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The open abdomen (OA) is an important approach for managing intra-abdominal catastrophes and continues to be the standard of care.
Despite this, challenges remain with it associated with a high incidence of complications and poor outcomes. The objective of this article
is to perform a systematic review in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines
to identify prognostic factors in OA patients in regard to definitive fascial closure (DFC), mortality and intra-abdominal complications.
An electronic database search was conducted involving Medline, Excerpta Medica, Central Register of Controlled Trials, Cu-
mulative Index to Nursing, and Allied Health Literature and Clinicaltrials.gov. All studies that described prognostic factors in
regard to the above outcomes in OA patients were eligible for inclusion. Data collected were synthesized by each outcome of

Thirty-one studies were included in the final synthesis. Enteral nutrition, organ dysfunction, local and systemic infection, number
of reexplorations, worsening Injury Severity Score, and the development of a fistula appeared to significantly delay DFC. Age
and Adult Physiology And Chronic Health Evaluation version II score were predictors for in-hospital mortality. Failed DFC,
large bowel resection and >5 to 10 L of intravenous fluids in <48 hours were predictors of enteroatmospheric fistula. The source
of infection (small bowel as opposed to colon) was a predictor for ventral hernia. Large bowel resection, >5 to 10 and >10 L of in-
travenous fluids in <48 hours were predictors of intra-abdominal abscess. Fascial closure on (or after) day 5 and having a bowel

Overall methodological quality, high number of retrospective studies, low reporting of prognostic factors and the multitude of fac-

Careful selection and management of OA patients will avoid prolonged treatment and facilitate early DFC. Future research should
focus on the development of a prognostic model. (J Trauma Acute Care Surg. 2017;82: 407-418. Copyright © 2016 Wolters

BACKGROUND:
METHODS:
interest and assessed for methodological quality.
RESULTS:
anastomosis were predictors for anastomotic leak. Overall methodological quality was of a moderate level.
LIMITATIONS:
tors potentially affecting patient outcome that were not analyzed.
CONCLUSION:
Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Systematic review, level II1.
KEY WORDS: Risk factors; open abdomen; laparostomy; regression; predictors.

he open abdomen (OA) is an important approach for man-
aging intra-abdominal catastrophes and continues to be the
standard of care.! Despite this, challenges remain and the
technique is still associated with a high incidence of compli-
cations and poor outcomes.>
Currently, there are no published reviews (collective or
systematic) of prognostic factors in regard to definitive fascial
closure (DFC), mortality, and intra-abdominal complications
of patients being managed with an OA. There are, however,
some factors associated with the development of these outcomes
in patients managed with an OA that have been noted in recent
publications. For example, the presence of multiorgan failure
and ongoing sepsis is associated with delaying DFC, whereas
diverticulitis is associated with development of enteroatmo-
spheric fistula in the OA.>~ Early DFC of the abdomen (<7 days
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after initial laparotomy) is also a factor that has been shown to
significantly improve survival in patients being managed with
an OA.°

Assessing a patient's risk of mortality and likelihood of
developing these complications would therefore aid in their
safe and timely management and provide the ability to plan
subsequent interventions until DFC can be achieved.

The objective of this study was to systematically review
the literature on the management of patients with an OA to
identify prognostic factors related to DFC, mortality, and
intra-abdominal complications.

METHODS

This systematic review was performed and reported ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guideline.” The protocol for this systematic
review was registered on PROSPERO (CRD42015019343) and
is available in full on their website.®

Eligibility Criteria

All studies that included hospitalized patients, aged 18 years
or older, who underwent laparotomy, regardless of indication or
sex, and were unable to have primary fascial closure completed
at the end of their initial operation necessitating temporary ab-
dominal closure were eligible for inclusion. Prognostic factors
included those for DFC, perioperative (death within 30 days of
initial laparostomy) and in-hospital mortality (death within the
patient’s index admission), and/or intra-abdominal complications
(enteroatmospheric fistula, abscess, ventral hernia, and anasto-
motic leak). All peer-reviewed publications and unpublished
studies (randomized-controlled trials, retrospective, prospective,
observational cohort and case series with five or more patients)
were considered.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Search Terms Used in Systematic Review

MeSH
Free text words

Not used

risk AND factors AND open AND abdomen
risk AND factors AND laparostomy
regression AND open AND abdomen
predictors AND open AND abdomen

Field All fields

Limits None

MeSH, medical subject headings.

