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Open or closed abdomen post laparotomy to control severe 
abdominal sepsis: a survival analysis

Abdome aberto ou fechado pós-laparotomia para controle de sepse de foco 
intra-abdominal severa: uma análise de sobrevivência

	 INTRODUCTION

Sepsis is one of the main causes of death in the world1,2, 

and intra-abdominal sepsis is the second most 

common form of sepsis3. Generalized peritonitis, which 

then progress to severe complicated abdominal sepsis 

(SCAS), represents one of the most challenging clinical 

situations that surgeons face in their daily care routine. 

It can quickly progress to shock and failure of multiple 

organs and systems, leading to relevant morbidity and 

mortality rates4-7.

This condition very commonly requires 

reoperations to review the abdominal cavity to eliminate 

persistent or recurrent peritonitis or to treat complications 

from the progression of infection, even for those patients 

who receive expanded antimicrobial therapy and adequate 

clinical support after an initial surgical approach8-10.

One of the therapeutic strategies is treatment 

with an open abdomen, without primary closure 

of the abdominal wall at the end of a laparotomy, 

applying negative pressure therapy (NPT) to remove the 

accumulation of fecal, enteric, purulent, inflammatory, 

and/or infectious ascites, to try and control the septic 

focus4,6,9,11-13. The other strategy is the primary synthesis 

of the cavity at the end of the first operative approach, 

which is part of the routine of any abdominal surgery.

Imad Shehadeh acbc-pr1 ; Luciano de Andrade2 ; Ariana Ieda Lima Ferreira da Silva1 ; Pedro Henrique Iora2 ; Eduardo 
Falco Knaut2 ; Giordanna Chiqueto Duarte2 ; Carlos Edmundo Rodrigues Fontes tcbc-pr1,2,3 .

1 - Hospital Universitário Regional de Maringá, Departamento de Cirurgia Geral - Maringá - PR - Brasil 2 - Universidade Estadual de Maringá, Departa-
mento de Medicina - Maringá - PR - Brasil 3 - Universidade Estadual de Maringá, Programa de Mestrado em Gestão Tecnologia e Inovação em Urgência 
e Emergência - Maringá - PR – Brasil

Original article

A B S T R A C TA B S T R A C T

Introduction: severe abdominal sepsis, accompained by diffuse peritonitis, poses a significant challenge for most surgeons. It often 

requires repetitive surgical interventions, leading to complications and resulting in high morbidity and mortality rates. The open abdomen 

technique, facilitated by applying a negative-pressure wound therapy (NPWT), reduces the duration of the initial surgical procedure, 

minimizes the accumulation of secretions and inflammatory mediators in the abdominal cavity and lowers the risk of abdominal 

compartment syndrome and its associated complications. Another approach is primary closure of the abdominal aponeurosis, which 

involves suturing the layers of the abdominal wall. Methods: the objective of this study is to conduct a survival analysis comparing the 

treatment of severe abdominal sepsis using open abdomen technique versus primary closure after laparotomy in a public hospital in the 

South of Brazil.  We utilized data extracted from electronic medical records to perform both descriptive and survival analysis, employing 

the Kaplan-Meier curve and a log-rank test. Results: the study sample encompassed 75 laparotomies conducted over a span of 5 years, 

with 40 cases employing NPWT and 35 cases utilizing primary closure. The overall mortality rate observed was 55%. Notably, survival 

rates did not exhibit statistical significance when comparing the two methods, even after stratifying the data into separate analysis 

groups for each technique. Conclusion: recent publications on this subject have reported some favorable outcomes associated with the 

open abdomen technique underscoring the pressing need for a standardized approach to managing patients with severe, complicated 

abdominal sepsis.
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Publications on the subject demonstrate results 

favorable to NPT14-17. Complications such as enteric fistula 

and inability to close the aponeurosis, with progression to 

incisional hernia, were more frequent when the primary 

synthesis of the abdominal wall was not performed and 

the abdomen was left open in a peritoneostomy, without 

negative pressure applied6,8,18 -21.

To reduce complications and harm to these 

patients, diagnosis and appropriate therapy must be 

carried out as soon as possible22. The delay in decision-

making and/or in referring the patient to a specialized 

center causes morbidity and mortality to increase 

significantly22. Therefore, reference hospitals must be 

prepared for a surgical approach, in addition to providing 

excellent clinical and hemodynamic support for patients 

with SCAS.

A global consensus on the best approach has 

not yet been defined, that is, primary synthesis of the 

aponeurosis in the first operation or performance of NPT. 

