
SYSTEMATIC REVIEW
Treatments and other prognostic factors in the management
of the open abdomen: A systematic review
Adam T. Cristaudo, MS, Scott B. Jennings, MPhil, Kerry Hitos, PhD,
Ronny Gunnarsson, MD, PhD, and Alan DeCosta, FRACS, Queensland, Australia
AAST Continuing Medical Education Article

Accreditation Statement
This activity has been planned and implemented in accordance with the Es-

sential Areas and Policies of the Accreditation Council for Continuing Medical

Education through the joint providership of the American College of Surgeons

and the American Association for the Surgery of Trauma. The American

College Surgeons is accredited by the ACCME to provide continuing medical

education for physicians.

AMA PRA Category 1 Credits™
The American College of Surgeons designates this journal-based CME activity for

a maximum of 1 AMA PRACategory 1 Credit™. Physicians should claim only the credit

commensurate with the extent of their participation in the activity.

Of the AMA PRACategory 1 Credit™ listed above, a maximum of 1 credit meets

the requirements for self-assessment.

Credits can only be claimed online

Objectives
After reading the featured articles published in the Journal of Trauma and Acute

Care Surgery, participants should be able to demonstrate increased understanding

of the material specific to the article. Objectives for each article are featured at

the beginning of each article and online. Test questions are at the end of the article,

with a critique and specific location in the article referencing the question topic.

Claiming Credit
To claim credit, please visit the AAST website at http://www.aast.org/ and click on

the “e-Learning/MOC” tab. You must read the article, successfully complete the

post-test and evaluation. Your CME certificate will be available immediately upon

receiving a passing score of 75% or higher on the post-test. Post-tests receiving a score

of below 75% will require a retake of the test to receive credit.

System Requirements
The system requirements are as follows: Adobe® Reader 7.0 or above installed; Internet Explorer® 7 and above; Firefox® 3.0 and above, Chrome® 8.0 and above, or

Safari™ 4.0 and above.

Questions
If you have any questions, please contact AAST at 800-789-4006. Paper test and evaluations will not be accepted.

Disclosure Information
In accordance with the ACCME Accreditation Criteria, the American College of

Surgeons, as the accredited provider of this journal activity, must ensure that anyone

in a position to control the content of J Trauma Acute Care Surg articles selected for

CME credit has disclosed all relevant financial relationships with any commercial

interest. Disclosure forms are completed by the editorial staff, associate editors,

reviewers, and all authors. The ACCME defines a `commercial interest' as “any

entity producing, marketing, re-selling, or distributing health care goods or services

consumed by, or used on, patients.” “Relevant” financial relationships are those (in

any amount) that may create a conflict of interest and occur within the 12’months

preceding and during the time that the individual is engaged in writing the article. All

reported conflicts are thoroughly managed in order to ensure any potential bias

within the content is eliminated. However, if you’perceive a bias within the article,

please report the circumstances on the evaluation form.

Please note we have advised the authors that it is their responsibility to disclose within

the article if they are describing the use of a device, product, or drug that is not FDA

approved or the off-label use of an approved device, product, or drug or unapproved usage.

Disclosures of Significant Relationships with
Relevant Commercial Companies/Organizations
by the Editorial Staff
Ernest E. Moore, Editor: PI, research support and shared U.S. patents Haemonetics;

PI, research support, TEM Systems, Inc. Ronald V. Maier, Associate editor: con-

sultant, consulting fee, LFB Biotechnologies. Associate editors: David Hoyt and

Steven Shackford have nothing to disclose. Editorial staff: Jennifer Crebs, Jo Fields,

and Angela Sauaia have nothing to disclose.“

Author Disclosures
The authors have nothing to disclose.

Reviewer Disclosures
The reviewers have nothing to disclose.

Cost
For AAST members and Journal of Trauma and Acute Care Surgery subscribers
there is no charge to participate in this activity. For those who are not a member
or subscriber, the cost for each credit is $25.

