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Syndrome After rEVAR

How to identify and treat this serious complication of endovascular repair for

ruptured abdominal aortic aneurysms before it's too late.

BY PHILIP S.K. PATY, MD, AND MANISH MEHTA, MD

he benefits, ease, and utility of endovascular
aneurysm repair (EVAR) for ruptured abdomi-
nal aortic aneurysms (rAAAs) were first
reported by Ohki and Veith in 2000." Since
then, it has become a preferred method of repair for
treating rAAAs. Although recent data meta-analyses
do not show an advantage of EVAR over elective open
repair for AAAs, national and state published data
have shown that EVAR for rAAAs (rEVAR) is the opti-
mal treatment method.?® Overall mortality rates with
this approach are < 30%. As is also evident with open
repair, achieving the best results with rEVAR relies
upon coordinated systems of care, as well as the sur-
geon’s expertise.
With the adoption of an endovascular approach
to treating rAAAs, certain complications that are not
associated with open repair become evident. These
include abdominal compartment syndrome (ACS),
early and late endoleaks, and late graft failure with sac
expansion prompting reintervention and endograft
explant. The most significant of these complications
in the early postoperative period is the development
of ACS. The combination of retroperitoneal hema-
toma left in place after REVAR and bowel edema can
contribute to intra-abdominal hypertension and the
development of this complication.

DEFINITIONS AND INCIDENCE

Intra-abdominal pressure (IAP) normally runs in the
range of 5 to 7 mm Hg in critically ill patients.”” After
rAAA repair, some degree of elevation of IAP is expected

(> 12 mm Hg). When the patient’s IAP is > 12 mm Hg,
some degree of renal impairment occurs. With a fur-
ther increasing IAP, a greater degree of multiorgan
system dysfunction occurs, and an IAP > 30 mm Hg is
associated with multisystem organ failure.

IAP is most easily measured by means of bladder
pressure through a urinary drainage catheter. There are
several definitions of ACS: (1) IAP > 20 mm Hg in com-
bination with organ system dysfunction or failure or
(2) abdominal perfusion pressure (mean arterial pres-
sure minus IAP) < 60 mm Hg along with organ dys-
function.” The second of these is important, as many
patients may have some relative degree of hypotension
after rAAA repair.

The development of ACS after surgical treatment for
rAAA has also been reported after open repair.’%" The
incidence of IAP > 20 mm Hg after open repair occurs
in roughly 50% of patients. In contrast, the incidence
after EVAR for rAAA patients, who are routinely moni-
tored for this complication and treated expeditiously,
was reported as 20% in the series by Mayer et al."

The implication of this is significant, as the mortality
of patients with and without ACS was 30% versus 8%,
respectively.

Aside from the aforementioned clinical markers,
chemical markers have been studied in an attempt to
diagnose the onset of ACS at an earlier time." Horer
et al placed microdialysis catheters into the perito-
neal cavity and found that elevated lactate/pyruvate
ratios and glycerol levels were early markers that were
associated with the subsequent development of ACS.
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Figure 1. On-table decompression laparotomy and colectomy
for ACS after EVAR.

These markers most likely represent the inflammatory
response that develops before overt clinical organ dys-
function and may provide a window of opportunity to
reduce the mortality associated with ACS after rAAA
repair.

NONOPERATIVE TREATMENT

Decompressive laparotomy has been the routine
treatment for managing patients with ACS. However,
several authors have suggested nonoperative treat-
ments, either as an adjunctive or a definitive treat-
ment for ACS. If abdominal pain is the cause of a tense
abdomen, Cheatham et al have suggested the use of
epidural anesthesia to reduce IAP.? In the postopera-
tively ventilated patient, the use of neuromuscular
blockade may also significantly reduce IAP. As report-
ed by Papazarian et al, a short course of neuromuscu-
lar blockade may reduce IAP by 50%.' The problem
in interpreting these data is that most of these studies
were performed in patients with respiratory distress
syndrome and not specifically those vascular patients
who had undergone rEVAR. The importance of this
nonoperative treatment is that it may be used if ACS is
detected early or as a bridge to definitive decompres-
sive laparotomy.

Another interesting modality is the use of positive
end-expiratory pressure in ventilated patients with
intravenous hypertonic albumin and furosemide treat-
ment as reported by Cordemans et al.” This combina-
tion has been referred to as the PAL (PEEP albumin
lasix) treatment and has been reported to result in
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Figure 2. Three months after decompression laparotomy and
VAC wound therapy.

negative fluid balance, reduce IAP, and reductions in
mortality after open AAA repair.