Although primary synthesis is still used for treatment, 

many studies have already demonstrated satisfactory 

results with NPT4,5,14-16,23,24-27. Current research shows 

that this therapeutic approach, especially after the 

development and improvement of advanced therapies, 

has been a reliable and feasible option, providing greater 

safety to the abdominal viscera and greater control of 

the spread of inflammatory mediators of abdominal 

sepsis14,23.

The objective of this study was to carry out 

a survival analysis of patients treated at a university 

hospital in southern Brazil, comparing treatments for 

severe intra-abdominal sepsis with Barker-type, open-

abdomen negative pressure therapy (NPT) or with 

primary aponeurosis synthesis after laparotomy. 

	 METHODS

Study design and location

We conducted an observational, retrospective 

research, based on secondary data obtained from 

electronic medical records of patients with diffuse 

peritonitis that progressed to SCAS treated at the 

Hospital Universitário Regional de Maringá (HURM) 

between 2017 and 2021.

HURM is a reference center for more than 

115 counties in the northwestern macro-region of the 

state of Paraná, Southern Brazil, serving a population 

of approximately two million for various causes. Among 

these, acute abdomen stands out, most patients being 

referred to the tertiary hospital from health services that 

lack the capacity for definitive treatment.

Inclusion and exclusion criteria

We included individuals over eighteen years 

old with known or suspected infectious cause of 

abdominal focus and one or more signs of hemodynamic 

instability (volume-refractory hypotension, tachypnea, 

tachycardia, lability of body temperature, change in 

level of consciousness, oliguria, cold extremities, and/

or thin pulses with signs of poor perfusion, among 

others)1-3,5,7, with intraoperative evidence of purulent 

spillage and presence of free enteric content in the 

abdominal cavity, who underwent closure with primary 

aponeurosis synthesis or NPT27.

The NPT used in the service was the Barker 

technique, which consists of a fenestrated, non-

adherent polyethylene sheet placed over the viscera 

and covered with sterile surgical pads. Two surgical 

drains are positioned between the pads, the abdomen is 

sealed with a large adhesive dressing, and the drains are 

connected to a continuous suction system28.

Exclusion criteria were pregnancy, trauma, 

laparoscopy, inability to close the cavity due to undue 

tension or inducing abdominal hypertension, and 

uncontrollable bleeding. We also excluded patients with 

data considered insufficient for analysis or barely present 

in the medical records, minimizing potential bias.

Due to high-cost issues, no commercial 

dressings were used in the hospital service for the 

treatment of severe intra-abdominal sepsis.

Data source

Secondary data collected from patients’ 

electronic medical records were stored in an Microsoft 

Excel spreadsheet. Subsequently, they were analyzed in 

a descriptive and inferential way using the R software. 

The variables used in the study include demographics 
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(age and sex), type of procedure and duration, ASA 

score (American Society of Anesthesiologist), surgical 

indication, time of onset of symptoms, closure technique 

of the first approach, duration of NPT in days, number of 

surgical interventions, number of complications, days of 

intensive care, time from arrival to outcome, and interval 

in days between the procedures.

Data analysis

After the descriptive analysis, we used the 

chi-square statistical test to make comparisons between 

the two abdominal wall closure techniques as to the 

described variables of interest, adopting a significance 

level of 5% (p≤0.05).

Survival analysis was performed using the 

Kaplan-Meier method. Initially, an overall survival 

curve was constructed, representing patient survival 

throughout hospitalization. Then, a second curve 

was created to compare patients who underwent the 

primary aponeurosis closure technique with those who 

received NPT, applying the log-rank test. Furthermore, 

for a more comprehensive analysis, we established a 

categorization criterion that involved the definition of a 

specific therapeutic group for each of the two surgical 

techniques studied. This distinction was made as follows: 

if in the first surgery in which primary synthesis was 

adopted as the closure technique patients subsequently 

required a second surgical intervention, they were 

considered as members of the group. This occurred 

when the initial approach was not sufficient to resolve 

the problem. On the other hand, if in the first surgery in 

which NPT was used and in the subsequent intervention 

it was not possible to close the abdominal wall, these 

cases were also included in the analysis of this portion of 

the sample. This indicates that the initial technique did 

not achieve the desired result.

The final manuscript of the present study 

followed the STROBE (Strengthening the Reporting of 

Observational Studies in Epidemiology) guidelines, which 

guarantee transparent reporting and are considered the 

standard for observational studies30.

The project was approved by the Academic 

Activities Regulation Commission (COREA) of HURM (n° 

059/2020) and by the Permanent Ethics Committee on 

Research with human beings of the State University of 

Maringá (COPEP/UEM) - (CAAE: 63638822.4.0000.0104).

