83, 

74.1%), Open approach (n=29, 25.9%). 

 

 

2. 5 Assessed Parameters: 

Baseline Characteristics: Age, sex, body mass index (BMI), 

physical status according to the ASA classification, type of 

admission (elective/emergency), nature of the primary 

intervention. 

Prognostic Scales: 

Universal: SAPS II, SOFA, APACHE II. 

Specific for Peritonitis: Mannheim Peritonitis Index (MPI), 

Surgical Strategy for Peritonitis Scale (SSPS), World Society of 

Emergency Surgery Sepsis Severity Score (WSES SSS), 

Abdominal Cavity Index (), Intra-abdominal view scale. 

Laboratory Markers (on the 1st day after primary surgery): C-

reactive protein (CRP), procalcitonin (PCT), lactate, lactate 

dehydrogenase (LDH).  

2. 6 Treatment Outcomes: Duration of hospitalization and ICU 

stay, rate of repeat interventions, 90-day mortality, continuity of 

surgical approaches. 

2. 7 Statistical Analysis: Statistical processing was performed 

using IBM SPSS Statistics (version 26). The Shapiro-Wilk test 

was used to assess the normality of distribution. For comparisons 

between independent groups, the Student's t-test (for normal 

distribution) or the Mann-Whitney U test (for non-normal 

distribution) were applied. Qualitative characteristics were 

compared using Pearson's Chi-square test or Fisher's exact test. 

Binary logistic regression analysis was used to identify 

independent predictors. The discriminatory power of the scales 

was assessed using ROC analysis, determining the area under the 

curve (AUC) and optimal threshold values. The optimal cut-off 

point for each predictor was determined by maximizing the 

Youden index (J = Sensitivity + Specificity – 1). Differences were 

considered statistically significant at p < 0. 05. 

3 Results 

This study included 253 patients requiring repeat surgical 

intervention for POIACs. The median age was 55.3 years (range 

18–94 years), and 56.9% were male. Emergency admission 

occurred in 88.0% of patients. The distribution of patients by the 

severity of complications (Clavien-Dindo classification) and the 

type of surgical approach used is presented in Table 1. Of the total 

cohort, 141 (55.7%) patients were diagnosed with infectious 

complications (peritonitis), and 112 (44.3%) with non-infectious 

complications (such as bile leakage, intra-abdominal bleeding, 

acute intestinal obstruction, or postoperative hernias). A 

laparoscopic approach for the correction of POIACs was used in 

171 (67.6%) patients, while an open approach was used in 82 

(32.4%). This demonstrates a significant association between the 

type of complication and the chosen approach (χ² = 3.898; p = 

0.048), with laparoscopy used more frequently in non-infectious 

cases.
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Table 1: Baseline Characteristics, Complication Severity, and Surgical Approaches (n=253). 

Parameter Infectious Complications (n=141) Non-infectious Complications (n=112) Total (n=253) 

Clavien-Dindo Grade 

IIIb 100 (39.5%) 88 (34.8%) 188 (74.3%) 

IVa 14 (5.5%) 17 (6.7%) 31 (12.3%) 

IVb 18 (7.1%) 5 (2.0%) 23 (9.1%) 

V 9 (3.6%) 2 (0.8%) 11 (4.3%) 

Surgical Approach for POIACs Correction 

Laparoscopic 88 (62.4%) 83 (74.1%) 171 (67.6%) 

Open 53 (37.6%) 29 (25.9%) 82 (32.4%) 

3. 1 Predictors of Surgical Approach Selection 

Patients who underwent open surgery were significantly older 

(60.8±17.7 vs. 50.8±17.4 years; p<0.001) and had a more severe 

ASA physical status (4.0±0.5 vs. 3.7±0.5 points; p<0.001). 

Multivariate analysis confirmed that each additional year of age 

increased the odds of choosing laparotomy by 3.5% (OR=1.035; 

95% CI 1.017–1.052; p<0.001), and an increase in ASA class 

raised these odds 4-fold (OR=3.995; 95% CI 2.013–7.930; 

p<0.001).  

All universal severity scales demonstrated high prognostic 

significance for predicting an open approach, with values for 

SAPS II, SOFA, and APACHE II being significantly higher in 

the laparotomy group (p < 0.001). In the peritonitis subgroup 

(n=141), the specialized indices—MPI, SSPS, and WSES SSS—

were independent predictors. Laboratory markers on the first 

postoperative day, particularly PCT and lactate, also showed 

significant predictive value. The predictive accuracy of these 

scores and markers is summarized in Table 2. Notably, the 

combined criterion of PCT ≥7 ng/mL and lactate ≥2 mmol/L 

yielded a high specificity of 85% for predicting the need for 

laparotomy.  

