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ABSTRACT

Objectives: Mesenteric malperfusion is a feared complication of aortic dissection,
with high mortality. The purpose of this study was to systematically review in-
hospital mortality (IHM) of endovascular and surgical management of acute and
chronic Stanford type B aortic dissections (TBAD) complicated by mesenteric mal-
perfusion (MesMP).

Methods: A systematic search of English language articles was conducted in rele-
vant databases. Data on patient demographics, procedure details, and survival out-
comes were collected. Reports were classified by type of intervention performed.
Studies that failed to report patient-level outcomes based on specific intervention
performed or IHM were excluded. Retrospective chart review of previously pub-
lished data from a single institution was also performed to further identify cases
of TBAD that were managed endovascularly. The Fisher exact test was performed
to determine statistical significance.

Results: In total, 37 articles were suitable for inclusion in this systematic review,
which yielded 149 patients with a median age 55.0 years (interquartile range,
46.5-65 years) and 79% being male. Overall, in-hospital mortality was 12.8% (19/
149) and was similar between endovascular and open surgical interventions (13%
vs 11%, P¼ .99). Among endovascular strategies, IHMwas greater, although not sta-
tistically significant in the thoracic endovascular aortic repair group compared with
the fenestration/stenting without thoracic endovascular aortic repair group (24%
vs 11%, P ¼ .15).

Conclusions: Multiple strategies exist for the management of TBAD with MesMP;
however, a majority of cases were managed endovascularly. Despite advances in
therapies, mortality remains high at 13%. (JTCVS Open 2022;12:37-50)
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RESULTSMETHODS IMPLICATIONS

Most cases were managed
endovascularly.

Mortality associated with
mesenteric malperfusion

syndrome in TBAD remains high
at 13%.

Further research into dynamic
vs. static malperfusion is

required

Abbreviation: In-hospital mortality (IHM), Type B Aortic Dissection (TBAD), Mesenteric Malperfusion (Mes-MPS),
Thoracic endovascular aortic repair (TEVAR)

In-hospital mortality for TBAD and MesMP.
CENTRAL MESSAGE

Endovascular and surgical
management of type B aortic
dissection with mesenteric
malperfusion (TBAD-MesMP)
have comparable in-hospital
mortalities, which remain high
despite advances in therapies.
PERSPECTIVE
Type B aortic dissection complicated with mesen-
teric malperfusion may be managed with open,
endovascular, and hybrid treatment strategies,
all of which still have significant in-hospital mortal-
ity and necessity for bowel resection despite ad-
vances in therapy. Further research into choosing
the appropriate therapy is required.
Video clip is available online.

Type B aortic dissection (TBAD) is a life-threatening condi-
tion in which a tear develops in the intima of the aortic wall
distal to the origin of the left subclavian artery. TBADs are
often stratified into uncomplicated versus complicated to
determine management strategy. The standard of care for
uncomplicated TBAD is medical management with blood
pressure and heart rate control to prevent aortic rupture
and propagation of the dissection. Complicated TBAD de-
notes dissection accompanied by aortic rupture, refractory
pain, rapid aortic expansion, uncontrollable hypertension,
or malperfusion.1 Malperfusion refers to inadequate blood
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Abbreviations and Acronyms
CT ¼ computed tomography
IRAD ¼ International Registry of Acute Aortic

Dissection
MesMP ¼ mesenteric malperfusion
SMA ¼ superior mesenteric artery
TBAD ¼ type B aortic dissection
TEVAR ¼ thoracic endovascular aortic repair
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flow to a vascular territory and is present in approximately
20% to 30% of type B aortic dissections.1,2 Malperfusion
syndrome is decreased flow to vascular territory resulting
in tissue/end-organ necrosis and dysfunction secondary to
dissection-related impairment of blood flow. In particular,
mesenteric malperfusion (MesMP) has been associated
with a particularly poor prognosis and a significant increase
in mortality (3- to 4-fold increase).3

Diagnosis of MesMP is based on clinical, radiographic,
and laboratory features, including the presence of abdom-
inal pain (most common symptom3), bloody diarrhea,
tenderness to palpation, diminished blood flow in the supe-
rior mesenteric artery (SMA) with or without SMA throm-
bosis on computed tomography (CT) imaging, and signs of
ischemia, such as thickened bowel wall, elevated lactate,
and metabolic acidosis.4 The signs and symptoms of
MesMP can be persistent or intermittent, contributing to
the diagnostic challenge, but the symptoms often correlate
to the degree of obstruction.3 Obstruction can be dynamic,
static, or a combination of dynamic and static.5 Dynamic
obstruction results from prolapse of the dissection flap
across or into the ostium of the branch vessel, thereby ob-
structing flow with a degree of obstruction varying with
blood pressure. Paradoxically, in many cases visceral organ
perfusion improves with reduction in systemic blood pres-
sure.6,7 Dynamic obstruction can usually be resolved with
restoration of the true lumen in continuity with the heart.
In contrast, static obstruction results from extension of the
dissection into the branch vessel with inadequate or absent
reentry based on manometry. Static obstruction must be
relieved by an intervention targeting the particular mecha-
nism of true lumen compromise including stenting, throm-
bolysis, thromboembolectomy, and fenestration.