	 RESULTS

There were 75 laparotomies for abdominal 

infectious causes during the five-year period, 48 male 

patients (64%) and 27 females (36%). The average age 

was 59.52 years, with a standard deviation of 17.32 and 

a median of 61.

The indications for surgical treatment were 

divided into the different types of acute abdomen, such 

as perforating, inflammatory, obstructive, and ischemic 

(Table 1). There was no hemorrhagic abdomen within 

the sample.

Table 1 - Distribution of patients according to the type of acute abdo-
men.

Acute abdomen type
Number of 
patients

Percentage

Perforating 33 44%
Inflammatory 26 34.7%
Obstructive 9 12%
Ischemic 7 9.3%

The duration of the procedures, in minutes, 

had an average of approximately 180, with a minimum 

of 60 and a maximum of 480, and a median of 175 

minutes. Most patients were ASA 2 (17), 3 (30), and 4 

(22), the remainder being six cases. The time from onset 

of symptoms to the operation in question resulted in an 

average of three days, indicating a rapid evolution of 

symptoms.

In the medical records analyzed, we found 

two main techniques for closing the abdominal wall 

for the treatment of SCAS. In total, there were 40 NPTs 

implemented using the Barker technique and 35 primary 

syntheses. Of the patients with a known outcome, 

excluding those who were transferred or evaded medical 

care, 31 (45%) were discharged and 38 (55%) died.

Patients who required re-approach were 

typically for review of the cavity and lavage, in addition 

to evaluation of complications. The distribution 
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Figure 1. Univariate analysis of survival after the first intervention.

approximated an average of three operations from 

the first intervention and a standard deviation of 2.76. 

The main surgical complications were fistulas (29.3%), 

surgical wound infection (9.3%), bowel loop ischemia 

(8%), intra-abdominal abscess (8%), intra-abdominal 

hematoma (5.3%), evisceration (5.3%), and abdominal 

wall bleeding (4%). Furthermore, other less frequent 

surgical complications were documented, such as 

incisional hernia, colostomy necrosis, seroma, adhesions, 

and extremity ischemia (1.3%).

Among fistula-type complications, enteric 

fistula was the most frequent, represented by 47.8% 

of cases, followed by colonic one, in 21.7% of cases 

(Table 2).

Table 2 - Description of the types of fistulas.

Types of fistula
Number of 

patients
Percentage

Not classified 4 17.4%
Colonic 5 21.7%
Enteric 11 47.8%
Duodenal 2 8.7%
Pancreatic 1 4.4%

In patients in whom NPT was used, its average 

duration was 6.66 days, standard deviation of 8.55, and 

median of 3, with a maximum of 39 days. The average 

length of stay in an intensive care environment was 

14.73 days, with a standard deviation of 18.86. The 

time from NPT to outcome was quite variable, with a 

mean of 20.19 days, a median of 18, and a standard 

deviation of 16.94 days.

Table 3 demonstrates the distribution of 

variables by type of treatment instituted. The chi-square 

test, based on the distribution between groups and 

associated variables, such as sex, ASA, and number 

of complications, did not show statistical significance. 

However, age presented a significant p-value, 

demonstrating homogeneous distribution between 

age groups for patients undergoing NPT versus primary 

synthesis.

Patient survival was analyzed with the 

Kaplan-Meier method, allowing a clear observation of 

the relationship between a lower chance of survival 

and increased length of stay (Figures 1 and 2). This 

downward trend, although relatively constant, did not 

allow the identification of a clear cut-off period.

Table 3 - Comparison of variables by therapy group.

Variable NPT
Primary 

Synthesis
Chi-Square

Sex
Male 26 21

0.698
Female 14 14
Age group
20-40 10 1

0.024
41-60 10 14
61-80 16 13
81-100 4 7
ASA
1 1 2

0.493
2 9 9
3 14 15
4 12 9
5 4 0
Number of 
complications
0 22 17

0.512
1 9 7
2 5 9
3 4 2

Figure 1 demonstrates the overall survival of 

patients throughout hospitalization. The median survival 

occurs approximately on the 28th day, so that at the end 

of the first month of hospitalization, half of the patients 

remained alive, not considering the patients who were 

discharged, represented by the crosses (+) in the graph.
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When comparing open abdomen with primary 

synthesis (Figure 2), the log-rank test resulted in a p-value 

of 0.43, not statistically significant. Therefore, there is 

insufficient evidence to reject the null hypothesis that 

the two techniques have the same effect on survival. 

