1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2020 September 01.

-, HHS Public Access
«

Published in final edited form as:
J Thorac Cardiovasc Surg. 2019 September ; 158(3): 675-687.e4. doi:10.1016/j.jtcvs.2018.11.127.

Managing patients with acute type A aortic dissection and
mesenteric malperfusion syndrome: 20-year experience

Bo Yang, MD, PhDL*, Elizabeth L Norton, MS2*, Carlo Maria Rosati, MD?, Xiaoting Wu,
PhD1, Karen M Kim, MD?, Minhaj S. Khaja, MD, MBA3, G Michael Deeb, MD®*, David M
Williams, MD3*, Himanshu J Patel, MD1"

1Department of Cardiac Surgery, Michigan Medicine, Ann Arbor, Michigan

2Creighton University School of Medicine, Omaha, Nebraska

SDepartment of Radiology, Michigan Medicine, Ann Arbor, Michigan

Abstract

Objective: To assess outcomes of endovascular reperfusion followed by delayed open aortic
repair for stable patients with acute type A aortic dissection (ATAAD) and mesenteric
malperfusion syndrome (MesMPS).

Methods: Among 602 patients with ATAAD who presented to our center from 1996 to 2017, all
82 (14%) with MesMPS underwent upfront endovascular fenestration/stenting. Primary outcomes
were in-hospital mortality and long-term survival. ATAAD patients with no malperfusion
syndrome of any organ (n=419) served as controls.

Results: In-hospital mortality of all comers with MesMPS was 39%. After endovascular
fenestration/stenting, 20 (24%) MesMPS patients died from organ failure and 11 (13%) from
aortic rupture before open aortic repair, 47 (58%) underwent aortic repair, and 4 (5%) survived
without open repair. No patients died from aortic rupture during the second decade (2008-2017).
The significant risk factors for death from organ failure after endovascular reperfusion were acute
stroke (odds ratio (OR)= 23 (95% CI: 4, 144), p=0.0008), gross bowel necrosis at laparotomy
(OR=7 (1.4, 34), p=0.016), and serum lactate =6 mmol/L (OR=13.5 (2, 97), p=0.0097). There
was no significant difference in operative mortality (2.1% vs. 7.5%; p=0.50) or long-term survival
between MesMPS patients who underwent open aortic repair after recovering from MesMPS and
patients with no malperfusion syndrome.
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Conclusions: In ATAAD patients with MesMPS, endovascular fenestration/stenting and delayed
open aortic repair achieved favorable short- and long-term outcomes. Surgeons should consider
correcting mesenteric malperfusion before undertaking open aortic repair in MesMPS patients,
especially those with acute stroke, gross bowel necrosis at laparotomy, or serum lactate =6
mmol/L.

INTRODUCTION

Acute type A aortic dissection (ATAAD) is a catastrophic event with an average operative
mortality of 20-25%.1 Prompt surgical intervention (open aortic repair) is generally
necessary to prevent death from aortic rupture. ATAAD patients presenting with concomitant
dissection-related severe end-organ malperfusion, tissue/organ necrosis, and consequential
failure (malperfusion syndrome, or MPS) have a significantly increased mortality.
Mesenteric MPS (MesMPS), in particular, has been reported to have a very poor prognosis
with in-hospital mortality ranging from 60 to 75%.1-12 The optimal management of ATAAD
patients with MPS remains an unsettled issue. Emergent open aortic repair aims to prevent
aortic rupture and death from hemorrhagic shock or tamponade. However, for patients with
MesMPS the impending risk of bowel necrosis and septic shock might be the most
immediate, life-threatening concern. Aortic repair usually achieves visceral reperfusion
through surgical stabilization of the true lumen? and resolves dynamic occlusion of the
superior mesenteric artery (SMA), but it might fail in instances of static occlusion of the
SMA, such as with SMA true or false lumen thrombosis. In addition, relief of the SMA
obstruction does not cause immediate resolution of the already existing ischemic injury. In
both cases, putting the patient through the major physiologic stress of a long operation on
cardiopulmonary bypass (CPB) with circulatory arrest before correction of or recovery from
MesMPS could increase the probability of a poor outcome.