The presence of MesMP in type B aortic dissection clas-
sifies it as a complicated TBAD, therefore necessitating
intervention following initial medical stabilization. With
the advent of endovascular therapies over recent years, mul-
tiple options exist for treating complicated type B aortic
dissection, including thoracic endovascular aortic repair
(TEVAR), fenestration and stenting, and open surgical
repair.2,6,8 Endovascular therapy, specifically TEVAR, has
been established as superior to open surgical repair for
38 JTCVS Open c December 2022
complicated TBAD in multiple studies and reviews.9-12

However, the primary goal of TEVAR is to cover the
primary intimal tear to restore true lumen flow, which can
resolve dynamic obstruction but does not reliably relieve
static obstruction, which may require further intervention
such as branch vessel stenting, thrombolysis, or
thromboembolectomy. Endovascular fenestration with or
without stenting with ancillary procedures such as
thrombolysis can resolve both dynamic and static
obstructions6 in one setting. Therefore, multiple options
are available for the treatment of complicated TBAD; how-
ever, the optimal strategy remains uncertain and will depend
on the mechanism of obstruction. Herein we report a sys-
tematic review to evaluate the different treatment strategies
for TBAD complicated by MesMP syndrome.
METHODS
A systematic review was conducted of published literature on surgical

or endovascular interventions performed for TBAD complicated by

MesMP. This study was deemed exempt from formal institutional review

by the institutional review board because identifiable human subjects

were not studied. A systematic review of published literature on TBAD-

MesMP was performed in adherence to the Preferred Reporting Items for

Systematic Review and Meta-Analysis guidelines.13 Microsoft Excel (Mi-

crosoft) was used during article selection and data extraction. The present

study encompasses peer-reviewed articles written in English.

Literature Search Strategy
The PubMed database (including articles indexed in Medline), Web of

Science, and Ovid were searched from 1980 until 2020. The search was

performed using varying combinations of the following key words:

“TBAD,” or “CTBAD,” or “complicated type B,” or “aortic dissection,”

and “visceral malperfusion,” or “visceral ischemia,” or “mesenteric mal-

perfusion,” or “mesenteric ischemia,” or “renal malperfusion,” or “renal

ischemia,” or “bowel malperfusion,” or “bowel ischemia.”

Eligibility Criteria
Upon completion of the literature search, article selection was executed

in a 2-step approach involving abstract review, followed by full-text review.

First, any publications gathered during the primary literature search were

grouped by title, and duplicates were removed. Subsequently, each abstract

was assessed for relevance by 2 of the authors, and any interauthor

disagreement concerning article relevance was discussed between the au-

thors; if agreement could not be reached, the article was arbitrated by the

senior corresponding author. Exclusion criteria during the abstract review

phase are outlined in the Preferred Reporting Items for Systematic Review

and Meta-Analysis flow diagram (Figure 1); studies were excluded for the

following reasons: (1) study did not report type B aortic dissection; (2)

study did not report patients who had visceral ischemia as a presenting

sign; (3) study did not report an endovascular or surgical intervention;

(4) study was unrelated, that is, involving ischemia of nonaortic etiology,

interventions on non-native aorta, laboratory measurement studies, diag-

nostic techniques, or animal or in vitro studies; (5) study abstract was

not written in English; (6) study was a conference abstract, letter to editor,

commentary, review article, or meta-analysis article; or (7) study abstract

was unavailable. In some instances, studies that did not explicitly state

our inclusion criteria but were suggestive thereof were advanced to full-

text review for further evaluation.

Any study of humans involving the performance of surgical or endovas-

cular intervention with measured outcomes of effectiveness and efficacy



Record identified through
database searches (N = 934)

Record identified through
reference list search (N = 54)

Records removed (n = 313)
    • 106 Type A dissection
    • 62 Unrelated
    • 48 No visceral or non-visceral ischemia
    • 37 Review, Meta-analysis, or Commentary
    • 27 No intervention data
    • 27 Non-English study
    • 6 Unavailable

Records removed (n = 89)
    • 25 Failure to separate visceral ischemia data
    • 19 Non-visceral ischemia
    • 18 Unavailable
    • 8 Registry
    • 6 Unrelated
    • 6 No patient data
    • 5 No intervention data
    • 2 Non-English study

Records after duplicates
removed (n = 385)

Records screened by titles
and abstracts (n = 439)

Full-text articles assessed
for eligibility (n = 126)

Studies included in
qualitative and quantitative

analysis (n = 37)

FIGURE 1. PRISMA flow diagram documenting the selection process for articles included in the meta-analysis. No TBAD category includes papers

focused on: TAAD, or non-A non-B aortic dissection. Unrelated category includes papers focused on: ischemia of non-aortic etiology, interventions on

non-native aorta, laboratory measurement studies, diagnostic techniques, or animal or in-vitro studies. PRISMA, Preferred Reporting Items for Systematic

Review and Meta-Analysis; TBAD, type B aortic dissection; TAAD, type A aortic dissection.
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was moved into the second phase of article selection. Exclusion criteria for

full-text reviewwere as follows: (1) study failed to separate type B and type

A or non-A non-B dissection data; (2) study failed to separate mesenteric

ischemia from renal ischemia; (3) study full-text did not report patients

who had mesenteric ischemia as a presenting sign; (4) study full-text did

not report a surgical or endovascular intervention; (5) the study full-text

was unrelated as described in abstract review criteria; (6) the study used na-

tional or international registry data; (7) the study full-text was not written in

English; (8) the study failed to present patient-level data; (9) the study full-

text was unavailable; and (10) the study failed to present in-hospital mor-

tality. Potentially duplicated cohorts by the same authors were avoided by

extensively reviewing study periods, patient selection methods, patient

characteristics, and procedural/surgical technique. In these situations, the

study with the largest patient cohort was chosen. When there was disagree-

ment regarding article inclusion, a third author was consulted. No new

studies were identified when the reference lists of these full-text studies

were reviewed. Studies were carefully reviewed to ensure that there were

no overlapping patient populations.