J Trauma Acute Care Surg
Volume 82, Number 2 407

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



Sub

Fro

Lis
The

The

The

Ad

DO

Cristaudo et al.
J Trauma Acute Care Surg

Volume 82, Number 2

40
BACKGROUND: T
mitted: May 9, 2016, Revised: S
Published online: November 30
m the Department of Surgery
Evaluation of Surgical Outco
Westmead, NSW, Australia; De
Flinders Medical Centre, Ade
Dentristry, James Cook Univer
Cairns, QLD, Australia; and De
and Dentristry, James Cook U
Cairns, QLD, Australia.
t of meetings at which the articl
2015 Joint Meetings of the S
Research Society of Australasi
(ASE) Forum in Sydney, Austr
2016 Royal Australasian Colleg
in Brisbane, Australia (Verbal P
2016 Westmead Association H
Sydney, Australia (Poster Prese
dress for reprints: Adam T. Crista
of Surgical Outcomes, Departm
Hospital, Westmead, NSW, 214
QLD, 4022; email: adamcristau

I: 10.1097/TA.00000000000013

8

he open abdomen (OA) is an important approach for managing intra-abdominal catastrophes and continues to be the standard of care.
Despite this, challenges remainwith it associatedwith 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 andMeta-Analyses guidelines
to identify prognostic factors in OA patients in regard to definitive fascial closure (DFC), mortality and intra-abdominal complications.
METHODS: A
n 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
interest and assessed for methodological quality.
RESULTS: T
hirty-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
anastomosis were predictors for anastomotic leak. Overall methodological quality was of a moderate level.
LIMITATIONS: O
verall methodological quality, high number of retrospective studies, low reporting of prognostic factors and the multitude of fac-
tors potentially affecting patient outcome that were not analyzed.
CONCLUSION: C
areful 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
Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: S
ystematic review, level III.

KEYWORDS: R
isk factors; open abdomen; laparostomy; regression; predictors.
T he open abdomen (OA) is an important approach for man-
aging intra-abdominal catastrophes and continues to be the

standard of care.1 Despite this, challenges remain and the
technique is still associated with a high incidence of compli-
cations and poor outcomes.2

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.3–5 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.6

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.7 The protocol for this systematic
review was registered on PROSPERO (CRD42015019343) and
is available in full on their website.8

Eligibility Criteria
All studies that included hospitalized patients, aged 18years

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 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:

○ DFC

○ Mortality, or

○ 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

TABLE 1. Search Terms Used in Systematic Review

MeSH Not used

Free text words 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.

J Trauma Acute Care Surg
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Literature Search
A systematic literature search was performed of the

following electronic databases: Medline (PubMed), EMBASE
(Ovid), CochraneCentral Register of ControlledTrials, 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
strategywas constructed in consultationwith 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.J.). 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.).7 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.7 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 fromunivariate andmultivariatemodelswere
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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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.9 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 rangewere 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.10–40 Sixteen studies were excluded in the
final stages (full-text) of the systematic review.41–56 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),41–48 studies that
identified significant prognostic factors using statistical methods
other than regression (e.g., χ2; seven studies)49–55 or prognostic
factors that were in regard to the outcomes of interest, but the
results were not significant (one study).56
409

ealth, Inc. All rights reserved.



Figure 1. PRISMA 2009 flow diagram showing study selection
process. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.7
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StudyCharacteristic andResults 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),10,13,14,18,24–26,28,31,35–40 followed by those
for in-hospital mortality (12 studies),10–12,18,20–22,27,30–33 anas-
tomotic leak (three studies),17,29,34 perioperative mortality,19,23

enteroatmospheric fistula,15,38 ventral hernia,16,29 and abscess15,29

(two studies each). Twenty-two studies had a retrospective case-
control design,11,13,14,16–18,21–23,25,27–34,36,37,39,40 eight studies had
a prospective cohort design,10,15,19,20,24,26,35,38 and one study had
components of both study designs.12 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),10–13,15–19,22–24,26,28,29,31,32,34,35,37–39 followed by peritonitis
(intra-abdominal sepsis; 14 studies),10,11,14,16,19,21,22,25,27,30,31,33,38,40

abdominal compartment syndrome (intra-abdominal hypertension;
seven studies),11,14,20,27,31,32,39 vascular emergencies (five stud-
ies),10,11,25,27,36 ischemic bowel (two studies),16,31 and pancreatitis
(one study).36