Furthermore, we can observe a similarity in the curves, 

with a slight advantage for primary closure in the initial 

days after surgery. For example, NPT reached 50% 

mortality just after the 20th day, while primary synthesis 

did it close to the 30th day.

Figure 2. Survival time until outcome according to the technique used 
in the first intervention.

Figure 3. Survival curve according to the closure technique used.

	 DISCUSSION

During the process of searching and analyzing 

the cases brought to light in this study, we observed that 

the general surgery service at the hospital where the 

study was conducted already applies Barker-type NPT 

to patients diagnosed with SCAS. However, we did not 

identify a set of pre-defined, standardized, systematized 

actions. Intraoperative decisions were chosen based on 

the personal experience of the surgeon responsible for 

each surgical procedure, in addition to monitoring and 

clinical conduct during hospital stay.

As for stratification by cause, we found a high 

incidence of perforating acute abdomen. Perhaps due 

to the delay in transferring a patient to the reference 

center or even due to the epidemiological profile of 

the sample, with patients with various comorbidities 

and advanced age, gastroduodenal ulcers, for example, 

prevailed. Another important point is the absence of 

acute hemorrhagic abdomen, which is easily explained, as 

trauma was considered an exclusion criterion.

Among the complications detected, the sample 

deviates from some numbers frequently reported in other 

services. The Atema20 meta-analysis brought variations 

Despite the lack of statistical significance when 

comparing the treatments (Figure 2), when exploring 

survival between the techniques in more depth (Figure 

3), we observed that the survival analysis curves for the 

two different approaches are remarkably similar, with 

a p-value of 0.7, confirming the lack of statistically 

significant difference between them. Although at times 

patients with prolonged hospitalization on NPT seem 

to have a favorable evolution, mainly from the second 

week of hospitalization on, it is important to highlight 

that the curves cross on three distinct occasions during 

the period studied. This points to a continuous oscillation 

between the approaches and any conclusive statement 

about the superiority of one over the other would be 

premature based on these results, so a data set with a 

larger number of participants would allow for a more 

robust and conclusive analysis.
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from 5.7% to 17.2% for fistulas. These values, although 

focused on the abdominal wall closure technique, are lower 

than the 29.3% in our institution. Other complications are 

less common and are consistent with other surveys20,21.

The approach to sepsis requires effective decision-

making as soon as patient care begins31. The treatment of 

abdominal sepsis has the surgical approach as the main 

therapeutic pillar. It also includes immediate elimination of 

the infectious focus, with intensive resuscitation support 

and antimicrobial therapy, in addition to reoperations15,19.

In the literature, there is still no consensus on 

which patients should undergo relaparotomy8,15. The 

decision is often challenging and difficult, especially when 

faced with critically ill patients with non-specific signs and 

symptoms of sepsis. The need and timing of relaparotomy 

is also still very subjective10, as without standardization of 

conduct, optimized results may not be achieved.

In a large Dutch study conducted by Van Ruler8, 

42% of patients required relaparotomy to control persistent 

or suspected peritonitis. Unusually, 31% of these patients 

had a negative laparotomy. They observed that in the 

group of critically ill patients, mortality was not lower with 

planned relaparotomy, contrary to what is currently widely 

accepted. The results, then, concluded that on-demand 

laparotomy versus planned laparotomy really was the 

most rational approach at the time. However, a criticism 

to consider in understanding surgical source control is that 

Van Ruler8 did not use a contemporary open abdomen 

approach in either arm of his study and that the abdominal 

aponeurosis was formally closed in both groups.

Aspects other than the mortality rate are 

under discussion. Some studies indicate that on-

demand laparotomy substantially reduces the number of 

relaparotomies, the need for Intensive Care Unit (ICU), and 

medical costs32. According to Scriba32, the ICU admission 

rate was 45% lower in on-demand laparotomy.

A meta-analysis of retrospective studies by 

Lamme33 and a subsequent randomized clinical trial by Van 

Ruler8 (aptly called the “RELAP” trial) both concluded that 

planned relaparotomy does not bring a survival advantage, 

may in fact increase morbidity, and leads to significant 

increases in healthcare costs.

Despite the advancement and improvement of 

intensive therapy31, isolated pharmacological therapies 

are not the answer to controlling generalized infection 

and organ dysfunction. Several trials in this regard were 

proposed to contain post-infectious inflammation, proving, 

however, to be extremely expensive and frustrating, 

without beneficial results for patients34,35. 