Analysis Techniques
Demographic and independent variables extracted include male to fe-

male ratio, age, type of aortic dissection treated (acute vs chronic), clinical

presentation (ie, additional types of ischemic syndromes), and type of inter-

vention. Retrospective chart review of previously published data from a

single institution was performed to identify demographic variables that

were not available in the published manuscript. Outcome (dependent) mea-

sures recorded include in-hospital mortality, need for additional surgeries,

need for bowel resection, and length of stay.

Statistical analysis was performed using SPSS, version 25 (IBM Corp).

The Fisher exact test was used for comparison of all categorical variables.

The Mann–Whitney U test was used to compare distributions of age in the

endovascular and surgical treatment groups. Since some of the articles in
the analysis had more than 1 patient, a binary logistic regression was per-

formedwith article as random effect and type of intervention (endovascular

vs surgical) as fixed binary variable to look for possible association of out-

coming among patients from the same article.
RESULTS
Studies Meeting Inclusion Criteria
In total, 385 articles were identified, of which 348 were

excluded (Figure 1). No randomized controlled trials were
found comparing the various surgical and endovascular
treatment options for MesMP syndrome associated with
type B aortic dissection. Review of the bibliographies of
included articles yielded 54 additional studies. In total, 37
articles comprising 10 retrospective reviews and 27 case re-
ports were included. A summary of these studies is provided
in Table 1, and their respective outcomes in Table 2.
Demographics and Presentation
In total, 149 patients with MesMP (117 male/31 female;

median age 55.0 years (interquartile range [IQR] 46.5-
65 years)) were identified in the study. The cohort
comprised 148 adults and 1 pediatric patient, an 11-year-
old female (Leprince and colleagues20). The etiology of
type B aortic dissection was only reported in 73% of
studies, with the most common reported cause being hyper-
tension/idiopathic. Two patients had Marfan syndrome
(Payabyab and colleagues,24 Wang and colleagues40), and
JTCVS Open c Volume 12, Number C 39



TABLE 1. Patient and study demographics

Study

Type of

study

Total

patients

in study

Total

patients

with

MesMP

Median

age, y

Sex ratio

(M:F) Etiology Chronicity

Clinical

presentation

Additional

malperfusion?

Shiya et al, 200714 RCS 51 1 55 1:0 N/P Acute N/P* R

Miyachi et al,

201415
CR 1 1 48 1:0 HTN Acute Back pain,

elevated LFTs

No

Suzuki et al,

201516
CR 1 1 50 1:0 HTN Acute Acute back/chest

pain, normal

labs

No

Yamakado et al,

199817
CR 1 1 58 1:0 HTN Acute Severe abdominal

pain

No

Yoshiga et al,

201518
CR 1 1 69 1:0 HTN, hx of

EVAR

Acute Worsening

abdominal pain

and melena

LE

Kazimerczak et al,

201819
CR 1 1 11 0:1 Idiopathic (no

marfanoid

features)

Acute Chest pain,

peritonitis,

sepsis

R

Leprince et al,

200420
CR 1 1 63 unk N/P Acute Abdominal pain No

Ito et al, 200321 CR 1 1 72 1:0 HTN Acute Paralytic ileus and

occult blood in

gastric drainage

R þ LE

Bao et al, 201022 CR 1 1 50 1:0 N/P Acute Acute abdominal

pain

No

Chang et al,

200123
CR 1 1 69 1:0 HTN Acute Severe abdominal

pain, ileus

R þ LE

Payabyab et al,

201724
CR 1 1 29 0:1 MFS, HTN Acute on chronic Acute abdominal

pain

No

Petrilli et al,

201325
CR 1 1 46 0:1 N/P Acute Acute abdominal

pain

LE

Santo et al, 200726 CR 1 1 56 0:1 N/P Acute Elevated LFTs,

back pain

R

Son et al, 201227 CR 1 1 76 0:1 N/P Acute Abdominal pain R

Iyer et al, 200928 CR 1 1 77 1:0 HTN, hx of

EVAR

Acute Abdominal pain,

elevated lactate,

LFTs, amylase

R þ LE

Verhoye et al,

200829
RCS 16 3 40 (40-46) 1:2 HTN Acute Variable LE (1), Rþ LE (1)

Slonim et al,

199630
RCS 9 5 47 (42-62) 3:2 HTN 3 Acute

2 Chronic

Variable R þ LE (2)

Sfyroeras et al,

201131
RCS 23 5 63 (60-71) 4:1 HTN Acute Variable R (1), R þ LE þ S

(1)

Lai et al, 201832 CR 1 1 52 1:0 HTN Acute Intermittent

abdominal pain

R

Filippone et al,

201333
CR 1 1 67 1:0 HTN Acute Persistent

abdominal pain

No

Howell et al,

199734
CR 1 1 40 1:0 HTN Acute Abdominal pain,

bloody stool,

perforated

colon on CT

R

(Continued)
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TABLE 1. Continued

Study

Type of

study

Total

patients

in study

Total

patients

with

MesMP

Median

age, y

Sex ratio

(M:F) Etiology Chronicity

Clinical

presentation

Additional

malperfusion?