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

Copyright © 2017 Wolters Kluwer H
studies scored 3 points,11,15–18,20–25,27–29,32,33,35,39 three
studies scored 4 points,30,34,40 and 10 studies scored 5
points,10,12–14,19,26,31,36–38 out of a 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
outcomewere 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.10,13,18,24,31,35–40 Odds 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 ≥48 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.19,23

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 II (APACHE II) score
(four studies) appeared most often in regard to in-hospital mortal-
ity.10,12,20,22,27,30,32,33 Odds ratios for age ranged between 0.18
and 1.2, whereas for APACHE II score, they ranged from 1.1 to
3.0 (APACHE II score, ≥25). 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 5 to 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.15,38

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.16

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.15

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.17,34 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 DFCwere 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.55

Age and APACHE II 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.55

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.15,27,48

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
416
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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.

AUTHORSHIP

Study concept and design was carried out in consultation by A.C. with his
supervisors K.H., R.G., and A.D.C.A.C. was involved in all aspects of the
project. S.J. was involved in independently reviewing articles, as well as
performing data extraction and methodological assessment of the
included studies. All authors gave their approval for the article before
submission.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.



J Trauma Acute Care Surg
Volume 82, Number 2 Cristaudo et al.
ACKNOWLEDGMENTS

I would like to acknowledge the support of the academic staff of the Uni-
versity of Sydney and the Sydney Medical School’s Discipline of Surgery.
I would also like to especially acknowledge the strong support I have received
from my family and friends in regard to this research, especially to my
wife, for her perpetual love and support.

DISCLOSURE

The first author is the recipient of an Australian Postgraduate Award in
2015 from the University of Sydney.
The authors declare no conflicts of interest.

REFERENCES
1. Kreis BE, de Mol van Otterlooet JCA, Kreis RW. Open abdomen manage-

ment: a review of its history and a proposed management algorithm. Med
Sci Monit. 2013;19:524–533.

2. Regner JL, Kobayashi L, Coimbra R. Surgical strategies for management of
the open abdomen. World J Surg. 2012;36:497–510.

3. Björck M, D'Amours SK, Hamilton AE. Closure of the open abdomen. Am
Surg. 2011;77(7):S58–S61.

4. Demetriades D, Salim A. Management of the open abdomen. Surg Clin
North Am. 2014;94:131–153.

5. Richter S, Dold S, Doberauer JP, Mai P, Schuld J. Negative pressure wound
therapy for the treatment of the open abdomen and incidence of enteral fis-
tulas: a retrospective bicentre analysis. Gastroenterol Res Pract. 2013;
2013:730829. vol. 2013, Article ID 730829, 6 pages, 2013.

6. Chen Y, Ye J, Song W, Chen J, Yuan Y, Ren J. Comparison of outcomes be-
tween early fascial closure and delayed abdominal closure in patients with
open abdomen: a systematic review and meta-analysis. Gastroenterol Res
Pract. 2014;2014:784056. vol. 2014, Article ID 784056, 8 pages, 2014.

7. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.

8. Cristaudo A, Hitos K, Gunnarsson R. A systematic review of prognostic
factors in the management of the open abdomen. PROSPERO. 2015:
CRD42015019343. Available from http://www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID=CRD42015019343.

9. Wells G, Shea B, O'Connell D, Peterson J, Welch V, LososM, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2013. Available from: http://www.ohri.ca/
programs/clinical_epidemiology/oxford.as.

10. Acosta S, Bjarnason T, Petersson U, Pålsson B, Wanhainen A, Svensson M,
Djavani K, BjörckM.Multicentre prospective study of fascial closure rate af-
ter open abdomen with vacuum and MeSH-mediated fascial traction. Br J
Surg. 2011;98(5):735–743.

11. Arhinful E, Jenkins D, Schiller HJ, Cullinane DC, Smoot DL, Zielinski MD.
Outcomes of damage control laparotomy with open abdomen management
in the octogenarian population. J Trauma. 2011;70(3):616–621.