At the University of Michigan, since 1996 we have adopted a different approach for ATAAD
patients with MPS who are otherwise stable (no aortic rupture, no tamponade), which
consists of upfront endovascular reperfusion (through fenestration/stenting) of the critically
malperfused organ system(s), including abdominal viscera, by interventional radiology (IR),
followed by open aortic repair at resolution of organ failure.13-16 Herein, we present the 20-
year-long experience of our approach, focusing on patients with ATAAD and MesMPS. The
primary objective was to assess short- and long-term outcomes of ATAAD patients with
mesenteric MPS. A secondary objective was to identify risk factors for death from organ
failure even after successful visceral reperfusion in order to differentiate patients for whom
open aortic repair could achieve survival at discharge from those for whom it would likely
be futile.

METHODS

This study was approved by the University of Michigan Institutional Review Board
(Michigan Medicine, Ann Arbor, MI) and was in compliance with Health Insurance
Portability and Accountability Act (HIPAA) regulations. A waiver of consent was obtained.
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Patient population and data collection

Between July 1996 and January 2017, 602 patients presented to the University of Michigan
with an ATAAD, defined as onset within 14 days of admission. Eighty-two (14%) patients
had mesenteric malperfusion syndrome (MesMPS) and represent the focus of this study.
Patients (n=419, 70%), who did not suffer from any (cerebrospinal, coronary, mesenteric,
renal, or lower extremity) malperfusion syndrome (MPS) and underwent upfront open aortic
repair, served as control. (See Supplemental Figure S1) Investigators obtained Society of
Thoracic Surgery data elements from the University of Michigan Department of Cardiac
Surgery Data Warehouse to determine pre-, intra-, and post-operative characteristics.
Demographics, medical records, and operative reports were reviewed to supplement data
collection. Survival was obtained through the National Death Index database through
December 201517 and medical record review.

Diagnosis and management of ATAAD with mesenteric malperfusion syndrome

The diagnosis of MesMPS requires both clinical and laboratory features (abdominal pain,
bloody diarrhea, tenderness to palpation, elevated lactate, metabolic acidosis) as well as
radiographic demonstration of low or absent blood flow through the SMA with or without
SMA thrombosis. Unless there was evidence of aortic rupture or cardiac tamponade (which
were indications for immediate aortic repair), all patients with MesMPS were treated with
upfront endovascular fenestration/stenting prior to open repair. If the SMA was dissected,
SMA pressure was measured beyond the distal extent of the dissection. Angiographic
confirmation of treatable MesMPS was documented by a significant systolic blood pressure
gradient (>15 mmHg) between the ascending aorta and the distal SMA. In patients with
aortic coarctation, a blood pressure differential of >20 mmHg has traditionally been
considered significant, so we conservatively choose a gradient of systolic blood pressure of
15 mmHg as the criterion for malperfusion. Aortic fenestration and stenting were performed
percutaneously by creating a tear in the dissection flap to balance the blood pressure and
permit flow between the true and false lumens, as previously described.13-16 If the gradient
between the ascending aorta and SMA persisted (>15 mmHg) after the aortic fenestration
and stenting, further SMA stenting, thrombolysis, or suction thromboembolectomy was
performed. (Supplemental Table S1) In dissected vessels with thrombosed false lumens,
gradients after stenting might exceed 15 mmHg, but as long as absolute perfusion pressure
was viable, i.e., >60 mmHg, post-dilation of stents was not performed.

Post-IR management and open aortic repair (Figure 1)

After endovascular reperfusion of the SMA, the general surgery team evaluated the 82
patients to determine if an exploratory laparotomy was needed based on the clinical exam
(abdominal tenderness), increasing lactate, and pneumatosis in the wall of the intestine on
CT scan. If no laparotomy was indicated or laparotomy was performed but no necrotic
bowel was identified, we waited for resolution of abdominal pain, normalization of lactate
and metabolic acidosis, and then performed open aortic repair. If a patient had a resection of
necrotic bowel, we waited for the patient to recover from metabolic acidosis, septic shock,
and/or acute respiratory distress syndrome, and then performed open aortic repair. The
cohort of patients with MesMPS who eventually underwent open aortic repair after
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recovering from MPS was defined as surgical MesMPS patients (n=47). The median time
from fenestration/stenting to open aortic repair was 6 (interquartile range: 2-19) days (Table
1). The operative strategy for the surgical MesMPS patients was the same as for the ATAAD
patients with no MPS (non-MPS patients).