Kalangos et al,

201435
CR 1 1 47 0:1 HTN Acute Persistent

abdominal pain

R

Kuo et al, 201336 CR 1 1 58 1:0 HTN Acute Back and

abdominal pain,

elevated LFTs

R þ LE

Kurumisawa et al,

201537
CR 1 1 56 1:0 HTN Acute Acute abdominal

pain, elevated

LFTs and

lactate

R

Okada et al,

200538
CR 1 1 75 0:1 N/P Acute Acute abdominal

pain

LE

Saitoh et al,

201239
CR 1 1 68 1:0 N/P Acute Severe acute back

and abdominal

pain

No

Wang et al, 199940 CR 1 1 32 0:1 MFS, HTN Acute Severe abdominal

pain, vomiting,

and bloody

diarrhea

LE

Yamashiro et al,

200441
CR 1 1 63 1:0 HTN Acute Severe abdominal

pain

No

Kim et al, 201442 CR 1 1 78 1:0 Ascending aorta

replacement,

HTN

Acute Severe back and

abdominal pain

LE

Trimarchi et al,

201043
RCS 21 4 54 (52-56) 4:0 HTN Acute Variable R (2), LE (1)

Williams et al,

19905
CR 1 1 46 1:0 HTN Acute Severe back pain LE

Axtell et al, 202044 CR 3 3 58 (39, 76) 3:0 N/P Acute N/P* No

Panneton et al,

200045
RCS 11 2 72 (68, 76) 1:1 HTN Acute Variable R (1), R þ LE (1)

Lauterbach et al,

200146
RCS 187 8 50 (45, 57) 8:0 N/P Acute N/P* R (1), LE (1),

R þ LE (3)

Uchida et al,

200947
RCS 130 15 63 (53, 72) 9:6 N/P Acute Variable LE (4), Rþ LE (4)

Vedantham et al,

200348
RCS 11 4 46 (41, 51) 4:0 HTN (4),

cocaine (1)

Acute Severe abdominal

pain, GI

bleeding (1),

metabolic

acidosis (3)

R (1), R þ LE (3)

Norton et al, 20206 RCS 182 73 53 (46, 61) 62:11 N/P Acute Variable R (17), LE (10),

R þ LE (36),

S (1)

MesMP, Mesenteric malperfusion; M, male; F, female; RCS, retrospective case series; N/P, not provided; CR, case report; HTN, hypertension; LFT, liver function test;

hx, history; EVAR, endovascular aortic repair; LE, lower extremity; R, renal; unk, unknown; MFS, Marfan syndrome; CT, computed tomography; GI, gastrointestinal; S, spinal.

*For Shiya et al. 2007, and Axtell et al. 2020, the clinical presentation for mesenteric malperfusion was not provided.
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1 patient reportedly was using cocaine before the dissection
(Vedantham and colleagues48). There were no reported
cases of aortic dissection secondary to trauma. Three
patients had a previous history of aortic surgery for aneu-
rysmal disease (Yoshiga and colleagues,18 Iyer and col-
leagues,28 and Kim and colleagues42). The aortic
JTCVS Open c Volume 12, Number C 41



TABLE 2. Procedural and clinical outcomes

Study

Total

patients

with

MesMP Intervention

Clinical

success (%) IHM

Additional

surgery/

procedure?

Need for

bowel

resection?

Major

complications

LOS, d,

median

(first, third

quartile)

Follow-up,

mo

Shiya et al, 200714 1 BS (SMA) 100 0 Diagnostic

laparoscopy

N N N/P N/P

Miyachi et al, 201415 1 E-Fen þ AS 100 0 N N N 21 12

Suzuki et al, 201516 1 BS (SMA) 100 0 Diagnostic

laparoscopy; total

arch replacement

N Conversion to TAAD

on POD7

90 24

Yamakado et al,

199817
1 BS (SMA) 100 0 N N N 30 12

Yoshiga et al, 201518 1 TEVAR 100 0 N N N N/P 6

Kazimerczak et al,

201819
1 TEVAR þ BS (SMA) 100 0 N N Intraprocedural PEAs,

but ROSC

21 N/P

Leprince et al, 200420 1 TEVAR 100 0 N N N N/P 3

Ito et al, 200321 1 AS 100 0 N N N N/P 19

Bao et al, 201022 1 TEVAR 100 0 Exploratory

laparotomy

Y N N/P N/P

Chang et al, 200123 1 TEVAR 100 0 N N N N/P 2

Payabyab et al, 201724 1 TEVAR 100 0 N N N 4 N/P

Petrilli et al, 201325 1 TEVAR 100 0 N N N N/P N/P

Santo et al, 200726 1 TEVAR 0 1 N N TAAD and

intrapericardial

rupture with

cardiac arrest,

death on POD14

14 N/P

Son et al, 201227 1 TEVAR 100 0 N N N 16 12

Iyer et al, 200928 1 TEVAR 100 0 N N N 21 11

Verhoye et al, 200829 3 3 TEVAR 66.7 1 Exploratory

laparotomy (1)

Y Multiorgan failure (1) N/P N/P

Slonim et al, 199630 5 1 AS

1 AS þ BS (SMA)

2 E-Fen

1 E-Fen þ AS

100 0 Exploratory

laparotomy (1)

Y Acute renal failure (1) N/P N/P

Sfyroeras et al, 201131 5 5 TEVAR 60 2 N N Respiratory failure (2) 8.5 (4.8, 12.5) 12

Lai et al, 201832 1 BS (CA) 100 0 N N N N/P 1

(Continued)
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TABLE 2. Continued

Study

Total

patients

with

MesMP Intervention

Clinical

success (%) IHM

Additional

surgery/

procedure?

Need for

bowel

resection?

