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ABSTRACT

Background: In 2009, a classification system for the open abdomen was introduced. The
aim of such a classification is to aid the (1) description of the patient’s clinical course; (2)
standardization of clinical guidelines for guiding open abdomen management; and (3)
facilitation of comparisons between studies and heterogeneous patient populations, thus
serving as an aid in clinical research.

Methods: As partof therevision of the definitions and clinical guidelines performed by the
World Society of the Abdominal Compartment Syndrome, this 2009 classification system
was amended following a review of experiences in teaching and research and published
as part of updated consensus statements and clinical practice guidelines in 2013. Among 29
articles citing the 2009 classification system, nine were cohort studies. They were reviewed
as part of the classification revision process. A total of 542 patients (mean: 60, range: 9-160)
had been classified. Two problems with the previous classification system were identified:
the definition of enteroatmospheric fistulae, and that an enteroatmospheric fistula was
graded less severe than a frozen abdomen.

Results: The followingamended classification was proposed: Grade1, withoutadherence
between bowel and abdominal wall or fixity of the abdominal wall (lateralization),
subdivided as follows: 1A, clean; 1B, contaminated; and 1C, with enteric leak. An enteric
leak controlled by closure, exteriorization into a stoma, or a permanent enterocutaneous
fistula is considered clean. Grade 2, developing fixation, subdivided as follows: 2A,
clean; 2B, contaminated; and 2C, with enteric leak. Grade 3, frozen abdomen, subdivided
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as follows: 3A clean and 3B contaminated. Grade 4, an established enteroatmospheric
fistula, is defined as a permanent enteric leak into the open abdomen, associated with

granulation tissue.

Conclusions: The authors believe that, with these changes, the requirements on a
functional and dynamic classification system, useful in both research and training, will be
fulfilled. We encourage future investigators to apply the system and report on its merits

and constraints.

Key words: Classification; guidelines; open abdomen; abdominal compartment syndrome; intra-abdominal

hypertension; enteroatmospheric fistula

INTRODUCTION

The evidence available on how to define and treat the
abdominal compartment syndrome (ACS) and intra-
abdominal hypertension (IAH) has increased over time.
An important step in understanding this evidence was
the publication of Consensus Documents regarding
definitions (1) and guidelines (2) for ACS/IAH in 2006
2007. Consensus was achieved on how to define these
conditions, which patient groups were at high risk of
developing, and which non-surgical and surgical meth-
ods to use to prevent and treat these conditions. Implicit
in the consensus process was a commitment to regu-
larly review and update the guidelines. It was thus
noted that there remained a need to reach consensus
also on how to classify the open abdomen (OA).

The need of a classification system was based on
the fact that there are many ways to manage the OA,
and that patient cohorts are quite different depending
on the epidemiology of the population that an indi-
vidual center serves. Comparing results between cent-
ers is impossible without standardized nomenclature.
To address this, a comprehensive classification system
was developed in 2009, published by Bjorck et al. (3).
The system was inspired by a previous publication by
Swan and Banwell (4), and was developed during two
consensus conferences.

There were two aims of that classification system.
First is to create uniform reporting standards, facilitat-
ing comparisons of groups of patients, studies, as well
as meta-analyses. Second is to serve as an educational
aid, assisting in defining the aims of different treat-
ment modalities, and in defining strategies. It was
concluded that such a classification system needed to
be dynamic, allowing the patient to move between dif-
ferent categories, during an often prolonged treat-
ment. The suggested classification system in the 2009
publication is given in Table 1, left half.

APPLYING THE CLASSIFICATION
SYSTEM

Although the classification system was published
recently, it has already been used in several publica-
tions reporting experiences of different types of
cohorts of patients treated with OA. Among those, 12
were review articles discussing problems related to
IAH/ACS and OA treatment (5-16).

Nine cohort studies with a total of 542 patients
(mean: 60, range: 9-160) classified their patients

according to the 2009 Bjorck classification system
(17-25), and they were reviewed as part of the clas-
sification revision process. The remaining eight arti-
cles were animal research, correspondence, and one
case report.