Literature Search

A systematic literature search was performed of the
following electronic databases: Medline (PubMed), EMBASE
(Ovid), Cochrane Central Register of Controlled Trials, Cumulative
Index to Nursing and Allied Health Literature, and Clinicaltrials.
gov. No restrictions were placed in regard to language or publica-
tion date, with dates of coverage including from January 1, 1950,
up until a final search was performed on January 9, 2016. Refer-
ence lists of all included studies and relevant review articles were
searched manually for additional relevant articles. Unpublished
data from relevant trials were also requested from the correspond-
ing authors as necessary by letters or electronic mail. The search
strategy was constructed in consultation with a senior staff librarian.
Two of the authors (A.C. and S.J.) independently searched the
above databases using key words related to prognostic factors in
the management of the OA (Table 1). Titles, followed by abstracts
and then full-text articles were retrieved and read by both authors
and were further assessed for relevance before inclusion into the
systematic review. Handsearching of electronic links to related
articles and references of included studies was also performed.
Disagreement on relevance was addressed firstly by discussion
and consensus among the two authors involved in the data
extraction (A.C. and S.].). Failing this, disagreements were
then resolved by a consensus meeting with a third author (K.H.).

Study Selection

Screening, eligibility and inclusion of studies in the sys-
tematic review was performed by two authors independently
(A.C. and S.J.).” All published and unpublished studies that
included prognostic factors identified in the management of
the OA (regardless of etiology). Specific study inclusion and
exclusion criteria are detailed in Table 2.

Data Extraction

Data were collected independently by two authors (A.C.
and S.J.) using an electronic database.” Investigators of included
studies were contacted to confirm data that were unclear, also to
obtain further data that were not available from the original article.
The collected data included study characteristics (first author,
publication year, design, regression method), patient charac-
teristics (number of patients, age, indication for OA), overall
percentage of patients in regard DFC,intra-abdominal com-
plications (enteroatmospheric fistula, ventral hernia, ab-
scess, anastomotic leak), and/or mortality (perioperative, in-
hospital), as well as characteristics of relevant prognostic factors
(prognostic factor, odds or hazard ratio with 95% confidence inter-
vals, p value). Results from univariate and multivariate models were

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

reported separately. When series of multivariate models were
present in studies, the results of the most adjusted model
were chosen.

Methodological Quality

A risk of bias assessment was performed individually for
the list of included studies using the nine-item Newcastle-
Ottawa quality assessment scale for case-control and cohort
studies.” Methodological components assessed included: the
selection of the study groups; the comparability of the groups;
and the ascertainment of either the exposure or outcome of inter-
est for case-control or cohort studies, respectively. The median
and interquartile range were then calculated to provide an overall
assessment of methodological quality across the included studies.
Authors again resolved disagreements by discussion and
consensus, with involvement of a third author, if required (K.H.).