Major

complications

LOS, d,

median

(first, third

quartile)

Follow-up,

mo

Filippone et al, 201333 1 OAR (Graft) þ S-Fen 100 0 N* N N N/P 12

Howell et al, 199734 1 OAR (Graft) 100 0 N* Y N N/P 12

Kalangos et al, 201435 1 E Fen þ BS

(SMA) þ DB (Ao-

SMA)

100 0 N N N 21 16

Kuo et al, 201336 1 IDB (Ax-Fem) 100 0 N N N 21 14

Kurumisawa et al,

201537
1 OAR (S-Fen) 100 0 N* N N 16 N/P

Okada et al, 200538 1 DB (LEIA-

Ileocolic þ LEIA-

GEA)

100 0 N N N N/P 7

Saitoh et al, 201239 1 OAR (S-Fen) 100 0 N* Y N N/P N/P

Wang et al, 199940 1 OAR (Graft) 100 0 Additional

exploratory

laparotomy

Yy N N/P N/P

Yamashiro et al,

200441
1 DB (RCIA-SMA and

GDA)

100 0 N* N N N/P 12

Kim et al, 201442 1 IDB (Fem-Fem then

Ax-Fem bypass)z
100 0 N N N N/P 12

Trimarchi et al, 201043 4 4 OAR (S-Fen) 75 1 N N Multiorgan failure (1) N/P 192 (138, 216)

Williams et al, 19905 1 E Fen 100 0 N N Chronic mesenteric

ischemia

35 NP

Axtell et al, 202044 3 1 hybridx
2 hybridx þ BS

(SMA)

100 0 N N CVA (1) 15.0 (12.5, 21.5) N/P

Panneton et al, 200045 2 1 OAR (S-Fenþ graft)

1 TEVAR þ E-Fen

50 1 (patient with OAR) N N Acute renal failure (1) N/P N/P

Lauterbach et al,

200146
8 6 OAR (S-Fen)

1 E-Fen þ BS (SMA)

1 OAR (Graft)

87.5 1 (patient with E-

fen þ BS)

N* Y (1) Multi-organ failure

(1), Permanent

dialysis (1)

17.5 (15, 28) N/P

Uchida et al, 200947 15 1 TEVAR

2 BS (CA/SMA,

SMA)

10 OAR (8 AS,

2 S-Fen)

2 DB (SMA)

80 3 (1 TEVAR, 2 OAR) N* Y (1) Multi-organ failure

(2), Intra-operative

aortic injury from

sheath during

TEVAR (1)

N/P 45 (16, 60)
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dissection was classified as acute in 98% (146/149) of
cases, acute-on-chronic in 0.7% (1/149) of cases, and
chronic in 1.3% (2/149) of cases.

Clinical presentation was reported in 91.8% (34/37) of
studies. Presentation and symptoms are reported in Table 1.
The most common symptom in patients with MesMP was
abdominal pain. Other concomitant clinical and radio-
graphic malperfusion are reported in Table 1. MesMP was
the sole ischemic complication in 26% (38/149) of patients
and was accompanied by renal malperfusion alone in
22.1% (33/149) of patients, lower-extremity malperfusion
alone in 15.4% (23/149), and both renal and lower-
extremity malperfusion in 36.9% (55/149).

Treatment
Surgical and endovascular treatments were performed in

35 of 149 (23.5%) and 112 of 149 (75.2%) patients, respec-
tively, whereas 2 patients (1.3%) had combination proced-
ures. In the surgical group, open aortic reconstruction (open
fenestration, open stenting, or open aortic replacement with
graft), direct anatomic bypass, or indirect anatomic bypass
were performed in 29 of 35 (82.8%), 4 of 36 (11.4%), and 2
of 35 (5.7%) cases, respectively. In the endovascular group,
a thoracic endograft or an aortic stent alonewas placed in 22
of 112 (19.6%) of cases, percutaneous fenestration alone
was performed in 5/112 (4.5%) of cases, and branch stent-
ing alone was performed in 17 of 112 (15.2%) of cases.
A combination of TEVAR or aortic stent þ fenestration,
TEVAR or aortic stent þ branch stenting, or
fenestration þ branch stenting was performed in 22 of
112 (19.6%), 5 of 112 (4.5%), 41 of 112 (36.6%), and of
cases, respectively. Overall, 43.7% (49/112) of patients
had only aortic interventions, whereas 56.3% (63/112)
required a branch vessel intervention. Two patients had
combination procedures, including one patient who had
aortic fenestration then 6 hours later an SMA stent placed
immediately followed by open direct anatomic bypass
(n¼ 1)35 and 1 patient an open ascending/arch replacement
with frozen elephant trunk and branch vessel stenting
(n ¼ 1).44 Preoperative demographics, including age, sex,
and dissection type, were similar between the endovascular
and open repair groups. Concomitant renal, lower extrem-
ity, or renal þ lower-extremity malperfusion was also
similar between these 2 groups (Table 3).