In patients with non-infectious complications (n=112), body mass 

index (BMI) was a significant independent predictor for choosing 

an open approach. At a cut-off value of BMI ≥30.6 kg/m², 

sensitivity was 72.4%, and specificity was 72.3% (AUC 0.747; 

p<0.001).

Table 2: Prognostic Accuracy of Key Predictors for Choosing an Open Approach. 

Predictor 
Area under ROC curve 

(95% CI) 
Optimal Cut-off Sensitivity (%) Specificity (%) 

Universal Scales (All Patients) 

SAPS II 0.820 (0.748–0.891) ≥28 79 73 

SOFA 0.781 (0.707–0.855) ≥4 76 71 

APACHE II 0.776 (0.699–0.854) ≥17 74 70 

Peritonitis-Specific Indices (n=141) 

WSES SSS 0.833 (0.764–0.901) ≥6 77.4 80.7 

Peritonitis Strategy Scale 0.841 (0.770–0.911) ≥4 85 72 

Mannheim Peritonitis Index 0.813 (0.738–0.887) ≥21 79 71 

Lab Markers (All Patients) 

Procalcitonin (ng/mL) 0.760 (0.682–0.839) ≥7 68 78 

Lactate (mmol/L) 0.715 (0.632–0.798) ≥2 62 75 

PCT ≥7 ng/mL + Lactate ≥2 mmol/L - - 61 85 

3. 2 Clinical Algorithm for Surgical Approach Selection 

Based on these findings, clinical algorithms were developed for 

patients with infectious and non-infectious complications. The 

algorithm for peritonitis (Figure 1) integrates the sequential 

assessment of peritonitis extent and exudate character (V.S. 

Saveliev classification), calculation of the MPI, SSPS, and WSES 

SSS, and determination of PCT and lactate levels.
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Figure 1: Clinical Algorithm for Selecting Surgical Access in Patients with Peritonitis (Infectious POIACs).

The algorithm for non-infectious complications (Figure 2) 

integrates universal severity scales (SAPS II, SOFA, APACHE 

II), BMI, the specific type of complication, and intraoperative 

findings.

 

Figure 2: Clinical Algorithm for Selecting Surgical Access in Patients with Non-Infectious POIACs.

Both algorithms stratify patients into three risk zones, guiding the  selection of the optimal surgical approach, as detailed in Table 3.
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Table 3: Risk Stratification and Recommended Surgical Approach. 

Risk 

Category 
Criteria for Peritonitis 

Criteria for Non-Infectious 

Complications 

Recommended 

Approach 

Green MPI ≤20, SSPS ≤3, WSES SSS ≤5, PCT <7 

ng/mL, Lactate <2 mmol/L 

SAPS II <28, SOFA <4, APACHE II 

<17, BMI <30.6 kg/m² 

Laparoscopy 

Yellow MPI 21–25 OR SSPS =4 OR isolated elevation 

of one biomarker 

Borderline scale values, BMI 30–35 

kg/m² 

Individualized 

Decision 

Red MPI ≥26, SSPS ≥5, WSES SSS ≥6, PCT ≥7 

ng/mL AND Lactate ≥2 mmol/L 

SAPS II ≥28, SOFA ≥4, APACHE II 

≥17, BMI ≥30.6 kg/m² 

Primary Laparotomy 

3. 3 Clinical Outcomes and the "Minimally Invasive Step" 

Application of the laparoscopic approach in accordance with the 

developed algorithm led to significantly better treatment 

outcomes compared to open interventions, as shown in Table 4. 

The laparoscopic group demonstrated a higher success rate of the 

primary re-intervention, shorter hospital and ICU stays, fewer 

repeat operations, and dramatically lower 90-day mortality. This 

is particularly striking in the infectious complications group, 

where mortality was reduced from 15.1% with laparotomy to 

1.1% with laparoscopy. Furthermore, the need for three or more 

reoperations was significantly lower in the laparoscopy group for 

infectious complications (5.7% vs. 26.4%).

Table 4: Comparative Analysis of Treatment Outcomes by Surgical Approach. 

Outcome 

Infectious Complications Non-infectious Complications 

Laparoscopy 

(n=88) 

Laparotomy 

(n=53) 

Laparoscopy 

(n=83) 

Laparotomy 

(n=29) 

Hospital stay, days (median) 19 23 12 17 

ICU stay, days (median) 5 10 1 5 

Success of primary re-intervention (%) 73.9% 47.2% 96.4% 89.7% 

Reoperations (≥3) (%) 5.7% 26.4% 0% 3.4% 

90-day mortality (%) 1.1% 15.1% 1.2% 3.4% 

This study provides evidence for the feasibility of a "minimally 

invasive step"—successful laparoscopic correction of POIACs 

after primary laparotomy. The data on access continuity, 

summarized in Table 5, challenge the established dogma that re-

intervention after open surgery must be performed via 

laparotomy. In this cohort, 48.7% of patients with infectious 

complications and 63.5% with non-infectious complications 

following primary laparotomy underwent successful repeat 

intervention using a laparoscopic approach.