The results from the study’s institution, from 2017 

to 2021, did not show statistically significant outcomes 

when comparing the primary closure of the aponeurosis 

and the application of a vacuum dressing for the treatment 

of SCAS. We also observed, for patients undergoing NPT 

in the first operation, a lack of standardization regarding 

the best time for re-approaches, the external appearance 

of the dressing often being the reason for the decision on 

when to perform a new procedure. Overall, the survival 

curves demonstrated limited results, but with some 

important points of discussion. The individual general 

clinical picture appears to be a primary and independent 

factor in mortality. However, if the patient survives long 

enough for long-term assessment, little difference is noted 

in the two techniques used. Therefore, it is important to 

highlight that, in agreement with their condition, critically 

ill patient groups undergo more interventions, the need 

for early re-approach being a clear factor in indicating NPT.

This proves that establishing a systematization 

for the treatment of patients with SCAS is essential to 

obtain optimized results that follow updated research on 

the topic15,17,36-38.

The open abdomen (OA) strategy in general 

surgery has been increasingly reported in uncontrolled 

series as a potentially beneficial option for patients with 

severe complicated abdominal sepsis5,8,9,12,13,39. This 

therapeutic approach can allow identification of new 

accumulation of secretions, as well drainage of any residual 

infection, control of any persistent source of infection, 

effective removal of peritoneal fluid rich in inflammatory 

biomediators, prophylaxis against the development of 

abdominal compartment syndrome, and safe evaluation 

of previous gastrointestinal anastomoses5.

Although more randomized controlled trials 

are needed, meta-analyses conducted by a group of 

researchers from Canada17 and Amsterdam15 concluded 

that treatment with negative pressure wound therapy 

appears to be the safest and most effective abdominal 

management technique currently available.

Kirkpatrick conducted a prospective, randomized, 

controlled trial addressing this question, the Intraperitoneal 
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Vacuum Trial14, in Calgary, Alberta. After careful patient 

selection and follow-up, the 90-day survival rate improved 

in the group undergoing active negative pressure therapy 

(hazard ratio, 0.32, 95% CI 0.11-0.93, p=0.04)14.

Evidently, care for these seriously ill patients 

is multidisciplinary31. Intensive clinical and surgical care, 

comprehensive antibiotic therapy, nutrition, physiotherapy, 

psychological support, and assistance to families in short 

form the foundation for a favorable evolution of patients 

affected by SCAS.

The present study has limitations regarding 

the selection of the therapy proposed for each patient, 

which was mostly at the discretion of the surgeon during 

the first approach. The authors propose, in the future, 

the implementation of a protocol with objective criteria 

for choosing between NPT or primary synthesis of the 

aponeurosis on a case-by-case basis. The development of 

such a protocol requires previous incidence studies and 

situational analysis in relation to NPT in the hospital, this 

work being the first developed in the service.

The use of retrospective data generated gaps 

regarding the severity of each patient: collection via 

electronic medical records is subject to heterogeneity 

in data filling, exam requests, medication prescription, 

and intensive care for each person on duty upon 

patient admission and during follow-up in an intensive 

environment. The authors recognize this limitation and 

suggest, for future studies, the standardization of data 

input in medical records through a specific questionnaire 

for SCAS to be filled out during admission and 

hospitalization, with the filling of severity and prognosis 

scales and adequate stratification of the severity of each 

patient.

The future perspective of this work will be to 

implement a protocol for approaching and monitoring 

patients diagnosed with SCAS in the study’s institution. To 

this end, knowledge of the current state of management 

and pre-protocol prognosis of affected patients is 

fundamental, serving as a foundation for the development 

of future research.

	 CONCLUSION

When applying a survival analysis of patients 

with SCAS divided into the therapeutic groups of 

primary closure of the aponeurosis and application of 

NPT treated at the institution in question, we found no 

statistically significant difference in relation to the best 

therapeutic approach. High mortality prevailed at the 

end of the first surgery for both groups.
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Introdução: a sepse abdominal grave, com peritonite difusa, é um grande desafio para o cirurgião geral, sendo muito frequente as 
reintervenções cirúrgicas e complicações desta doença, que apresenta morbimortalidade elevada. A proposta do abdome aberto, 
aplicando-se a terapia por pressão negativa (TPN), reduz o tempo operatório da primeira abordagem cirúrgica, reduz o acúmulo 
de secreções e mediadores inflamatórios no sítio abdominal, diminui a possibilidade de síndrome compartimental abdominal e 
suas complicações. A outra técnica é a síntese primária, quando é optado por fechar a parede por completo. Métodos: o objetivo 
do estudo foi realizar uma análise de sobrevivência comparando os tratamentos de sepse intra-abdominal severa com Abdome 
Aberto e Fechado após laparotomia em um hospital universitário no sul do Brasil. As variáveis foram obtidas a partir de prontuários 
eletrônicos de pacientes submetidos à intervenção cirúrgica e realizou-se uma análise descritiva e de sobrevivência usando a curva 
de Kaplan-Meier e o teste de log-rank. Resultados: a amostra incluiu 75 laparotomias em 5 anos (40 TPN e 35 sínteses primárias), 
com mortalidade de 55%. A sobrevida entre os métodos de fechamento não demonstrou significância estatística, mesmo após a 
divisão em um grupo de análise de cada técnica. Conclusão: recentes publicações destacam resultados favoráveis do abdome aberto, 
enfatizando a necessidade urgente de uma sistematização na assistência de pacientes com sepse abdominal complicada grave.