12. Asensio JA, Petrone P, Roldán G, Kuncir E, Ramicone E, Chan L. Has evo-
lution in awareness of guidelines for institution of damage control improved
outcome in the management of the posttraumatic open abdomen? Arch Surg.
2004;139(2):209–214; discussion 215.

13. Beale EW, Janis JE, Minei JP, Elliott AC, Phelan HA. Predictors of failed pri-
mary abdominal closure in the trauma patient with an open abdomen. South
Med J. 2013;106(5):327–331.

14. Bertelsen CA, Fabricius R, Kleif J, Kristensen B, Gogenur I. Outcome of
negative-pressure wound therapy for open abdomen treatment after
nontraumatic lower gastrointestinal surgery: analysis of factors affecting de-
layed fascial closure in 101 patients. World J Surg. 2014;38(4):774–781.

15. Bradley MJ, Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, Okoye O,
Inaba K, Bee TK, Fabian TC, Whelan JF, et al. Independent predictors of en-
teric fistula and abdominal sepsis after damage control laparotomy: results
from the prospective AAST Open Abdomen registry. JAMA Surg. 2013;
148(10):947–954.

16. Brandl A, Laimer E, Perathoner A, Zitt M, Pratschke J, Kafka-Ritsch R.
Incisional hernia rate after open abdomen treatment with negative pressure
and delayed primary fascia closure. Hernia. 2014;18(1):105–111.

17. Burlew CC, Moore EE, Cuschieri J, Jurkovich GJ, Codner P, Crowell K,
Nirula R, Haan J, Rowell SE, Kato CM, et al. Sew it up! AWestern Trauma
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H
Association multi-institutional study of enteric injury management in the
postinjury open abdomen. J Trauma. 2011;70(2):273–277.

18. Burlew CC,Moore EE, Cuschieri J, Jurkovich GJ, Codner P, Nirula R,Millar
D, Cohen MJ, Kutcher ME, Haan J, et al. Who should we feed? Western
Trauma Association multi-institutional study of enteral nutrition in the open
abdomen after injury. J Trauma Acute Care Surg. 2012;73(6):1380–1387;
discussion 1387–8.

19. CheathamML, Demetriades D, Fabian TC, KaplanMJ,MilesWS, 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):2018–2030.

20. Cheatham ML, Safcsak K. Is the evolving management of intra-abdominal
hypertension and abdominal compartment syndrome improving survival?
Crit Care Med. 2010;38(2):402–407.

21. Chiarugi M, Panicucci S, Galatioto C, Luciani M, Mancini R, Cucinotta M,
Bagnato C, Mazzillo M, Pouli E, Seccia M. Outcome of laparotomy for se-
vere secondary peritonitis. [Article in Italian]. Ann Ital Chir. 2011;82(5):
377–382.

22. Clark JM, Cheatham ML, Safcsak K, Alban RF. Effects of race and insur-
ance on outcomes of the open abdomen. Am Surg. 2013;79(9):928–932.

23. Cotton BA, Reddy N, Hatch QM, LeFebvre E,WadeCE, Kozar RA, Gill BS,
Albarado R, McNutt MK, Holcomb JB. Damage control resuscitation is as-
sociated with a reduction in resuscitation volumes and improvement in sur-
vival in 390 damage control laparotomy patients. Ann Surg. 2011;254(4):
598–605.

24. Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, Okoye O, InabaK, Bee TK,
Fabian TC, Whelan J, Ivatury RR. Open abdominal management after dam-
age-control laparotomy for trauma: a prospective observational American As-
sociation for the Surgery of Trauma multicenter study. J Trauma Acute Care
Surg. 2013;74(1):113–122; discussion 1120–2.

25. Frazee RC, Abernathy SW, Jupiter DC, Hendricks JC, Davis M, Regner JL,
Isbell T, Smith RW, Smythe WR. Are commercial negative pressure systems
worth the cost in open abdomenmanagement? JAmChem Soc. 2013;216(4):
730–733; discussion 733–5.

26. Glaser J, VasquezM, Cardarelli C, Dunne J, Elster E, Hathaway E, Bograd B,
Safford S, Rodriguez C. Ratio-driven resuscitation predicts early fascial
closure in the combat wounded. J Trauma Acute Care Surg. 2015;79:
S188–S192.