An additional alternative to laparotomy is the use
of tissue plasminogen activator for lysis of the ret-
roperitoneal hematoma.’ This technique has been
described by Horer et al and involves CT guidance to
place microcatheters into the retroperitoneum. The
vast majority of patients in this series (out of 13 total)
had IAPs > 20 mm Hg, intra-abdominal perfusion
pressure < 60 mm Hg, and signs of multisystem organ
failure. All but one patient responded favorably to this
treatment. The authors concluded that this treatment
may be used in selected cases but should not replace
decompressive laparotomy.

DECOMPRESSIVE LAPAROTOMY

In the clinical scenario where the IAP is elevated or
the intra-abdominal perfusion pressure is reduced in
association with multisystem organ failure, the perfor-
mance of decompressive laparotomy can be a lifesav-
ing procedure. This procedure is best performed earlier
rather than later. If other aforementioned nonopera-
tive adjunctive measures or procedures are used, close
monitoring of the clinical sequelae and end-organ
perfusion is absolutely necessary. Mortality rates after
delayed recognition of ACS have been reported at
70%_17,18

In general, decompressive laparotomy is performed
though a midline incision. Our present protocol
involves initial midline decompression with laparot-
omy pads placed and coverage with plastic adhesive



drapes (Figure 1). The patient is kept on ventilator
support and resuscitated appropriately. The patient is
then re-examined after 48 hours. At that time, a deci-
sion is made about whether to plan serial returns to
the operating suite for cephalad and caudad midline
fascial closure.

Alternatively, a Wittmann patch (Starsurgical, Inc.)
is placed, and closure is performed as previously
described.” Some authors have also recommended the
use of Vicryl (Ethicon, a Johnson & Johnson company)
or prolene mesh with serial coverage.® One caveat
to the use of any patch type of closure is the pos-
sible development of bowel erosions or fistula. Some
patients have also been managed with VAC would
therapy devices (KCl, an Acelity Company). Some
patients managed in this way have had their residual
skin/fascial defects covered with split-thickness skin
grafts (Figure 2). Staged late hernia repair has been
performed in these patients with good outcomes.

INSTITUTIONAL EXPERIENCE AND
RECOMMENDATIONS

Between 2002 and 2014, 184 patients underwent
rEVAR, and the overall operative mortality rate was
21% (38/184). The incidence of ACS requiring decom-
pressive laparotomy was 17% (32/184). The mortality
rate without ACS was 12% (18/152) versus 66% (21/32)
with ACS. What remains clear from these data is that
ACS is still a significant issue after rEVAR.

In our experience with patients undergoing rEVAR,
we found several factors that were associated with the
development of ACS.2%?" Patients with ACS had a higher
incidence of (1) use of an aortic occlusion balloon for
systolic blood pressure < 80 mm Hg, (2) coagulopathy
as measured by markedly elevated partial thromboplas-
tin times, (3) large-volume transfusion, and (4) intraop-
erative conversion from a bifurcated to an aorto-uni-
iliac device due to an inability to cannulate the contra-
lateral gate when compared to patients without ACS.

At present, our management of patients during and
after rEVAR involves the following: (1) avoiding sys-
temic anticoagulation with prompt correction of any
coagulation defects, (2) checking IAP via bladder pres-
sures hourly, and (3) routinely initiating treatment with
decompressive laparotomy for IAPs > 20 mm Hg with
end-organ dysfunction such as reduced urinary output
or ventilator difficulties with peak airway pressures.
We would also consider pre-emptive decompression
in patients with either aortic occlusion balloon use
for hypotension, massive transfusion (> 8 units PRBC),
coagulopathy (partial thromboplastin time ratio > 3),
or signs of end-organ dysfunction. ®

(COVER STORY

Philip S.K. Paty, MD, is Professor of Surgery, Albany
Medical College, Albany Medical Center in Albany, New
York. He has stated that he has no financial interests
related to this article.

Manish Mehta, MD, is Professor of Surgery, Albany
Medical College, Albany Medical Center in Albany, New
York. He has stated that he has no financial interests
related to this article. Dr. Mehta may be reached at
mehtam@albanyvascular.com.

1. OhkiT, Veith FJ. Endovascular grafts and other image-quided catheter-based adjuncts to improve the
treatment of ruptured aortoiliac aneurysms. Ann Surg. 2000;232:466-479.