A classification system should be able to ade-
quately and reproducibly characterize the complexity
of the OA, in which there are two major aspects to
cover. First, the mechanical properties of the abdo-
men: Adhesions between the abdominal wall and
contents and the fixity of the abdominal wall, both
precluding movement toward the mid-line. Second is
the degree of contamination, as well as the possibility
to control it. Ideally, the classification system should
characterize the complexity of the whole situation,
taking both these aspects into consideration, and a
higher grade should be associated with a more
adverse outcome. It is also important that every
patient can be classified at all times.

The classification system can also be used as a
guideline for the management of the OA. Prevention
of deterioration of the grade is important and should
be avoided. In addition, the system can be used to
emphasize the need for early closure in order to pre-
vent a more complex grade with higher risk of com-
plications.

Thus, the classification must be practical to use both
in teaching and in science. Those are rather tough
requirements, and no one is surprised that we are
experiencing some difficulties trying to define the
most optimal classification system. Like most of sci-
ence, the current revision should be regarded as a
refinement since there is no fundamental change.

Seternes et al. (17) and Padolini et al. (18) were the
first investigators to apply the classification system on
two small cohorts each with nine patients requiring
OA treatment. Acosta et al. (19) published the first
experience trying to apply a classification system in a
large prospective cohort of OA patients treated using a
previously described system of vacuum and mesh-
mediated traction. This method combines negative
topical pressure and plastic layer to prevent adhesions
to form between the bowel wall and the intestines
(V.A.C. Abdominal Dressing System; KCI, San Antonio,
Texas, USA) with mesh-mediated fascial traction to
prevent lateralization of the bowel wall (26). Among
111 patients included in the study, 67 (60.4%) were clas-
sified using the original Bjorck system (3) as Grade 1A,
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TABLE 1
Open abdomen classification system.

2009 classification system

Amended classification system

IA Clean OA without adherence between bowel and abdominal
wall or fixity (lateralization of the abdominal wall)

IB Contaminated OA without adherence/fixity

2A Clean OA developing adherence/fixity

2B Contaminated OA developing adherence/fixity

3 OA complicated by fistula formation

4 Frozen OA with adherent/fixed bowel, unable to close

surgically, with or without fistula

1A Clean, no fixation

1B Contaminated, no fixation

1C Enteric leak, no fixation

2A Clean, developing fixation

2B Contaminated, developing fixation

2C Enteric leak, developing fixation

3A Clean, frozen abdomen

3B Contaminated, frozen abdomen

4 Established enteroatmospheric fistula, frozen abdomen

OA: open abdomen.

Enteric leak describes the situation where there is spillage of enteric contents into the abdomen without established enteric fistula
development. An enteric leak controlled by closure, exteriorization into a stoma, or permanent enterocutaneous fistula is considered clean

(Grades 1 and 2).

42 (37.8%) as Grade 1B, and one patient each (0.9%)
were classified as 2A and 3. During the course of treat-
ment, the highest grade recorded was 1A in 53 patients
(47.7%). Thus, approximately half the patients had a
clean and OA throughout the treatment period, and as
could be expected those patients were closed without
any complications. In 32 patients (28.8%), however,
Grade 1B developed as the most serious grading dur-
ing the course of treatment, and three had 2A abdo-
mens. Regarding the most severe cases, fistulae were
present in 15 (13.5%) and 8 (7.2%) developed a Grade 4,
frozen abdomen. At the end of treatment (i.e. abdomi-
nal closure or death) 75% were Grades 1A, 8% 1B, 3%
2A, 7% 3, and 7% Grade 4. In validity and reliability
analysis, Bjarnason et al. (27) showed that the Bjorck
classification system from 2009 showed good correla-
tion with worse clinical outcomes, and that the inter-
rater and test-retest reliabilities were good.