Procedural/Surgical Outcomes
Overall in-hospital mortality was 12.8% (19/149). A

summary of procedural and clinical outcomes is provided
in Table 2. Clinical success, defined as resolution of malper-
fusion without in-hospital mortality, was similar between
surgical and endovascular approaches (86.1% vs 84.4%)
as was in-hospital mortality (11.4% vs 13.4%, P ¼ .762).
Necessity for bowel resection was also similar between sur-
gical and endovascular approaches (14.3% vs 9.8%,



TABLE 3. Demographics, procedures, and outcomes among the open and endovascular repair treatment strategies for TBAD and MesMP

Total

(n ¼ 149)

Open repair

(n ¼ 35)

Endovascular repair

(n ¼ 112) P value

Demographics

Age 55 (46, 65) 57 (48, 68) 53.5 (46, 63) .103

Sex, male 117 (79) 28 (80) 88 (79) .532

Dissection type

Acute 146 (98) 35 (100) 109 (97)

Acute-on-chronic 1 (0.7) 0 (0) 1 (0.9) .439

Chronic 2 (1.3) 0 (0) 2 (1.8)

Additional malperfusion

Renal 33 (22) 5 (14) 26 (23)

Lower extremity 23 (15) 9 (26) 14 (12.5) .074

Renal þ lower extremity 55 (37) 9 (26) 46 (41)

Procedure

Aortic fenestration 87 (58) 16 (46) 70 (62.5) .059

Aortic stenting 40 (27) 10 (29) 29 (26) .455

Branch vessel stenting* 48 (32) 1 (2.9) 45 (40) <.005

Open aortic replacement 9 (6.0) 7 (20) 0 (0) <.005

Open bypass* 5 (3.4) 4 (11) 0 (0) .003

Outcomes

Bowel resection 17 (11) 5 (14) 11 (9.8) .267

In-hospital mortality 19 (13) 4 (11) 15 (13) .509

Data presented as median (25%, 75%) for continuous data and n (%) for categorical data. TBAD, Type B aortic dissection; MesMP, mesenteric malperfusion. *Branch vessel

stenting and open bypass for the treatment of mesenteric malperfusion, stenting and bypass for other vascular territories not included.
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P ¼ .459) (Table 3). Within the surgical approach group
(n ¼ 35), systemic complications included multiorgan fail-
ure (n ¼ 3), and acute renal failure (n ¼ 2). Within the
TABLE 4. Demographics, procedures, and outcomes among surgical strat

Total

(n ¼ 35)

Open aortic replaceme

(n ¼ 7)

Demographics

Age 57 (48, 68) 57 (40, 63)

Sex, male 28 (80) 6 (86)

Dissection type

Acute 35 (100) 7 (100)

Acute-on-chronic 0 (0) 0 (0)

Chronic 0 (0) 0 (0)

Additional malperfusion

Renal 5 (14) 2 (29)

Lower extremity 9 (26) 1 (14)

Renal þ lower extremity 9 (26) 2 (29)

Procedure

Aortic fenestration 16 (46) 2 (29)

Aortic stenting 10 (29) 2 (29)

Branch vessel stentingy 1 (2.9) 1 (14)

Open aortic replacement 7 (20) 7 (100)

Open bypassy 4 (11) 0 (0)

Outcomes

Bowel resection 5 (14) 3 (43)

In-hospital mortality 4 (11) 1 (14)

Data presented as median (25%, 75%) for continuous data and n (%) for categorical data

branch vessel thrombectomy, branch vessel fenestration, and branch vessel patch repair. yB
stenting and bypass for other vascular territories not included.
endovascular approach group (n ¼ 112), systemic compli-
cations included conversion to type A dissection during TE-
VAR (n¼ 2), intraoperative aortic injury from sheath during
egies for TBAD and MesMP

nt

Open fenestration or

stenting

(n ¼ 21)

Vascular bypass or other*

(n ¼ 7)

56 (47, 65) 68 (61, 77)

16 (76) 6 (86)

21 (100) 7 (100)

0 (0) 0 (0)

0 (0) 0 (0)

3 (14) 0 (0)

6 (29) 2 (29)

5 (24) 2 (29)

13 (62) 0 (0)

8 (38) 0 (0)

0 (0) 0 (0)

0 (0) 0 (0)

0 (0) 4 (57)

0 (0) 2 (29)

3 (14) 0 (0)

. TBAD, Type B aortic dissection; MesMP, mesenteric malperfusion. *Other includes

ranch vessel stenting and open bypass for the treatment of mesenteric malperfusion,
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TABLE 5. Demographics, procedures, and outcomes among open endovascular strategies for TBAD and MesMP

Total

(n ¼ 112)

Any TEVAR

(n ¼ 21)

Fenestration/stenting w/o

TEVAR (n ¼ 91) P value

Demographics

Age 53.5 (46, 63) 60 (46, 69) 53 (46, 61) 405

Sex, male 88 (79) 11 (55) 77 (85) <.005

Dissection type .215

Acute 109 (97) 20 (95) 89 (98)

Acute-on-chronic 1 (0.9) 1 (4.8) 0 (0)

Chronic 2 (1.8) 0 (0) 2 (2.2)

Additional malperfusion .558

Renal 26 (23) 4 (19) 22 (24)

Lower extremity 14 (12.5) 4 (19) 10 (11)

Renal þ lower extremity 46 (41) 5 (24) 41 (45)

Procedure

Aortic fenestration 70 (62.5) 0 (0) 70 (77) <.005

Aortic stenting 29 (26) 2 (9.5) 27 (30) .094

Branch vessel stenting* 45 (40) 2 (9.5) 43 (47) <.005

Outcomes

Bowel resection 11 (9.8) 2 (9.5) 9 (9.9) .999

In-hospital mortality 15 (13) 5 (24) 10 (11) .153

Data presented as median (25%, 75%) for continuous data and n (%) for categorical data. TEVAR, Thoracic endovascular aortic repair; TBAD, type B aortic dissection;MesMP,

mesenteric malperfusion. *Branch vessel stenting for the treatment of mesenteric malperfusion, stenting and bypass for other vascular territories not included.
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TEVAR (n¼ 1), multiorgan failure (n¼ 2), respiratory fail-
ure (n ¼ 2), acute renal failure (n ¼ 1), and subacute
ischemic infarcts with right-sided weakness (n ¼ 1).
Among the 2 patients receiving combination procedures,
50% (1/2) required a bowel resection and in-hospital mor-
tality was 0%.