RESULTS

Study Selection

The initial database search identified 978 studies (Fig. 1).
This included 493 studies from Medline, 269 studies from
EMBASE, 27 studies from Cochrane Central Register of Con-
trolled Trials, 43 studies from Cumulative Index to Nursing and
Allied Health Literature, and 146 studies from the clinicaltrials.
gov website. A further 146 studies were identified from the refer-
ence lists of included studies. Two hundred forty-seven of these
were identified as duplicate studies and subsequently excluded.
Systematic exclusions were then made, leaving a total of 31 stud-
ies in the final review.'®*° Sixteen studies were excluded in the
final stages (full-text) of the systematic review.*'>® This was
due to the studies reporting on prognostic factors in regard to
outcomes that were not considered in this review (e.g., adult
respiratory distress syndrome; eight studies),*' ™® studies that
identified significant prognostic factors using statistical methods
other than regression (e.g., x?; seven studies)** > or prognostic
factors that were in regard to the outcomes of interest, but the
results were not significant (one study).>®

TABLE 2. Study Inclusion and Exclusion Criteria

Inclusion criteria « Studies presenting own original data from at

least five patients over the age of 18 y
« Studies including prognostic factors in regard
to at least one of the outcomes:
O DFC
O Mortality, or
O Intra-abdominal complications
(enteroatmospheric fistula ventral
hernia, abscess, and anastomotic leak)
« Studies that reported on the same population,
but published different prognostic factors
« Studies that used regression methods for
statistical analyses and reported odds ratios
or hazards ratios
Exclusion criteria « Studies that were reviews (systematic or
critical), letters to the editor, editorials or
non-peer reviewed articles

409
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Records identified through Additional records identified
database searching through other sources

(n=978) (n = 146)

l |

Records after duplicates removed

(n=731)

Records screened

(n=731)

l

Full-text articles

Records excluded, irrelevant
(n=684)

Full-text articles excluded, with

assessed for eligibility > reasons

(n=47) (n=16)
l Outcomes irrelevant n=38
Studies included in .
Regression not used n=7

qualitative synthesis

(n=31)

l

Studies included in

quantitative synthesis
(meta-analysis)

(n=0)

Figure 1. PRISMA 2009 flow diagram showing study selection
process. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.”

Study Characteristic and Results of Individual Studies

The 31 included studies were published from 1996 to
2015 and involved a total of 6,989 patients, with mean age of
47 + 15 years. Prognostic factors for DFC were most frequently
reported (15 studies),'%!3:1418:24-2628.31.35440 41 wed bg those
for in-hospital mortality (12 studies),'®'%!820-222730-33 apaq.
tomotic leak (three studies),'”*°>* perioperative mortality,'**
enteroatmospheric fistula,ls’38 ventral hemia,16’2° and abscess'>?’
(two studies each). Twenty-two studies had a retrospective case-
control design, +131416-1821-232527-3436.37.3940 oioh st dies had
a prospective cohort design, and one study had
components of both study designs.'? None of the included studies
were randomized-controlled trials. Characteristics and outcomes of
individual studies are shown in Tables 3, 4, and 5.

There were various indications for patients being
managed with an OA. Trauma was the most frequent (22
studies), 1013151922 242628293132343537-39.follwed by peritonitis
(intra—abdorninal sepsis; 14 studjes),‘o""‘4"6’19’21’22'25'27'30’3"33’38’40
abdominal compartment syndrome (intra-abdominal hypertension;
seven studies), 142027313239 yascular emergencies (five stud-
ies),! 11232736 jschemic bowel (two studies),'®>! and pancreatitis
(one study).*

10,15,19,20,24,26,35,38

Risk of Bias Within and Across Studies
After risk of bias assessment of the 31 included studies
using the Newcastle-Ottawa scale quality assessment score, 18

410

studies scored 3 points,'!13718:20725.27729.32.33.35.39 1, 00
studies scored 4 points,>>*** and 10 studies scored 5
points,'0-127 141926303638 o4t o 3 possible score of 9. The me-
dian score was 3 (interquartile range: 3—5), which demonstrates
that the overall methodological quality of the included studies
was of a moderate level.

For case-control studies, selection of controls, compara-
bility of cases and controls on the basis of the design or analysis,
ascertainment of exposure and same method of ascertainment
for cases and controls were reported particularly well. For cohort
studies, ascertainment of exposure, demonstration that outcome
of interest was not present at start of study and assessment of
outcome were reported particularly well. Selection of the nonex-
posed cohort or controls and adequacy of follow-up were re-
ported particularly poorly among both study designs.