The most serious classification problem was
encountered among those who had some kind of
leakage or fistula. Only 8 of the 15 patients had a
true enteroatmospheric fistula (EAF), a chronic situ-
ation with granulation. The other seven patients
experienced urinary or pancreatic fistula, bile leak-
age from a hepatojejunostomy or a gastrostomy, or
leakage of stool from a staple line, a result of ischemia
of the rectal stump. The overall classification was
prognostic for outcome. The grade of the OA at the
end of treatment was associated with failure of fas-
cial closure and in-hospital mortality (both p <0.001).
A change to a worse OA grade and the highest OA
grade recorded in each patient were associated with
failure of fascial closure (both p <0.001) and with in-
hospital mortality (p =0.002 and p =0.007). Rasilainen
et al. (24) used the classification system when com-
paring the results of treating 50 patients with vac-
uum and mesh-mediated traction, with a cohort of
54 historical controls. The two cohorts were almost
identical in their pretreatment classification (72-74%
Grade 1A, 26-26% Grade 1B, and 0-2% Grade 2B),
thus strengthening the conclusions of the study.

Kafka-Ritsch et al. (22) reported on 160 patients
treated with OA, mainly due to abdominal sepsis

(78%). They used a similar technique combining nega-
tive pressure wound therapy with dynamic retention
sutures preventing lateralization and had similar
results, 87% closure rate among survivors. The grad-
ing according to the Bjorck classification correlated
strongly with the primary delayed fascial closure rate
(p=0.002).

Navsaria et al. (25) used the classification system in
a prospective study evaluating a newly developed OA
treatment system (RENASYS AB Smith and Nephew).
The 20 trauma patients all had OA Grade 1 or 2 at the
start of OA treatment.

REVISION OF THE CLASSIFICATION
SYSTEM

As an integral part of the World Society of the
Abdominal Compartment Syndrome (WSACS) review
of the literature and update of their proposed 2006 con-
sensus definitions and 2007 management statements,
the need of a classification system of the OA was con-
firmed (28). The Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
system for clinical practice guidelines developers was
used (29, 30) to provide consistency in identifying and
rating the quality of available evidence, and the
strength of management recommendations (31). The
present classification system was published in an iden-
tical form as part of the updated consensus definitions
and clinical practice guidelines from the WSACS (28).
However, in order to emphasize the differences of the
amended classification system, highlight the rationale
for the amendments, and improve the relative poor
adherence to the classification system noted in the lit-
erature, the authors felt that it is important to republish
the amended classification system in a specific and
concise form.

When the classification system (3) was reviewed,
two problems were verified: The aforementioned def-
inition of fistula or EAF, and the fact that the system
graded a frozen clean abdomen as a more serious con-
dition (Grade 4) than the established EAF in an OA,
which is a highly lethal condition. A sub-group of the
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working group of the WSACS updated consensus
definitions and clinical practice guidelines was cre-
ated to amend the classification system, that is, the
authors of this article, and reached the consensus
described in Table 1.

When comparing both classifications in Table 1, the
reader will find that both the identified problems
have been addressed in the amended classification
system. An enteric leak (Grades 1C or 2C) has been
separated from an established EAF (Grade 4), and the
frozen abdomen (Grades 3A or B, clean or contami-
nated) without EAF has been separated from the
more serious condition of an established EAF. A for-
mal definition of EAF was also added: a permanent
enteric leak embedded in granulation tissue. It is
important to distinguish this critical situation from
the situation when an enteric leak that is controlled
by closure, exteriorization into a stoma, or if the

Grade 1B.

Grade 1C.

patient has a permanent enterocutaneous fistula,
which can be drained in a controlled way. The devas-
tating effect of an EAF in an OA is explained by the
difficulties to achieve source control, often resulting
in sepsis and death. In Fig. 1A—4, the different grades
are exemplified. The pictures (Grades 1-3) were sup-
plied by Mark Kaplan, and are from patients treated
at Albert Einstein Medical Center, Philadelphia,
Pennsylvania, USA.