Palavras-chave: Sepse. Tratamento de Abdome Aberto. Tratamento de Ferimentos com Pressão Negativa.

R E S U M OR E S U M O



8Rev Col Bras Cir 51:e20243595

Shehadeh
Open or closed abdomen post laparotomy to control severe abdominal sepsis: a survival analysis

	 REFERENCES

1.	 Jawad I, Luksic I, Rafnsson SB. Assessing available 

information on the burden of sepsis: global 

estimates of incidence, prevalence and mortality. 

J Glob Health. 2012;2(1):010404. doi: 10.1186/

s13017-018-0183-4.

2.	 Fleischmann C, Scherag A, Adhikari NK, Hartog CS, 

Tsaganos T, Schlattmann P, et al. Assessment of 

Global Incidence and Mortality of Hospital-treated 

Sepsis. Current Estimates and Limitations. Am J 

Respir Crit Care Med. 2016;193(3):259-72. doi: 

10.1164/rccm.201504-0781OC.

3.	 Singer M, Deutschman CS, Seymour CW, Shankar-

Hari M, Annane D, Bauer M, et al. The Third 

International Consensus Definitions for Sepsis and 

Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-

10. doi: 10.1001/jama.2016.0287.

4.	 Roberts DJ, Ball CG, Kirkpatrick AW. Increased 

pressure within the abdominal compartment: 

intra-abdominal hypertension and the abdominal 

compartment syndrome. CurrOpinCrit 

Care. 2016;22(2):174-85. doi: 10.1097/

MCC.0000000000000289.

5.	 Leligdowicz A, Dodek PM, Norena M, Wong H, 

Kumar A, Kumar A, et al. Association between 

source of infection and hospital mortality in 

patients who have septic shock. Am J Respir Crit 

Care Med. 2014;189(10):1204-13. doi: 10.1164/

rccm.201310-1875OC.

6.	 Sartelli M, Abu-Zidan FM, Ansaloni L, Bala M, 

Beltran MA, Biffl WL, et al. The role of the open 

abdomen procedure in managing severe abdominal 

sepsis: WSES position paper. World J Emerg Surg. 

2015;10:35. doi: 10.1186/s13017-015-0055-0.

7.	 Gavelli F, Castello LM, Avanzi GC. Management 

of sepsis and septic shock in the emergency 

department. Intern Emerg Med. 2021;16:1649–61. 

doi: 10.1007/s11739-021-02735-7.

8.	 Van Ruler O, Mahler CW, Boer KR, Reuland EA, 

Gooszen HG, Opmeer BC, et al. Comparison of 

on-demand vs planned relaparotomy strategy in 

patients with severe peritonitis: a randomized 

trial. JAMA. 2007;298(8):865-72. doi: 10.1001/

jama.298.8.865.

9.	 De Waele JJ. Abdominal Sepsis. Curr Infect Dis Rep. 

2016;18(8):23. doi: 10.1007/s11908-016-0531-z.

10.	 Barbosa ASC, Mendes AL, Gomes RF, Leite AS. 

Abdômen aberto: um desafio constante. Braz. J. of 

Development. 2020;6(9):66111-9. doi: 10.34117/

bjdv6n9-153.

11.	 Leppaniemi A, Kimball EJ, De Laet I, Malbrain 

ML, Balogh ZJ, De Waele JJ. Management of 

abdominal sepsis--a paradigm shift? Anaesthesiol 

Intensive Ther. 2015;47(4):400-8. doi: 10.5603/AIT.

a2015.0026.

12.	 Khan A, Hsee L, Mathur S, Civil I. Damage-

control laparotomy in nontrauma patients: review 

of indications and outcomes. J Trauma Acute 

Care Surg. 2013;75(3):365-8. doi: 10.1097/

TA.0b013e31829cb65e.