In regard to publications bias, all included studies were
from published data because no relevant unpublished data were
found in the literature search.

Synthesis of Results

DFC rates were reported in 15 of the included studies. Of
the prognostic factors identified, enteral nutrition (two studies),
organ dysfunction (three studies), local and systemic infection
(five studies), number of reexplorations (three studies), Injury
Severity Score (ISS) (three studies) and the development of a fis-
tula (three studies) appeared most often in regard to delaying
DFC.'0:13:18.24313549 4 4s ratios for enteral nutrition ranged
between 0.18 and 0.48, 2.3 and 5.1 for organ dysfunction, 2.1
and 17 for local and systemic infection, 1.3 and 5.6 for number
of reexplorations, 0.94 and 2.5 for ISS (when ISS > 15), and 6.4
and 8.6 for fistula. Further prognostic factors in regard to delaying
DFC are detailed in Table 3.

Perioperative mortality was reported in two studies. The
prognostic factors identified appeared to protect against periop-
erative mortality, as opposed to influencing it. Regardless, the
use of 248 hours of ABThera of Negative Pressure Wound
Therapy (as opposed to Baker's Vacuum Packing Technique;
odds ratio [OR], 0.31; 95% confidence interval [CI], 0.12-0.83)
and the use of a protocol for damage control resuscitation (OR,
0.40; 95% CI, 0.18-0.91) were identified in regard to perioperative
mortality.'*

In-hospital mortality was reported in 12 studies. Of the
prognostic factors identified, age (six studies) and Adult Physiol-
ogy And Chronic Health Evaluation version Il (APACHE II) score
(four studies) appeared most often in regard to in-hospital mortal-
ity 10-1220.2227.30.32.33 (dds ratios for age ranged between 0.18
and 1.2, whereas for APACHE 1I score, they ranged from 1.1 to
3.0 (APACHE I score, 225). Further prognostic factors in regard
to mortality are detailed in Table 4.

Enteroatmospheric fistula was reported in two studies.
Failed DFC (OR, 7.5; 95% CI, 1.2-46), large bowel resection
(performed while a patient was being managed with an OA;
OR, 3.56; 95% CI, 1.88-6.76) and total fluid intake at 48 hours
of 5to 10 L (OR, 2.11; 95% CI, 1.15-3.88) were identified as
the prognostic factors in regard to the development of an
enteroatmospheric fistula.'>*

Ventral hernia was reported in two studies. The source of
infection (small bowel in relation to colon; OR, 1.7; 95% CI,

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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not available) was the only prognostic factor identified in regard
to the development of a ventral hernia.'®

Intra-abdominal abscess was reported in two studies.
Large bowel resection (performed while a patient was being
managed with an OA; OR, 3.56; 95% CI, 1.88—6.76) and total
fluid intake at 48 hours of 5 to 10 L (OR, 2.11; 95% CI,
1.15-3.88) and >10 L (OR, 1.93; 95% CI, 1.04-3.57) were iden-
tified as the prognostic factors in regard to the development of an
intra-abdominal abscess.'>

Anastomotic leak was reported in three studies. Having an
anastomosis (OR, 6.4; 95% CI, not available) and fascial closure
on day 5 or after (OR, 4.1; 95% CI, 1.0-5.0) were the only two
prognostic factors identified in regard to the development of an
anastomotic leak.'”>* Further prognostic factors in regard to
intra-abdominal complications are detailed in Table 5.

DISCUSSION

Summary of Evidence

This systematic review provides an extensive overview of
prognostic factors in OA patients in regard to DFC, mortality,
and intra-abdominal complications.