As was pointed out in the previous classification
system (3), it must be remembered that the focus is the
patient, not the abdomen. Nutrition, ambulation,
mental health, control of infection, and inflammatory
reaction are all important for the prognosis of the OA.
Early enteral nutrition is beneficial (32). When evalu-
ating different temporary abdominal closure devices,
these issues should also be addressed and reported
appropriately.

Grade 2A.

Grade 2B.

Grade 2C.
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Grade 3A.

Grade 3B.

Grade 4.

CONCLUSION

In summary, with these rather small changes, we
believe that the requirements on a functional and
dynamic classification system, useful in both research
and training, will be fulfilled. We encourage future
investigators to apply the system and report on its
merits and constraints.

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

FUNDING

The World Society of the Abdominal Compartment
Syndrome supported the process leading to this publication
(website: wsacs.org). M Bjorck’s institution received an
unrestricted (unconditional) research grant from Kinetic
Concepts Incorporated (KCI) in 2006 and has received
speaker’s honorarium from KCI. A W Kirkpatrick’s institu-
tion received an unrestricted grant from the KCI to conduct
a prospective randomized trial of Open Abdomen manage-
ment (ClinicalTrials.gov Identifier: NCTO01355094). M
Cheatham’s institution received an unrestricted grant from
the KCI to conduct a prospective observation trial of open
abdomen management (ClinicalTrials.gov  Identifier:
NCT01016353). M Kaplan has received consultant and
speakers honorariums from the KCI. A Leppéaniemi, no dis-
closures. ] ] De Waele performed consultancies for both KCI
and Smith and Nephew, suppliers of open abdomen devices.

REFERENCES

1. Malbrain ML, Cheatham ML, Kirkpatrick A et al: Results from
the International Conference of Experts on intra-abdominal
hypertension and abdominal compartment syndrome. I. Defini-
tions. Intensive Care Med 2006;32:1722-1732.

2. Cheatham ML, Malbrain MLNG, Kirkpatrick A et al: Results
from the International Conference Experts on intra-abdominal
hypertension and abdominal compartment syndrome: II. Rec-
ommendations. Intensive Care Med 2007;33:951-962.

3. Bjorck M, Bruhin A, Cheatham M et al: Classification, an impor-
tant step to improve the management of patients with an open
abdomen. World J Surg 2009;33:1154-1157.

4. Swan MC, Banwell PE: The open abdomen: Aetiology, clas-
sification and current management strategies. ] Wound Care
2005;14:7-11.

5. Mentula P, Leppédniemi A: Prophylactic open abdomen in
patients with postoperative intra-abdominal hypertension.
Critical Care 2010;14:111.

6. Leppaniemi AK: Laparostomy: Why and when? Critical Care
2010;14:216.

7. Bjorck M, Wanhainen A: Non-occlusive mesenteric hypoperfu-
sion syndromes: Recognition and treatment. Semin Vasc Surg
2010;23:54-64.

8. Mayer D, Veith FJ, Lachat M: Abdominal compartment syn-
drome. Minerva Chir 2010;65:329-345.

9. Bjorck M, Steuer J, Wanhainen A: Delayed abdominal closure
for ruptured abdominal aortic aneurysm repair. ] Vasc Endo-
vasc Surg 2010;17:107-115.

10. Mentula P: Non-traumatic causes and the management of the
open abdomen. Minerva Chir 2011;66:153-163.

11. Bjérck M, D’Amours SK, Hamilton AER: Closure of the open
abdomen. Am Surg 2011;77:558-561.

12. Diaz JJ, Dutton WD, Ott MM: Eastern Association for the Sur-
gery of Trauma: A review of the management of the open abdo-
men—VPart 2 “Management of the open abdomen.” J Trauma
Acute Care Surg 2011;71:502-512.

13. Jannasch O, Tautenhahn J, Lippert H: Temporary abdominal
closure and early and late pathophysiological consequences
of treating an open abdomen. Zentralbl Chir 2011;136:
575-584.

14. Bjorck M: Management of the tense abdomen or difficult
abdominal closure following operation for ruptured AAA.
Semin Vasc Surg 2012;25:35-38.