Statistical Analysis

Chi-square and Fisher exact tests were used for categorical variables and Wilcoxon rank-
sum test was used for continuous variables, as appropriate. Multivariable logistic regression
was used to determine the risk factors with odds ratio (OR) for in-hospital mortality in
comparison of all patients with MesMPS vs. non-MPS after stepwise selection of variables,
including group, age, gender, NYHA class l11/1V, history of MI, previous cardiac surgery,
CAD, COPD, cardiogenic shock, acute MI, acute stroke, acute renal failure, acute paralysis,
and preoperative chronic renal failure based on clinical relevance. Multivariable logistic
regression was also used to determine the risk factors and OR of mortality in comparison of
patients who died from organ failure after endovascular reperfusion but before open repair
vs. those who survived to open repair or discharge. Stepwise selection was performed for
variables including age, acute stroke, renal malperfusion, extremity malperfusion,
cardiogenic shock, bowel necrosis identified at laparotomy, and max serum lactate before IR
> 6 mmol/L. Long-term survival curves were estimated using the Kaplan-Meier method with
the log-rank test in all patients with MesMPS vs. non-MPS patients, and surgical MesMPS
patients vs. non-MPS patients. The Cox proportional hazard model was used to compare the
long-term outcome in surgical MesMPS patients vs. non-MPS patients, but not in all patients
with MesMPS vs. non-MPS due to violation of proportional hazard assumption. Stepwise
selection of variables was used for the Cox model, including all the variables used for the
logistic model for in-hospital mortality. P values (two-tailed) < 0.05 were considered
statistically significant. All statistical analysis used SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Demographics of patients with mesenteric malperfusion syndrome vs no malperfusion

syndrome.

As expected, patients with MesMPS were much sicker than non-MPS patients when they
arrived at our hospital, including a significantly higher incidence of acute stroke, acute renal
malperfusion, acute kidney injury with or without dialysis, acute extremity malperfusion,
acute paralysis, bowel necrosis, chronic renal failure, hypertension, and previous myocardial
infarction and cardiac surgery. (Table 1)

Overall outcomes of patients with ATAAD and mesenteric malperfusion syndrome

All 82 patients with ATAAD and MesMPS underwent upfront endovascular reperfusion by
IR (Figure 1) (Supplemental Table S1). After endovascular fenestration/stenting, 38% of
patients died before open aortic repair either from organ failure (n=20, 24.4%) or aortic
rupture (n=11, 13.4%). The remaining patients survived and either underwent an open aortic
repair (n=47, 57%; 44 patients had an operation before discharge, 3 patients had an
operation at readmission within 1 year) or survived through discharge but never had an open
aortic repair (n=4, 5%) (Figure 2). All deaths from aortic rupture (n=11) occurred during the
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first decade (1996-2007), with zero deaths from aortic rupture in the second decade
(2008-2017), p=0.002 (Figure 2). One patient died after open aortic repair. The overall in-
hospital mortality was 39% (Table 2).

Risk factors for “death from organ failure after resolution of malperfusion”

The MesMPS patients who died from organ failure after endovascular revascularization had
significantly more cardiogenic shock, acute stroke, and higher lactate levels compared to
those who survived to open aortic repair or discharge. (Table 3) Multivariable logistic
regression showed the significant independent risk factors for death from organ failure were
acute stroke (OR =23 (95% CI: 4, 144), p=0.0008), gross bowel necrosis at laparotomy (OR
=7 (1.4, 34), p=0.016), and serum lactate = 6 mmol/L (OR = 13.5 (2, 97), p=0.0097).

Short-term outcomes of patients with mesenteric malperfusion syndrome vs no
malperfusion syndrome.

The in-hospital mortality was 5-times higher in the MesMPS group (n=82) compared to the
non-MPS group (n=419) (39% vs. 7.2%, p<0.001). All other post-procedural (IR or open
repair) outcomes in the MesMPS group were not significantly different from the post-
operative outcomes in the non-MPS group despite the fact that patients with MesMPS were
much sicker at admission. (Table 2) Multivariable logistic regression showed the significant
risk factors for in-hospital mortality were MesMPS (OR =5 (2.4, 10.6), p<0.0001), age (OR
=1.03 (1, 1.05), p=0.046), cardiogenic shock (OR = 8 (3.5, 14), p<0.001), and acute stroke
(OR =12 (2.6, 59), p=0.002).