Prognostic factors for DFC were most frequently reported.
Enteral nutrition, organ dysfunction, local and systemic infec-
tion, number of reexplorations, worsening ISS, and the develop-
ment of a fistula appeared to significantly delay DFC. This
shows that intra-abdominal complications, especially infective,
that develop while a patient is being managed with an OA can
significantly affect the ability to achieve early DFC.>

Age and APACHE 1I score were significantly prognostic
in regard to in-hospital mortality. This reflects the severe nature of
the OA and the need for early involvement of a multidisciplinary
team. Careful selection of patients to be managed with an OA
therefore needs to be done to avoid prolonged OA treatment.>”

Large bowel resection, large administration of intravenous
fluids (>5-10 L) in the early postoperative period (<48 hours)
and an increased number of re-operations appears to influence
the development of enteroatmospheric fistula and abscess. The
source of infection (small bowel as opposed to colon) appeared
to influence the development of ventral hernias. Although de-
layed DFC (>5 days) and the presence of a bowel anastomosis
appeared to influence the development of an anastomotic leak.
This again shows how ongoing infections can affect patient
outcomes. Contaminated OA patients often have increased
transfusion requirements, use a greater amount of health re-
sources, and hence have an increased number of infectious
complications.'327+48

Prognostic factors identified in this systematic review will
aid in avoiding prolonged treatment and facilitate better outcomes
in OA patients. Unfortunately, there are currently no prognostic
models, calculators, probability nomograms, or scoring systems
in regard to these outcomes for use in current clinical practice.

Strengths and Limitations

This is the first systematic review of prognostic factors in
the management of the OA. The results of this article provide the
basis for future research in the field of OA management. Subse-
quent development of a prognostic model that could be used to
not only predict the likelihood of complications and mortality
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but also highlight certain aspects of treatment which could be
modified such to improve patient outcomes.

There are, however, a few limitations associated with this
systematic review, chiefly regarding methodological quality and
study design of the included studies. The overall methodological
quality of the included studies was of a moderate level. There
were no randomized-controlled trials within the included stud-
ies. This means that the level of evidence behind conclusions
drawn from this systematic review is not high. The study design
of the included studies consisted of 22 studies being retrospec-
tive case-control and seven studies being prospective cohort,
with one study having components of both study designs. With
the majority of the included studies being of a retrospective na-
ture from published literature, confounding and/or publication
bias and heterogeneity have almost certainly influenced these re-
sults. All future studies should provide conclusive data about
prognostic factors in regard to predicting patient outcome in
the management of their OA.

Another potential limitation was the low incidence of
prognostic factors being reported in regard to outcomes in the in-
cluded studies, as well as the multitude of confounding factors
that could potentially influence patient outcome while being
managed with an OA. In relation to the reporting of prognostic
factors, less than 50% of studies included prognostic factors
for DFC (47%), in-hospital mortality (40%), anastomotic leak
(10%), perioperative mortality, enteroatmospheric fistula, ven-
tral hernia and abscesses (7%). If there were a greater number
of studies reporting prognostic factors in regard to these outcomes
their results would provide vital information in the hope of im-
proving the outcomes of patients being managed with an OA.

Finally, there are a multitude of factors affecting the over-
all outcome of OA patients, from the reliability of intensive care
unit support, quality of surgical intervention, severity of underly-
ing disease, and patient characteristics. This article focuses pri-
marily on prognostic factors associated with DFC, mortality,
and intra-abdominal complications.

CONCLUSIONS

The OA has attracted a great deal of interest over the last
two decades. Persistent intra-abdominal infection, delays in
obtaining DFC and poor preoperative state (acute renal failure
or unconsciousness) appear to have the greatest effect on mor-
bidity and mortality in OA patients. Prognostic factors identified
in this systematic review allow for an enormous amount of po-
tential for early intervention in the hope of reducing patient mor-
tality and complications. Careful selection and management of
OA patients will also aid in avoiding prolonged treatment and fa-
cilitate better patient outcomes. Future research should focus on
the development of a prognostic model in regard to outcomes for
DFC, perioperative and in-hospital mortality and the develop-
ment of intra-abdominal complications.
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