Within the surgical approaches, bowel resection was per-
formed in 42.9% (3/7) of patients undergoing open aortic
replacement, 0% (0/21) of patients undergoing open aortic
fenestration or stenting, and 28.6% (2/7) of patients
TABLE 6. Logistic regression of study author and intervention on in-hosp

Coefficient S

Intervention 1.121

Endovascular

Surgical 1.121

Study

Verhoye et al, 200829

Slonim et al, 199630 19.060

Sfyroeras et al, 201131 18.120

Trimarchi et al, 201043 20.642

Panneton et al, 200045 19.676

Lauterbach et al, 200146 �1.121

Uchida et al, 200947 20.104

Vedantham et al, 200348 19.533

Norton et al, 20206 �1.121

Axtell et al, 202044 19.388
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undergoing open bypass or other open procedure. In-
hospital mortality was 14.3% in the open aortic replace-
ment group, 14.3% in the open aortic fenestration or stent-
ing group, and 0% in the open bypass or other open
procedure group (Table 4). Statistical testing evaluating sig-
nificance of difference between these subgroups was not
performed given the small sample size and bias associated
with multiple testing. Within the endovascular approaches,
necessity for bowel resection was similar between any TE-
VAR and fenestration/stenting without TEVAR groups
ital mortality

tandard error Wald test P value

1.154 0.944 .331

1.154 0.944 .331

5.815 .758

28,421.33 0.000 .999

28,421.33 0.000 .999

28,421.33 0.000 .999

28,421.33 0.000 .999

33,628.37 0.000 1.000

28,421.33 0.000 .999

28,421.33 0.000 .999

34,808.63 0.000 1.000

28,421.33 0.000 .999
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FIGURE 2. Diagram depicting the in-hospital mortality (IHM) of surgical repair (11.4%) versus endovascular repair (13.4%). Within the endovascular

repair group (n¼ 112), in-hospital mortality was 24% in the TEVAR group versus 11% in the fenestration/stenting group. TEVAR, Thoracic endovascular

aortic repair; MesMP, mesenteric malperfusion; TBAD, type B aortic dissection.
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(9.5% vs 9.9%, P ¼ .999), while in-hospital mortality was
greater in the any TEVAR group (24% vs 11%) although
not statistically significant (P ¼ .153) (Table 5).

Logistic regression did not demonstrate a significant
relationship between the article published or type of inter-
vention (endovascular vs surgery) with in-hospital mortal-
ity, P values of .758 and .331, respectively (Table 6).

Length of stay was presented was presented in 16 studies,
which corresponded to pooled median of 12.5 days (IQR, 8-
21 days) (n¼ 98). Twenty studies reported data on how long
they followed patients, which corresponded to a pooled me-
dian of 16 months (IQR, 12-49.5 months) (n ¼ 38).

DISCUSSION
In this systematic review, we analyzed type B aortic

dissection complicated by MesMP and the variety of strate-
gies for the management of this serious condition.We found
that TBADþMesMPwas managed endovascularly in 75%
of cases, surgically in 23%, and with open þ endovascular
combination in 2% of cases (Figure 2). Bowel resection
was performed in 11% of patients, and overall in-hospital
mortality was 12.8% and was similar between endovascular
and surgical strategies (13% vs 11%). This study under-
scores the severity of TBAD with MesMP as well as many
differentmanagement strategies.A summary of the findings,
as well as an example case of endovascular management of
TBAD þMesMP is presented in the Video Abstract.

The management of aortic disease has seen an evolution
in treatment strategywith the advent of new technologies, in
particular endovascular therapies such as stent grafting. The
increased use of endovascular therapies as seen in Interna-
tional Registry of Acute Aortic Dissection (IRAD)49 was
evident in this review, with 71% of cases treated endovasc-
ularly through 2007 and 81% of cases after 2007. However,
over the past 13 years,�20% of TBADs with MesMP were
managed with an open surgical strategy or combination
endovascular and open strategy. Due to the many treatment
strategies available, multiple aspects need to be considered
when deciding the optimal strategy for each patient. First,
one must consider the capabilities of both institution and
physician as well as the working relationship between spe-
cialties of interventional radiology, cardiothoracic surgery,
vascular surgery, and general surgery. The facility and
physician must be comfortable with the chosen strategy.
The highly variable strategies presented in this review high-
light the differences in practice patterns, with each noncase
report manuscript predominantly presenting one treatment
option. For example, the studies by Verhoye and col-
leagues29 and Sfyroeras and colleagues31 present TEVAR,
the study by Trimarchi and colleagues43 presents open sur-
gical fenestration, the study by Axtell and colleagues44 pre-
sents a hybrid approach with open total arch replacement
and frozen elephant trunk placement, and the study by Nor-
ton and colleagues6 presents endovascular fenestration/
stenting. Second, the specific patient must be considered,
including age, sex, comorbidities, dissection characteristics
and extent, vascular territories malperfused, and type of
malperfusion.
As pioneered by Williams and colleagues,5 obstruction