Comparison of surgical outcomes between MesMPS and non-MPS patients

Although surgical MesMPS patients were still significantly sicker at admission
(Supplemental Table S2), there was no significant difference in the complexity of the
operation (Supplemental Table 3) or the operative (30-day post-operative or in-hospital)
mortality (2.1 vs. 7.4%; p = 0.23) between the surgical MesMPS vs. non-MPS groups (Table
4). However, surgical MesMPS patients required more blood transfusions intra-operatively
(Supplemental Table S3), and had a longer post-operative (after open aortic repair) hospital
stays (Table 4).

Long-term survival

MesMPS patients (n=82) had worse overall long-term survival than non-MPS patients due to
a much higher in-hospital mortality (10-year survival: 41% (95% CI: 29%, 53%) vs. 64%
(57%, 69%), p<0.001). (Figure 3A) However, there was no significant difference in long-
term survival between surgical MesMPS patients (n=47) and non-MPS patients (10-year
survival: 69% (50%, 82%) vs. 64% (57%, 69%), p=0.60). (Figure 3B) Cox proportional
hazard model showed that the risk factors for all-time mortality after surgery in surgical
MesMPS patients and non-MPS patients were age (hazard ratio (HR) = 1.04 (95% CI: 1.02,
1.05), p<0.001), CAD (HR = 1.8 (1.3, 2.7), p=0.001), and acute paralysis (HR = 7.3 (1.6,
33), p=0.01). MesMPS at admission was no longer a risk factor after patients were
successfully treated with endovascular fenestration/stenting and recovered from MPS
(HR=0.8 (0.4, 1.4), p=0.37).
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DISCUSSION

In this study, we reported our 20-year-long term experience of managing ATAAD with
MesMPS treated with endovascular reperfusion and delayed open aortic repair. The key
findings include: (1) in-hospital mortality for all MesMPS patients (after endovascular
reperfusion, with or without open repair) was 39%, which was 5 times higher than that in
non-MPS patients. (2) Twenty-four percent of MesMPS patients died of organ failure despite
adequate endovascular revascularization. The significant risk factors of death from organ
failure were acute stroke, gross bowel necrosis at laparotomy, and maximum lactate > 6
mmol/L. (3) After endovascular revascularization and recovery from MesMPS, the
postoperative short- and long-term survival in surgical MesMPS patients was not
significantly different from that in non-MPS patients. (Video)

There are two critical issues in patients with ATAAD and MesMPS: (1) rupture of the
proximal aorta and (2) mesenteric ischemia/necrosis, which can both result in death.
Traditional teaching predicates immediate open aortic repair for all ATAAD patients, even
with MesMPS, with the goal to protect the patient from aortic rupture and to resolve the
mesenteric malperfusion. This strategy may work for dynamic obstruction of the SMA if no
end-organ damage (malperfusion syndrome) has occurred; however, once end-organ damage
is present or static occlusion of the SMA due to thrombosis of the false lumen in the SMA is
present, the mesenteric issue cannot reliably be resolved by open aortic repair alone. More
than 50% of MesMPS patients in our study needed SMA stenting, focal thrombolysis, or
suction thromboembolectomy to resolve the obstruction of the SMA (Supplemental Table
S1). Some institutions perform SMA stenting after open repair if patients were suspected to
have ongoing mesenteric ischemia and malperfusion.2: However, this approach could be too
late if patients already have compromised bowel upon arrival. With the traditional approach,
the operative mortality in ATAAD with MesMPS is above 50%.1-12