2. Paravastu SC, Jayarajasingam R, Cottam R, et al. Endovascular repair of abdominal aortic aneurysm.
Cochrane Database Syst Rev. 2014;1:CD004178.

3. McPhee J, Eslami MH, Arous EJ, et al. Endovascular treatment of ruptured abdominal aortic aneurysms

in the United States (2001-2006): a significant survival benefit over open repair is independently associated
with increased institutional volume. J Vasc Surg. 2009;49:817-826.

4. Egorova N, Giacovelli J, Greco G, et al. National outcomes for the treatment of ruptured abdominal aortic
aneurysm: comparison of open versus endovascular repairs. J Vasc Surg. 2008;48:1092-1100.

5. Edwards ST, Schermerhorn ML, 0'Malley AJ, et al. Comparative effectiveness of endovascular versus open
repair of ruptured abdominal aortic aneurysm in the Medicare population. J Vasc Surg. 2014;59:575-582.

6. Leon LR Jr, Labropoulos N, Laredo J, et al. To what extent has endovascular aneurysm repair influenced
abdominal aortic aneurysm management in the state of Illinois? J Vasc Surg. 2005;41:568-574.

7. Malbrain ML, Cheatham ML, Kirkpatrick A, et al. Results from the international conference experts on
intra-abdominal hypertension and abdominal compartment syndrome. |. Definitions. Intensive Care Med.
2006;32:1722-1732.

8. Bjorck M. Management of the tense abdomen or difficult abdominal closure after operation for ruptured
abdominal aortic aneurysms. Semin Vasc Surg. 2012;25:35-38.

9. Cheatham ML. Malbrain ML, Kirkpatrick A, et al. Results from the international conference experts on
abdominal compartment syndrome. II. Recommendations. Intensive Care Med. 2007,33:951-962.

10. Patell CF, Hall J, Clarke G, et al. Intra-abdominal pressure and renal function after surgery to the abdomi-
nal aorta. Aust N Z Surg. 1990;60:213-216.

11. Djavani K, Manhainen K, Bjorck M. Intra-abdominal hypertension and abdominal compartment syndrome
following surgery for ruptured abdominal aortic aneurysm. Eur J Vasc Endovasc Surg. 2006;31:581-584.

12. Mayer D, Rancic Z, Meier C, et al. Open abdomen treatment following endovascular repair of ruptured
abdominal aortic aneurysms. J Vasc Surg. 2009;50:1-7.

13. Horer TM, Skoog P, Norgren L, et al. Intra-peritoneal microdialysis and intra-abdominal pressure after
endovascular repair of ruptured aortic aneurysms. Eur J Vasc Endovasc Surg. 2013;45:596-606.

14. Papazarian L, Forel JM, Gacouin A, et al. Neuromuscular blockers in early respiratory distress syndrome. N
Eng J Med. 2010;363:1107-1116.

15. Cordemans C, De Laet I, Van Regenmortel N, et al. Aiming for negative fluid balance in patients with
acute lung injury and increased abdominal pressure: a pilot study looking at the effects of PAL-treatment. Ann
Intensive Care. 2012;2 suppl 1:515.

16. Horer T, Skoog P, Pirouzam A, Larzon T. Tissue plasminogen activator-assisted hematoma evacuation to
relieve abdominal compartment syndrome after endovascular repair of ruptured abdominal aortic aneurysm. J
Endovasc Ther. 2012;19:144-148.

17. Loftus IM, Thompson MM. The abdominal compartment syndrome following aortic surgery. Eur J
Endovasc Surg. 2003;25:97-109.

18. Eddy V, Nunn C, Morris JA Jr. Abdominal compartment syndrome. The Nashville experience. Surg Clin
North Am. 1997,77:801-812.

19. Wittmann DH, Aprahamian C, Begstein JM. Etappenlavage: advanced diffuse peritonitis managed by
planned multiple laparotomies utilizing zippers, slide fastener, and VelcroR analogue for temporary abdomi-
nal closure. World J Surg. 2007;31:2133-2137.

20. Mehta M, Darling RC III, Roddy SP, et al. Factors associated with abdominal compartment syndrome
complicating endovascular repair of ruptured abdominal aortic aneurysms. J Vasc Surg. 2005;42:1047-1051.
21. Mehta M, Paty PSK, Byrne J, et al. The impact of hemodynamic status on outcomes of endovascular
abdominal aortic aneurysm repair for rupture. J Vasc Surg. 2013;57:1255-1260.

MARCH 2015 ENDOVASCULAR TODAY 73