13.	 Goussous N, Jenkins DH, Zielinski MD. Primary 

fascial closure after damage control laparotomy: 

sepsis vs haemorrhage. Injury. 2014;45(1):151-5. 

doi: 10.1016/j.injury.2013.01.039.

14.	 Kirkpatrick AW, Roberts DJ, Faris PD, Ball CG, 

Kubes P, Tiruta C, et al. Active Negative Pressure 

Peritoneal Therapy After Abbreviated Laparotomy: 

The Intraperitoneal Vacuum Randomized Controlled 

Trial. Ann Surg. 2015;262(1):38-46. doi: 10.1097/

SLA.0000000000001095.

15.	 Roberts DJ, Zygun DA, Grendar J, Ball CG, 

Robertson HL, Ouellet JF, et al. Negative-pressure 

wound therapy for critically ill adults with open 

abdominal wounds: A systematic review. J Trauma 

Acute Care Surg. 2012;73(3):629-39. doi: 10.1097/

TA.0b013e31825c130e.

16.	 Kirkpatrick AW, Xiao J, Jenne CN, Roberts DJ. 

Inflammatory mediators in intra-abdominal sepsis 

or injury - a scoping review. Crit Care. 2015:19:373. 

doi: 10.1186/s13054-015-1093-4.

17.	 Kubiak BD, Albert SP, Gatto LA, Snyder KP, Maier 

KG, Vieau CJ, et al. Peritoneal negative pressure 

therapy prevents multiple organ injury in a 

chronic porcine sepsis and ischemia/reperfusion 

model. Shock. 2010;34(5):525-34. doi: 10.1097/

SHK.0b013e3181e14cd2.

18.	 Sartelli M, Catena F, Ansaloni L, Coccolini F, Corbella 

D, Moore EE, et al. Complicated intra-abdominal 

infections worldwide: the definitive data of the 



9Rev Col Bras Cir 51:e20243595

Shehadeh
Open or closed abdomen post laparotomy to control severe abdominal sepsis: a survival analysis

CIAOW Study World J Emerg Surg. 2014;9:37. doi: 

10.1186/1749-7922-9-37.

19.	 Coccolini F, Biffl W, Catena F, Ceresoli M, Chiara O, 

Cimbanassi S, et al. The open abdomen, indications, 

management and definitive closure. World J Emerg 

Surg. 2015;10:32. doi: 10.1186/s13017-015-0026-

5.

20.	 Atema JJ, Gans SL, Boermeester MA. Systematic 

review and meta-analysis of the open abdomen and 

temporary abdominal closure techniques in non-

trauma patients. World J Surg. 2015;39(4):912-25. 

doi: 10.1007/s00268-014-2883-6.

21.	 Quyn AJ, Johnston C, Hall D, Chambers A, Arapova 

N, Ogston S, et al. The open abdomen and temporary 

abdominal closure systems--historical evolution and 

systematic review. Colorectal Dis. 2012;14(8):e429-

38. doi: 10.1111/j.1463-1318.2012.03045.x.

22.	 Sartelli M, Coccolini F, Kluger Y, et al. WSES/

GAIS/SIS-E/WSIS/AAST global clinical pathways for 

patients with intra-abdominal infections. World J 

Emerg Surg. 2021;16:49. doi: 10.1186/s13017-

021-00387-8.

23.	 Malig MS, Jenne CN, Ball CG, Roberts DJ, Xiao 

Z, Kirkpatrick AW. High Mobility Group Box-

1 Protein and Outcomes in Critically Ill Surgical 

Patients Requiring Open Abdominal Management. 

Mediators Inflamm. 2017;2017:6305387. doi: 

10.1155/2017/6305387.

24.	 Roberts DJ, Jenne CN, Ball CG, Tiruta C, Leger C, 

Xiao Z, et al. Efficacy and safety of active negative 

pressure peritoneal therapy for reducing the 

systemic inflammatory response after damage 

control laparotomy (the Intra-peritoneal Vacuum 

Trial): study protocol for a randomized controlled 

trial. Trials. 2013;14:141. doi: 10.1186/1745-6215-

14-141.

25.	 Person B, Dorfman T, Bahouth H, Osman A, Assalia 

A, Kluger Y. Abbreviated emergency laparotomy 

in the non-trauma setting. World J EmergSurg. 

2009;4:41. doi: 10.1186/1749-7922-4-41.

26.	 Ribeiro Jr. MAF, Barros EA, Carvalho SM, et al. Estudo 

comparativo de técnicas de fechamento temporário 

da cavidade abdominal durante o controle de 

danos. Rev. Col. Bras. Cir. 2016;43(5):368-73. doi: 

10.1590/0100-69912016005015.