Due to this limitation of the traditional approach (upfront open aortic repair), we developed
our strategy to treat MesMPS with initial endovascular fenestration/stenting followed by
open aortic repair upon recovery from mesenteric MPS. There are several advantages to such
an approach. First, we are able to resolve the obstruction of the SMA and other visceral
branches immediately and adequately with a minimally-invasive percutaneous procedure,
avoiding CPB and hypothermic circulatory arrest. The procedure itself has minimal negative
impact due to trauma on these very sick patients. In addition, we can treat SMA occlusion
with stenting, thrombolysis with local fibrinolysis (tissue plasminogen activator), or suction
thromboembolectomy (Supplemental Table S1). At the end of the procedure, we measure the
blood pressure in each visceral branch (such as the SMA, celiac artery, and renal arteries)
and in the iliac arteries to confirm that arterial obstruction has been adequately relieved. We
accept a blood pressure gradient between the ascending aorta and arterial branch below 15
mmHg. Second, our approach avoids futile open aortic repair, which may consume more
resources than a percutaneous procedure alone. Twenty patients in this cohort died from
organ failure even after arterial obstruction of all the viscera and extremities was resolved
(Figures 1 and 2, Supplemental Table S4). Assuming an open aortic repair could have
resolved the malperfusion, it is very likely that these patients would have died from organ
failure due to the prolonged period of MesMPS. Third, we were able to treat all the
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MesMPS patients with this approach even if they had mesenteric malperfusion for >24
hours, as long as they did not have aortic rupture or cardiac tamponade. We do not turn down
any patients with MesMPS no matter how sick they are. We give every patient a chance of
recovery by reperfusion of his/her mesentery. Finally, our approach provides very favorable
long-term survival in MesMPS patients after endovascular reperfusion and subsequent open
aortic repair, which was very similar to ATAAD patients without MPS (Figure 3b).

There is a difference between mesenteric malperfusion and mesenteric malperfusion
syndrome (MesMPS). Malperfusion is inadequate blood flow to an end organ, i.e., ongoing
arterial obstruction. The organ could be ischemic but not necrotic, especially at the early
stage. MPS is the late stage of malperfusion and the malperfused end organ already has cell/
tissue/organ death and malfunction, such as necrotic gut for mesenteric malperfusion. MPS
is the indication for IR evaluation and possible treatment, but radiographic (such as CT
angiogram) malperfusion alone is not. The patients who died from organ failure after
endovascular revascularization in our study all had very late stage malperfusion and
unsalvageable end-organ death, even after the mesenteric malperfusion was resolved by IR.
Many of them had multi-organ arterial obstruction. (Table S4) Any intervention most likely
would have been futile, including IR and open repair. MesMPS includes all those patients
with existing bowel damage and reperfusion injury, which are not eliminated by restoring
arterial perfusion. However, when patients with MPS (late stage of malperfusion) come to
us, we never know who will survive and who will not survive after revascularization. IR is
less traumatic than open aortic repair, and at least gives those patients a chance to recover;
maybe a better chance in those borderline patients due to much less traumatic impact on the
patients. This is why we recommend IR first for patients with MPS, especially because the
risk of aortic rupture decreased dramatically with our current management.

A similar approach to ATAAD patients with MesMPS has also been adapted by other groups
either through an endovascular approach922 or open SMA bypass2324 with good outcomes.
Driven by the concern for impending aortic rupture, those groups performed open aortic
repair immediately after mesenteric reperfusion. The reasons to delay open aortic repair in
our approach are as follows: patients may have a necrotic bowel requiring bowel resection,
patients may need time to recover from multi-organ failure, such as ARDS or septic shock
from necrotic bowel, and some patients may die from organ failure even after visceral and/or
extremity malperfusion are resolved (as we saw in our study). For these patients, immediate
open aortic repair would be futile.

There is always the risk of proximal aortic rupture and death from hemorrhage or tamponade
while waiting for delayed open aortic repair during recovery from mesenteric ischemia.
Indeed, we had 11 (13%) patients die from aortic rupture. All the cases of aortic rupture
occurred in the first decade (1996-2007). As we gained more experience managing ATAAD
patients after endovascular fenestration/stenting, we had no deaths from aortic rupture
during the second decade (2008-2017) (Figure 2), likely due to aggressive blood pressure
control (goal: systolic < 110 mmHg), better care in the intensive care unit, and earlier
secondary open aortic repair (median waiting time: 7 days in the 15t decade vs. 4 days in the
2"d decade, p=0.44).
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In order to better predict the outcomes of ATAAD patients with MesMPS, we aimed to
identify variables associated with mortality from organ failure even after successful
endovascular visceral reperfusion. We found that acute stroke, gross bowel necrosis at
laparotomy, and a serum lactate = 6 mmol/L were significant independent risk factors of
death from organ failure with a high odds ratio (7-23), which are consistent with other
reports.25-27 Therefore, it might be valuable for the treating clinician to gauge the
appropriateness vs. futility of open aortic repair when patients present with an acute stroke,
bowel necrosis, or high serum lactate in the setting of ATAAD with MesMPS.