Table 5: Continuity of Surgical Approaches ("Minimally Invasive Step"). 

Primary Approach Reoperation Approach Infectious Complications (n=141) Non-infectious Complications (n=112) 

Laparoscopy 
Laparoscopy 49 (75.4%) 50 (83.3%) 

Laparotomy 16 (24.6%) 10 (16.7%) 

Laparotomy 
Laparoscopy 37 (48.7%) 33 (63.5%) 

Laparotomy 39 (51.3%) 19 (36.5%) 

4 Discussion 

This study presents the first clinically validated algorithm for 

selecting surgical access in patients with POIACs. The algorithm 

moves beyond subjective decision-making by integrating 

objective, quantifiable predictors. The high prognostic value of 

the universal scales (SAPS II, SOFA, APACHE II) demonstrated 

in this study aligns with international data [8,9] and confirms the 

value of their routine use in planning repeat interventions. The 

identified cut-off values provide objective thresholds to 

accurately identify patients for whom a laparoscopic approach 

may be contraindicated due to a high risk of adverse outcomes. 

In patients with peritonitis, the specialized indices (MPI, SSPS, 

WSES SSS) proved most informative, with cut-off values (MPI 

≥21, SSPS ≥4, WSES SSS ≥6) consistent with literature 

associating high scores with increased mortality and the need for 

more extensive surgery [1,2,10,13]. Notably, the SSPS, proposed by 

national authors [12], demonstrated predictive accuracy 

comparable to the MPI with greater simplicity, making it a 
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promising tool for rapid intraoperative assessment. The identified 

role of a combined PCT and lactate threshold as a highly specific 

predictor of the need for open surgery adds to the evidence for 

multi-marker strategies in abdominal sepsis [17,18]. 

The marked reduction in mortality, hospital stay, and the rate of 

multiple reoperations in the laparoscopy group strongly confirms 

the clinical efficacy of the proposed approach. This aligns with 

the well-documented benefits of minimally invasive surgery, 

which extend beyond shorter recovery to include reduced surgical 

stress, lower rates of wound infections, and potentially less 

postoperative adhesive disease [3,4,17,19]. 

Furthermore, the demonstration of a successful "minimally 

invasive step" is a key finding of this study. While recent studies 
[2,15,16] have suggested the possibility of relaparoscopy in selected 

patients, clear selection criteria have not been previously 

formulated. Our data showing that nearly half of patients with 

peritonitis and the majority with non-infectious complications 

can safely undergo laparoscopic revision after primary open 

surgery is a paradigm shift. The algorithm proposed here offers, 

for the first time, the criteria to identify these patients, potentially 

expanding the application of minimally invasive techniques in 

revisional surgery. 

4. 1 Study Limitations 

This study has several limitations. First, its single-centre design 

may limit the generalizability of our findings to other populations 

or healthcare settings. Second, the retrospective component is 

subject to potential selection bias, although this was partially 

mitigated by the inclusion of a large prospective cohort and the 

use of robust statistical methods. Third, while our algorithm 

performed well in this internal validation, it lacks external 

validation in an independent, multicentre cohort, which is 

essential before it can be broadly recommended for clinical use. 

Fourth, variability in laboratory assays and surgical expertise 

between institutions could affect the reproducibility of the 

proposed thresholds. Finally, as a cohort study, it demonstrates 

association but cannot prove causality. Future prospective, 

multicentre studies are needed to validate this algorithm and 

assess its impact on patient outcomes across diverse surgical 

settings. 

5 Conclusion 

A comprehensive algorithm for selecting the surgical approach in 

the management of postoperative intra-abdominal complications 

has been developed and clinically tested. It integrates the type of 

complication, universal prognostic scales, specific peritonitis 

indices, and laboratory markers. Specific, statistically derived 

threshold values for these tools were established to determine 

surgical strategy. This three-zone risk stratification model 

standardizes preoperative planning and minimizes subjectivity. 

Its application demonstrates that the laparoscopic approach is 

associated with significantly better clinical outcomes, including 

dramatically lower mortality. Crucially, the study introduces and 

validates the concept of a "minimally invasive step," proving that 

successful laparoscopic correction after primary open surgery is 

feasible in a significant proportion of patients. This algorithm is 

recommended for implementation as a decision-support tool for 

planning revisional interventions, with the understanding that 

further multicentre validation is warranted. 
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