15. Leppédniemi A, Tukiainen E: Reconstructions of complex
abdominal wall defects. Scand ] Surg 2013,102:14-19.

16. Sanchez-Miralles A, Castellanos G, Badenes R: Abdominal
compartment syndrome and acute intestinal distress syndrome.
Med Intensiva 2013;37:99-109.



10

17.

18.

19.

20.

21.

22.

23.

24.

25.

M. Bjorck, et al.

Seternes A, Myhre HO, Dahl T: Early results after treatment
of open abdomen after aortic surgery with mesh traction and
vacuum-assisted wound closure. Eur ] Vasc Endovasc Surg
2010;40:60-64.

Padalino P, Dionigi G, Minoja G: Fascia-to-fascia closure with
abdominal topical negative pressure for severe abdominal
infections: Preliminary results in a department of general sur-
gery and intensive care unit. Surg Infect 2010;11:523-528.
Acosta S, Bjarnason T, Petersson U et al: A multi-centre pro-
spective study of fascial closure rate after open abdomen
with vacuum and mesh-mediated fascial traction. Br J Surg
2011;98:735-743.

D’'Hondt M, Devriendt D, Van Rooy F: Treatment of small-
bowel fistulae in the open abdomen with topical negative-pres-
sure therapy. Am ] Surg 2011;202:E20-E24.

Verdam FJ, Dolmans DE, Loos MJ: Delayed primary closure of
the septic open abdomen with a dynamic closure system. World
J Surg 2011;35:2348-2355.

Kafka-Ritsch R, Zitt M, Schorn N et al: Open abdomen treatment
with dynamic sutures and topical negative pressure resulting in a
high primary fascia closure rate. World J Surg 2012;36:1765-1771.
Dietz UA, Wichelmann C, Wunder C et al: Early repair of open
abdomen with a tailored two-component mesh and condition-
ing vacuum packing: A safe alternative to the planned giant
ventral hernia. Hernia 2012;16:451-460.

Rasilainen SK, Mentula PJ, Leppédniemi AK: Vacuum and mesh-
mediated fascial traction for primary closure of the open abdo-
men in critically ill surgical patients. Br ] Surg 2012,99:1725-1733.
Navsaria P, Nicol A, Hudson D et al: Negative pressure wound
therapy management of the “open abdomen” following trauma:

26.

27.

28.

29.

30.

31.

32.

A prospective study and systematic review. World ] Emerg
Surg 2013;8:4.

Petersson U, Acosta S, Bjorck M: Vacuum-assisted wound clo-
sure and mesh-mediated fascial traction—A novel technique for
closure of the open abdomen. World ] Surg 2007;31:2133-2137.
Bjarnason T, Montgomery A, Acosta S et al: Evaluation of the
open abdomen classification system: A validity and reliability
analysis. World ] Surg 2014;38:3112-3224.

Kirkpatrick A, Roberts D], De Waele ] et al: Intra-abdominal
hypertension and the abdominal compartment syndrome:
Updated consensus definitions and clinical practice guidelines
from the World Society of the Abdominal Compartment Syn-
drome. Intensive Care Med 2013;39:1190-1206.

Guyatt GH, Oxman AD, Vist GE et al: GRADE: An emerging
consensus on rating quality of evidence and strength of recom-
mendations. BMJ 2008;336:924-926.

Jaeschke R, Guyatt GH, Dellinger P et al: Use of GRADE grid to
reach decisions on clinical practice guidelines when consensus
is elusive. BMJ 2008;337:a744.

Kirkpatrick AW, Roberts DJ, Jaeschke R et al: Methodological
background and strategy for the 2012-2013 updated consensus
definitions and clinical practice guidelines from the World Soci-
ety of the Abdominal Compartment Syndrome. Int ] Abdom
Res 2013;1:1-16.

Reintam Blaser A, Starkopf J: Should we use early enteral nutri-
tion in all intensive care patients? Int ] Abdom Res 2013;1:59-63.

Received: October 27, 2015
Accepted: January 12, 2016