The MesMPS patients that recovered from endovascular reperfusion and subsequently
underwent open aortic repair are a highly selected group. This group of patients had no more
visceral or extremity malperfusion and had recovered from most complications (except renal
failure) of MesMPS by the time they underwent open aortic repair. It is not surprising that
the short- and long-term outcomes were comparable to non-MPS ATAAD patients (Table 4,
Figure 3B). Actually, this is exactly our goal of treating ATAAD patients with MesMPS: to
reperfuse abdominal viscera as soon as possible, essentially “converting” a patient with
MesMPS to a non-MPS patient, and improve survival in this difficult-to-treat and dreadful
disease.

This study is limited by a single-center retrospective experience, although, we report one of
the largest cohorts of ATAAD patients with MesMPS. Since the severity of MesMPS would
be expected to correlate with duration of SMA obstruction, it might have been helpful to
include duration of symptoms as one of the variables associated with mortality from organ
failure. Although serum lactate might be a surrogate for duration of SMA obstruction,
lactate might be falsely low in the setting where superior mesenteric venous outflow is
reduced due to celiac artery and SMA obstruction. Our institution is one of only a few
centers using this approach for ATAAD patients with MesMPS, wherein the mesenteric
arterial occlusion is corrected and the patient is allowed to recover from malperfusion before
open aortic repair. Our results may not be reproducible at other institutions. The sample size
of patients who died from organ failure before open repair is still small, which prevented us,
for instance, from building a robust multivariable quantitative prognostic score for risk of
death from organ failure.

CONCLUSION

In ATAAD patients with MesMPS, endovascular fenestration/stenting followed by delayed
open repair achieved favorable short- and long-term outcomes. For MesMPS patients with
acute stroke, bowel necrosis at laparotomy, or serum lactate = 6 mmol/L, the risk of dying
from organ failure increased dramatically, and therefore, caution should be exercised when
offering open aortic repair to those patients. Surgeons should keep in mind that not every
untreated ATAAD will rupture, but every untreated MesMPS will cause patient’s death.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GLOSSARY OF ABBREVIATIONS

ACP
AKI
ATAAD
CABG
CAD
CPB
CVA
GFR
HCA

IR
MesMPS
MI

MPS
non-MPS
OR
PVOD

RCP
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CENTRAL MESSAGE

Acute type A aortic dissection with mesenteric malperfusion syndrome should be treated
with endovascular revascularization (fenestration/stenting) and delayed open aortic repair
to improve outcomes.
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PERSPECTIVE STATEMENT

Upfront endovascular fenestration/stenting in acute type A aortic dissection with
mesenteric malperfusion syndrome can resolve visceral malperfusion quickly and
adequately, and improve the chance of recovery from critical organ failure and survival
with subsequent open aortic repair. This approach should be considered before open
aortic repair in patients with mesenteric malperfusion syndrome.

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2020 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Yang et al. Page 15
MesMPS:
82
IR:
82
1 I
Abdominal
operation:
10
‘ v
Open Open
aortic repair: aortic repair:
3 44
Abdominal
operation:
2
Died from Died from Died from Died from  Survived Survived: Died: Survived: Survived: Survived
organ aortic organ aortic without 3 1 1 42 without
failure:  rupture: failure: rupture: open (2 days after open
15 10 5 1 aortic repair: open aortic repair:
1 aortic repair) 3
Figure 1.