27. Grunau G, Heemken R, Hau T. Predictors of outcome in patients with post-
operative intra-abdominal infection. Eur J Surg. 1996;162(8):619–625.

28. Hatch QM, Osterhout LM, Ashraf A, Podbielski J, Kozar RA, Wade CE,
Holcomb JB, Cotton BA. Current use of damage-control laparotomy, closure
rates, and predictors of early fascial closure at the first take-back. J Trauma.
2011;70(6):1429–1436.

29. Hatch QM, Osterhout LM, Podbielski J, Kozar RA, Wade CE, Holcomb JB,
Cotton BA. Impact of closure at the first take back: complication burden
and potential overutilization of damage control laparotomy. J Trauma.
2011;71(6):1503–1511.

30. Holzheimer RG, Gathof B. Re-operation for complicated secondary
peritonitis—how to identify patients at risk for persistent sepsis. Eur J Med
Res. 2003;8(3):125–134.

31. Kafka-Ritsch R, Zitt M, Schorn N, Stroemmer S, Schneeberger S, Pratschke
J, Perathoner A. Open abdomen treatment with dynamic sutures and topical
negative pressure resulting in a high primary fascia closure rate. World J
Surg. 2012;36(8):1765–1771.

32. Montalvo JA, Acosta JA, Rodríguez P, Alejandro K, Sárraga A. Surgical
complications and causes of death in trauma patients that require temporary
abdominal closure. Am Surg. 2005;71(3):219–224.

33. Mulier S, Penninckx F, Verwaest C, Filez L, Aerts R, Fieuws S, Lauwers P.
Factors affecting mortality in generalized postoperative peritonitis: multivar-
iate analysis in 96 patients. World J Surg. 2003;27(4):379–384.

34. Ott MM, Norris PR, Diaz JJ, Collier BR, Jenkins JM, Gunter OL, Morris JA
Jr. Colon anastomosis after damage control laparotomy: recommendations
from 174 trauma colectomies. J Trauma. 2011;70(3):595–602.

35. Pommerening MJ, DuBose JJ, Zielinski MD, Phelan HA, Scalea TM, Inaba
K, Velmahos GC, Whelan JF, Wade CE, Holcomb JB, et al. Time to first
take-back operation predicts successful primary fascial closure in patients
undergoing damage control laparotomy. Surgery. 2014;156(2):431–438.
417

ealth, Inc. All rights reserved.

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015019343
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015019343
http://www.ohri.ca/programs/clinical_epidemiology/oxford.as
http://www.ohri.ca/programs/clinical_epidemiology/oxford.as


Cristaudo et al.
J Trauma Acute Care Surg

Volume 82, Number 2
36. Rasilainen SK, Mentula PJ, Leppäniemi AK. Vacuum and MeSH-mediated
fascial traction for primary closure of the open abdomen in critically ill sur-
gical patients. Br J Surg. 2012;99(12):1725–1732.

37. Riha GM, Kiraly LN, Diggs BS, Cho SD, Fabricant LJ, Flaherty SF, Kuehn
R, Underwood SJ, Schreiber MA. Management of the open abdomen during
the global war on terror. JAMA Surg. 2013;148(1):59–64.

38. Teixeira PGR, Salim A, Inaba K, Brown C, Browder T, Margulies D,
Demetriades D. A prospective look at the current state of open abdomens.
Am Surg. 2008;74(10):891–897.

39. Vogel TR, Diaz JJ, Miller RS, May AK, Guillamondegui OD, Guy JS,
Morris JA. The open abdomen in trauma: do infectious complications affect
primary abdominal closure? Surg Infect (Larchmt). 2006;7(5):433–441.

40. Yuan Y, Ren J, Yuan K, Gu G,Wang G, Li J. The modified sandwich-vacuum
package for fascial closure of the open abdomen in septic patientswith gastro-
intestinal fistula. J Trauma Acute Care Surg. 2013;75(2):266–272.

41. Zielinski MD, Jenkins D, Cotton BA, Inaba K, Vercruysse G, Coimbra R,
Brown CV, Alley DE, DuBose J, Scalea TM. Adult respiratory distress syn-
drome risk factors for injured patients undergoing damage-control laparot-
omy: AAST multicenter post hoc analysis. J Trauma Acute Care Surg.
2014;77:886–891.