27.	 Kirkpatrick AW, et al. Closed or Open after Source 

Control Laparotomy for Severe Complicated 

IntraAbdominal Sepsis (the COOL trial): study 

protocol for a randomized controlled trial. World 

J Emerg Surg. 2018;13:26. doi: 10.1186/s13017-

018-0183-4.

28.	 Cheatham ML, Demetriades D, Fabian TC, 

Kaplan MJ, Miles WS, Schreiber MA, Holcomb JB, 

Bochicchio G, Sarani B, Rotondo MF. Prospective 

Study Examining Clinical Outcomes Associated with 

a Negative Pressure Wound Therapy System and 

Barker’s Vacuum Packing Technique. World J Surg. 

2013;37(9): 2018–30. doi: 10.1007/s00268-013-

2080-z.

29.	 Duarte CG, Fontes CER. Abdome aberto ou fechado 

pós laparotomia para controle de sepse de foco 

intra-abdominal complicada: revisão sistemática da 

literatura. PIBIC/CNPq. FundaçãoAraucária – UEM. 

2022.

30.	 Von Elm E, Altman DG, Egger M, Pocock 

SJ, Gotzsche PC, Vandenbroucke JP. The 

Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) Statement: 

guidelines for reporting observational studies. J 

Clin Epidemiol. 2008;61(4):344-9. doi: 10.1016/j.

jclinepi.2007.11.008.

31.	 Evans L, Rodhes A, Alhazzani W, Antonelli M, et al. 

Surviving Sepsis Campaign: International Guidelines 

for Management of Sepsis and Septic Shock 2021. 

Crit Care Med. 2021;49(11):e1,063-e1143. doi: 

10.1097/CCM.0000000000005337.

32.	 Scriba MF, Laing GL, Bruce JL, Sartorius B, 

Clarke DL. The Role of Planned and On-Demand 

Relaparotomy in the Developing World. World J 

Surg. 2016;40(7):1558-64. doi: 10.1007/s00268-

015-3379-8.

33.	 Lamme B, Boermeester MA, Reitsma JB, Mahler 

CW, Obertop H, Gouma DJ. Meta-analysis of 

relaparotomy for secondary peritonitis. Br J Surg. 

2002;89(12):1516-24. doi: 10.1046/j.1365-

2168.2002.02293.x.

34.	 Opal SM, Dellinger RP, Vincent JL, Masur H, 

Angus DC. The next generation of sepsis clinical 

trial designs: what is next after the demise of 

recombinant human activated protein C? Crit 



10Rev Col Bras Cir 51:e20243595

Shehadeh
Open or closed abdomen post laparotomy to control severe abdominal sepsis: a survival analysis

Care Med. 2014;42(7):1714–21. doi: 10.1097/

CCM.0000000000000325.

35.	 Gentile LF, Moldawer LL. HMGB1 as a therapeutic 

target for sepsis: it’s all in the timing! Expert 

OpinTher Targets. 2014;18(3):243–5. doi: 

10.1517/14728222.2014.883380.

36.	 Sartelli M, Catena F, Abu-Zidan FM, Ansaloni L, Biffl 

WL, Boermeester MA, et al. Management of intra-

abdominal infections: recommendations by the 

WSES 2016 consensus conference. World J Emerg 

Surg. 2017;12:22. doi: 10.1186/s13017-017-0132-

7.

37.	 Coccolini F, Montori G, Ceresoli M, Catena F, Moore 

EE, Ivatury R, et al.  The role of open abdomen in 

non-trauma patient: WSES consensus paper.  World 

J Emerg Surg. 2017;12:39. doi: 10.1186/s13017-

017-0146-1.

38.	 Kirkpatrick AW, Roberts DJ, Faris PD, Ball CG, 

Kubes P, Tiruta C, et al. Active negative pressure 

peritoneal therapy after abbreviated laparotomy: 

the intraperitoneal vacuum randomized controlled 

trial. Ann Surg. 2015;262(1):38-46. doi: 10.1097/

SLA.0000000000001095.

39.	 Bruns BR, Ahmad SA, O’Meara L, Tesoriero R, 

Lauerman M, Klyushnenkova E, et al. Nontrauma 

open abdomens: A prospective observational study. 

J Trauma Acute Care Surg. 2016;80(4):631-6. doi: 

10.1097/TA.0000000000000958.

Received in: 21/05/2023

Accepted for publication: 26/01/2024

Conflict of interest: no.

Funding source: none.

Mailing address:
Imad Shehadeh

E-mail: imadpoa@hotmail.com