Management and short-term outcomes of patients with mesenteric malperfusion syndrome.
IR = endovascular reperfusion by interventional radiology; MesMPS = mesenteric

malperfusion syndrome.
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Figure 2.
Short-term outcomes of patients with mesenteric malperfusion syndrome (MesMPS) after

endovascular reperfusion by interventional radiology (IR). IR = endovascular reperfusion by
interventional radiology; MesMPS = mesenteric malperfusion syndrome.
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Figure 3.
Overall long-term survival of patients with mesenteric malperfusion syndrome vs. those with

no (mesenteric or non-mesenteric) malperfusion syndrome (non-MPS): A. Survival since
hospital admission, all MesMPS patients (n=82) vs. non-MPS patients; B. Survival since
open aortic repair, surgical MPS patients (n=47) who underwent open aortic repair vs. non-
MPS patients.

MPS = malperfusion syndrome; Non-MPS = no malperfusion syndrome.
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Table 1.

Demographics and preoperative characteristics of all patients

All patients (n=501) MesMPS (n=82) Non-MPS (n=419) p-value

Admission variables
Age on admission (years) 59 (49, 68) 59.5 (50, 68) 59 (49, 68) 0.97
Gender (female) 151 (30) 22 (27) 129 (31) 0.48
NYHA class

1 or IV 99 (22) 8 (10) 91 (22) 0.013
CAD 88 (18) 17 (20) 71 (17) 0.41
History of MI 29 (5.8) 9 (11) 20 (4.8) 0.03
Previous cardiac surgery 50 (10) 13 (16) 37 (8.8) 0.04
Hypertension 351 (70) 65 (81) 286 (68) 0.019
COPD 44 (8.8) 7(85) 37(8.8) 0.93
Smoking status 0.96

Never smoker 232 (47) 36 (46) 196 (47)

Former smoker 126 (25) 20 (25) 106 (25)

Current smoker 138 (28) 23 (29) 115 (28)
Diabetes 27 (5.5) 2(2.7) 25 (5.9) 0.40
Creatinine on admission (mg/dL) 1.0(0.8,1.3) 1.4(1.0,2.3) 1.0(0.8,1.2) <.0001
Chronic kidney disease 19 (3.8) 8(9.9) 11 (2.6) 0.006
History of CVA 14 (2.8) 3(37) 11 (2.6) 0.71
PVOD 57 (11) 9 (11) 48 (11) 0.90
Connective tissue disorder 28 (5.6) 2(2.49) 26 (6.2) 0.29
Aortic insufficiency 0.97

None 130 (28) 21(28) 109 (28)

Trace/trivial 54 (12) 10 (13) 44 (11)

Mild 94 (20) 15 (20) 79 (20)

Moderate 83 (18) 14 (19) 69 (18)

Severe 104 (22) 15 (20) 89 (22.8)
Cardiogenic shock 38(7.8) 3(4.3) 35(8.4) 0.23
Acute stroke 12 (2.4) 10 (12) 2(0.5) <.0001
Acute paralysis 6(1.2) 6 (7.3) 0 (0) <.0001
Acute Ml 1(0.2) 1(1.2) 0 (0) 0.16
Tamponade 42 (8.4) 3 (3‘7)a 39 (9.3) 0.09
AKI 80 (16) 62 (76) 18 (4.3) <.0001

Requiring new dialysis pre-operatively 5(1.0) 5(6.1) 0(0) 0.0001
Renal malperfusion 55 (11) 55 (67) 0 (0)
Lower extremity malperfusion 53 (11) 53 (65) 0 (0)
Bowel necrosis at laparotomy 9(1.8) 9(11) 0
Max serum lactate before IR (mmol/L) NA 2.3(1.2,3.4) NA
Max serum lactate before IR = 6 mmol/L NA 7(8.5) NA

Management
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All patients (n=501) MesMPS (n=82) Non-MPS (n=419) p-value
IR 82 (16) 82 (100) 0 (0) <0.001
Time from admission to IR (days) NA 0(0,1) NA NA
Open aortic repair 466 (93) 47 (57) 419 (100) <0.001
Time from admission to aortic repair (days) 0(0,1) 7 (3, 20) 0(0,1) <.0001
Time from IR to aortic repair (days) NA 6(2,19) NA NA

Data presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables.

aThree patients developed cardiac tamponade after IR procedure due to progression of disease.