caused by aortic dissection can be static, dynamic, or a com-
bination of the two, with the different etiologies deter-
mining treatment strategy. Dynamic obstruction results
from the dissection flap of a collapsed true lumen prolaps-
ing across the orifice of a branch vessel, such as the SMA,
prohibiting flow into the branch vessel. Dynamic obstruc-
tion can be intermittent and vary in severity depending on
the blood pressure. Static obstruction results from extension
of dissection into a branch vessel without adequate re-entry,
often causing false lumen thrombosis in the branch artery.
While dynamic obstruction can be treated with open aortic
repair or TEVAR with covering of the intimal tear, static
obstruction usually requires targeted branch vessel
JTCVS Open c Volume 12, Number C 47
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intervention such as branch vessel stenting, thrombolysis,
or thromboembolectomy. Therefore, the first step in manag-
ing TBAD with suspected MesMP (which presumes the
physicians have some imaging confirmation of the dissec-
tion and some appreciation of the ongoing mechanism of
possible obstruction) should be blood pressure control to
limit severity of dynamic obstruction. In this review, 32%
of patients required branch vessel stenting, and 3% had a
direct vascular bypass, suggesting the presence of static
obstruction. However, this is much lower than that reported
in patients with TBAD and visceral malperfusion in an
IRAD study,49 in which �80% had evidence on CT scan
of branch vessel involvement. Among those undergoing en-
dovascular management, branch vessel stenting was much
more prevalent in the fenestration/stenting group compared
to the TEVAR group (47% vs 9.5%, P<.005). Therefore,
in patients in which static obstruction is suspected (ie, those
with branch vessel involvement on CT), endovascular
fenestration/stenting could be the preferred strategy so
that both dynamic and static obstruction can be addressed
at the time of intervention.

With each patient in mind, risks of each procedure should
be considered. For an open strategy, can a patient tolerate
that open procedure? The strategy of open arch replacement
with frozen elephant trunk requires cardiopulmonary
bypass and crossclamping of the aorta. TEVAR requires
an adequate landing zone and has associated risks,
including retrograde type A dissection (n ¼ 2 in this sur-
vey), risk of paralysis (not captured in this review) due to
false lumen or intercostal artery thrombosis (not reported
with fenestration/stenting6), and determining if it can
resolve the malperfusion, especially if there is static
obstruction, and risk of graft infection, especially in the
presence of dead bowel. Fenestration/stenting allows quick
assessment of hemodynamics and enables each branch
vessel to be investigated,50 but it requires expertise from in-
terventional radiology and is not available at all hospitals.
Complications of infradiaphragmatic arterial obstruction
in this study, including renal failure and multisystem organ
failure, were present in patients treated by both surgical and
endovascular strategies. Two patients (1.8%) who under-
went endovascular management, both TEVAR, suffered
conversion to type A dissection. Each intervention and asso-
ciated risks need to be considered for each specific individ-
ual patient, and the selected strategy should be tailored to
the patient. In addition, the available physician and treat-
ment team partially determines the choice of treatment.
For example, if a cardiac surgeon is managing the patient,
TEVAR is a valid option, but if an interventional radiologist
is on the aortic team, then endovascular fenestration/stent-
ing is also an option. Ideally, all of the treatment strategies
are tools in the toolbox in the management of TBAD with
MesMP, and the optimal treatment strategy will vary by fa-
cility, physician, and patient.50 Hospitals can consider
48 JTCVS Open c December 2022
incorporating a MesMP response team to get all experts
on board and decide on a patient-specific treatment, as
numerous hospitals have done for the management of pul-
monary embolism.51,52

Following visceral reperfusion, a surgical consult
should be placed to determine whether diagnostic laparos-
copy/exploratory laparotomy is required, as it has been
shown to decrease mortality.53 Discriminating between
adequate and inadequate mesenteric perfusion by visual
and manual inspection of the bowel is more reliable after
endovascular relief of obstruction of the SMA. In some
circumstances, local surgical and endovascular facilities
can enable bowel inspection at the time of reperfusion,
as seen in included reports.33,34,37,39,41,47 In total, 17%
(25/149) underwent diagnostic laparoscopy/exploratory
laparotomy and bowel inspection, and 11% (17/149) un-
derwent bowel resection, with similar rates of bowel resec-
tion among endovascular and open surgical strategies
(10% vs 14%).

The overall in-hospital mortality of 13% for MesMP in
this review is likely underestimated secondary to publica-
tion bias, since any visceral ischemia in the setting of
TBAD is associated with a mortality of 31% per IRAD
data.49 Variable institutional definitions of malperfusion
may also affect IHM. Endovascular and surgical manage-
ment groups had similar mortality (11% vs 13%) in this
cohort of TBAD with MesMPS, underscoring the severity
of MesMPS in the setting of TBAD. In addition, malperfu-
sion of additional vascular territories is associated with an
increase in mortality.54

This study is limited by available data and reported out-
comes in manuscripts; therefore, more specific complica-
tion rates and hospital lengths of stay were unable to be
determined. This study is also limited by sample size with
a possibility of type II error. There are currently no standard
guidelines for reporting of clinical outcome measures or
mortality data, and thus a more general definition of in-
hospital mortality was used as described above and no
time-dependent patient outcomes, such as 30-day mortality,
were analyzed. We hope this study serves as an impetus for
future studies to present this data. In addition, the anatom-
ical spectrum of SMA obstruction is not reported in most re-
views, which limits comparison of mechanisms. There are
currently no large prospective data sets comparing combi-
nations of endovascular modalities, especially in the treat-
ment of complicated TBAD. Future studies that compare
these modalities, specifically looking at static versus dy-
namic malperfusion, are warranted.

CONCLUSIONS
Type B aortic dissection complicated with MesMP is a

serious condition with open, endovascular, and hybrid treat-
ment strategies available. Necessity for bowel resection and
in-hospital mortality was similar between open and
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endovascular strategies; however, endovascular manage-
ment is the most commonly used strategy.
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