42. Lee J, Choi YY, An JY, Seo SH, Kim DW, Seo YB, Nakagawa M, Li S,
Cheong JH, Hyung WJ, et al. Do all patients require prophylactic drainage
after gastrectomy for gastric cancer? The experience of a high-volume center.
Ann Surg Oncol. 2015;22:3929–3937.

43. Martinez J, Luque-de-Leon E, Andrade P. Factors related to anastomotic de-
hiscence and mortality after terminal stomal closure in the management of
patients with severe secondary peritonitis. J Gastrointest Surg. 2008;12:
2110–2118.

44. Bograd B, Rodriguez C, Amdur R, Gage F, Elster E, Dunne J. Use of damage
control and the open abdomen in combat. Am Surg. 2013;79(8):747–753.

45. Guňková P, Guňka I, Martínek L, Richter V, Vávra P, Ihnát P. Impact of anas-
tomotic leakage on oncological outcomes after rectal cancer resection. Rozhl
Chir. 2013;92:244–249.

46. Mahmoud N, Turpin R, Yang G, Saunders W. Impact of surgical site infec-
tions on length of stay and costs in selected colorectal procedures. Surg Infect
(Larchmt). 2009;10(6):539–544.
418

Copyright © 2017 Wolters Kluwer H
47. Kappa S, Gorden DL, DavidsonMA,Wright JK, Guillamondegui OD. Intra-
operative blood loss predicts hemorrhage-related reoperation after orthotopic
liver transplantation. Am Surg. 2010;76(9):969–973.

48. Nicholas JM, Rix EP, Easley KA, Feliciano DV, Cava RA, Ingram WL,
Parry NG, Rozycki GS, Salomone JP, Tremblay LN. Changing patterns
in the management of penetrating abdominal trauma: the more things
change, the more they stay the same. J Trauma. 2003;55(6):1095–1108;
discussion 1108–10.

49. Kimball E, Adams DM, Kinikini DV,MoneMC, Alder SC. Delayed abdom-
inal closure in the management of ruptured abdominal aortic aneurysm.
Vascular. 2009;17(6):309–315.

50. Goussous N, Kim BD, Jenkins DH, Zielinski MD. Factors affecting primary
fascial closure of the open abdomen in the nontrauma patient. Surgery. 2012;
152:777–784.

51. Kurmann A, Barnetta C, Candinas D, Beldi G. Implantation of prophylactic
nonabsorbable intraperitoneal MeSH in patients with peritonitis is safe and
feasible. World J Surg. 2013;37:1656–1660.

52. Gönüllü D, Köksoy F, Demiray O, Ozkan S, Yücel T, Yücel O. Laparostomy
in patients with severe secondary peritonitis.Ulus Travma Acil Cerrahi Derg.
2009;15(1):52–57.

53. Rausei S, Dionigi G, Boni L, Rovera F,Minoja G, Cuffari S, Dionigi R. Open
abdomen management of intra-abdominal infections: analysis of a twenty-
year experience. Surg Infect (Larchmt). 2014;15(3):200–206.

54. Kiss L, Sarbu G, Bereanu A, Kiss R. Surgical strategies in severe acute
pancreatitis (SAP): indications, complications and surgical approaches.
Chirurgia (Bucur). 2014;109:774–782.

55. García Iñiguez JA, Orozco CF, Muciño Hernández MI, Ortega AL, Trabaldo
SS, Cortés Flores AO, Hermosillo Sandoval JM, Ojeda AG. Complications
of the management of secondary peritonitis with contained-open abdomen.
Comparison of the Bogota's bag vs polypropylene MeSH. Rev Gastroenterol
Mex. 2004;69(3):147–155.

56. Dissanaike S, Pham T, Shalhub S, Warner K, Hennessy L, Moore EE, Maier
RV, O'Keefe GE, Cuschieri J. Effect of immediate enteral feeding on trauma
patients with an open abdomen: protection from nosocomial infections. J Am
Coll Surg. 2008;207(5):690–697.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.