Page 19

AKI = acute kidney injury; CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; CVA = cerebrovascular accident; GFR

= glomerular filtration rate as estimated using the Cockcroft-Gault formula; IR = endovascular procedure by interventional radiology; M1 =

myocardial infarction; MPS = malperfusion syndrome; NA = not applicable; Non-MPS = no malperfusion syndrome; NYHA = New York Heart

Association; PVOD = peripheral vascular occlusive disease.
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Table 2.
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Outcomes after procedure by interventional radiology (IR) or open repair (OR) of patients with mesenteric
malperfusion syndrome (MesMPS) or no malperfusion syndrome (Non-MPS)

All patients (n=501) MesMPS (n=82) Non-MPS (n=419) p value
Reoperation for bleeding 43 (8.6) 5(6.1) 38 (9.1) 0.37
Tamponade 10 (2.0) 0(0) 10 (2.4) 0.38
Postoperative Ml 8(1.6) 2(2.4) 6(1.4) 0.62
Atrial fibrillation 165 (33) 24 (29) 141 (34) 0.43
New-onset CVA 33 (6.6) 3(37) 30 (7.2) 0.24
New-onset paraplegia 3(0.6) 1(1.2) 2(0.5) 0.42
Pneumonia 82 (16) 17 (21) 65 (16) 0.25
Reintubation 28 (5.6) 4(4.9) 24 (5.7) 1.0
Tracheostomy 17 (3.4) 14 (3.4) 3(3.7) 0.75
Post-op AKI 46 (9.2) 3(3.7) 43 (10) 0.06
Requiring new dialysis 19 (3.8) 1(1.2) 18 (4.3) 0.34
Total LOS (days) 11 (7, 18) 18 (4, 28) 10 (7, 16) 0.12

In-hospital mortality 62 (12) 32 (39) 30 (7.2) <.0001

In the MesMPS group, any complications after interventional radiology (IR) procedures or open repair (OR) were recorded as outcomes. In Non-

MPS group, any complications after open repair were recorded as outcomes. Data presented as median (interquartile range) for continuous

variables and number/total number (percentage) for categorical variables. AKI = acute kidney injury; CVA = cerebrovascular accident; LOS =

length of stay; MesMPS = mesenteric malperfusion syndrome; MI = myocardial infarction; MPS = malperfusion syndrome Non-MPS = no

malperfusion syndrome.
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Post-operative outcomes of patients with or without mesenteric malperfusion syndrome (only patients who
underwent open aortic repair)

All patients (n=466) MesMPS (n=47) Non-MPS (n=419) p value
Reoperation for bleeding 43 (9.2) 5(11) 38 (9.1) 0.79
Tamponade 10 (2.1) 0(0) 10 (2.3) 0.61
Peri-operative Ml 6(1.2) 0(0) 6(1.4) 1.0
Atrial fibrillation 162 (35) 21 (45) 141 (34) 0.14
DSWI 12 (2.5) 0(0) 12 (2.8) 0.62
New-onset CVA 33(7.1) 3(6.4) 30(7.2) 1.0
New-onset paraplegia 2(0.4) 0 (0) 2 (0.5) 1.0
Pneumonia 75 (16) 10 (21) 65 (16) 0.31
Reintubation 27 (5.8) 3(6.4) 24 (5.7) 0.75
Tracheostomy 14 (3.0) 0 (0) 14 (3.3) 0.38
Post-op AKI 45 (9.7) 2(4) 43 (10) 0.29
Requiring new dialysis 19 (4) 1(2) 18 (4) 0.71

Post-op LOS (days) 10 (7, 16) 16 (10, 23) 10 (7, 15) <.0001
Intraoperative mortality 4(0.8) 0(0) 4(0.9) 1.0
In-hospital mortality 31(6.7) 1(2.1) 30(7.2) 0.35
30-day mortality 25 (5.4) 1(2.1) 24 (5.7) 0.49
32(6.9) 1(2.1) 31(7.4) 0.23

Operative mortality a

Data presented as median (interquartile range) for continuous variables and number/total number (percentage) for categorical variables.

a: Operative mortality: Defined as in-hospital mortality or mortality within 30 days after open repair.

AKI = acute kidney injury; CVA = cerebrovascular accident; DSWI = deep sternal wound infection; LOS = length of stay; MesMPS = mesenteric

malperfusion syndrome; MI = myocardial infarction; MPS = malperfusion syndrome; Non-MPS = no malperfusion syndrome.
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