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ABSTRACT

Objective: Spontaneous isolated celiac artery dissection (SICAD) and spontaneous isolated superior mesenteric artery
dissection (SISMAD) represent the major types of spontaneous visceral artery dissection. However, no quantitative meta-
analysis of SICAD and SISMAD is available. The aim of our study was to pool current evidence concerning basic profiles,
treatment strategies, long-term adverse events, and morphologic changes of lesioned vessels in SICAD and SISMAD patients.

Methods: We searched the MEDLINE, Embase, Scopus, and Cochrane Databases (January 1, 1946-September 21, 2017) for
studies of SICAD and SISMAD. Related cohort studies or case series with sample size larger than 10 were included. Two re-
viewers independently extracted and summarized the data. Arandom-effects model was used to calculate pooled estimates.

Results: In total, 43 studies were included. An estimated 8% (95% confidence interval [Cl], 0.01-0.21) symptomatic SICAD
and 12% (95% CI, 0.06-0.19) symptomatic SISMAD patients with initial conservative management required secondary
intervention during follow-up, whereas none of the asymptomatic patients treated conservatively required secondary
intervention. As for morphologic changes during follow-up, a higher proportion of SICAD patients (64%:; 95% Cl, 0.47-0.80)
achieved complete remodeling compared with SISMAD patients (25%; 95% Cl, 0.19-0.32), and an estimated 6% (95% Cl,
0.00-0.16) of SICAD and 12% (95% CI, 0.05-0.20) of SISMAD patients had morphologic progression. Overall, the pooled
estimate of long-term all-cause mortality was 0% (95% ClI, 0.00-0.03) in SICAD and 1% (95% CI, 0.00-0.02) in SISMAD.
When stratified by symptoms, symptomatic patients were associated with a significantly increased probability of
accomplishing complete remodeling (odds ratio, 3.95; 95% Cl, 1.31-11.85) compared with asymptomatic patients.

Conclusions: Initial conservative treatment is safe for asymptomatic SICAD or SISMAD patients. Symptomatic patients
managed conservatively have relatively high occurrence of late secondary intervention, which may require closer
surveillance, especially in SISMAD because of a lower rate of remodeling. (J Vasc Surg 2018;m:1-13.)
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Spontaneous isolated celiac artery dissection (SICAD)
and spontaneous isolated superior mesenteric artery
dissection (SISMAD) represent the dominant types of
visceral artery dissection. Although the incidence was
reported to be approximately 0.08%,” widespread appli-
cation of computed tomography angiography (CTA)
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improved the ability to diagnose SICAD and SISMAD at
initial admission, followed by an increasing number of
published studies concerning the management and
clinical outcomes of SICAD and SISMAD.>® Recent sys-
tematic reviews summarized the treatment strategies
of SICAD and SISMAD and suggested that conservative
management is the most common initial manage-
ment.>'° However, no quantitative evidence is available
regarding the main profile, morphologic classification,
occurrence of adverse events, and morphologic changes
of lesioned vessels in SICAD and SISMAD.

The clinical presentation of SICAD and SISMAD can
range from incidental discovery without symptoms to
acute abdominal pain with bowel ischemia or peritonitis,
which creates difficulties for surgeons or emergency phy-
sicians in making standard initial treatment plans. In fact,
current treatment strategies vary by surgeon’s preference
in most circumstances, including outpatient observation,
medical therapy, endovascular interventions, and
open surgery, and there has been evidence advocating
both initial conservative management and invasive
intervention.!* Despite lack of consensus, most pub-
lished studies were likely to select initial treatment
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according to the clinical presentation of SICAD and
SISMAD patients on admission. However, the natural
course and clinical outcomes of asymptomatic and
symptomatic patients still remain unclear, especially in
terms of remodeling, morphologic progression, second-
ary intervention, and long-term survival. Given the infre-
quency of diagnosis in SICAD and SISMAD, most
published studies have been case series, and no related
guidelines have been established.

Therefore, we performed a systematic review and meta-
analysis of current evidence on SICAD and SISMAD, hop-
ing to provide quantitative pooled data for the natural
course and treatment standardization of the disease.
The primary aim of our study was to determine the
adverse events and morphologic changes of lesioned
vessels in SICAD and SISMAD patients in relation to their
clinical presentation. Furthermore, we sought to identify
the baseline profile and prevalence of each angiographic
classification in SICAD and SISMAD patients on admission.

METHODS

We performed this systematic review and meta-analysis
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement.” We also
reported the included observational clinical studies
according to the Meta-analysis Of Observational Studies
in Epidemiology standard® (Supplementary Table |,
online only).

Literature source and search strategy. Our target elec-
tronic databases included Ovid MEDLINE, Ovid Embase,
Scopus, and Cochrane Database (January 1, 1946-July 18,
2017). In addition, related articles searched manually
from the reference list were also adopted. We used the
following Medical Subject Headings terms or keywords:
("Mesenteric Artery, Superior” [Mesh] OR “Celiac Artery”
[Mesh] OR ‘visceral artery” [All Fields]) AND (“Aneurysm,
Dissecting” [Mesh] or “artery dissection” [All Fields]). The
detailed search strategy is shown in the Appendix. The
latest literature search was updated on September
21, 2017.

Inclusion and exclusion criteria. Two authors indepen-
dently selected studies according to previous established
inclusion and exclusion criteria, and discrepancy was solved
by discussion with a third author. Studies were included if
they met the following criteria: clinical studies investigating
the natural course, classification, and outcomes of SICAD or
SISMAD; patients diagnosed with isolated celiac or superior
mesenteric artery dissection; published peer-review
articles. Studies were excluded if they were case reports or
case series with a sample size of <10 patients.

Data extraction. A standard extraction form was
designed at the beginning of our study, and two authors
independently collected data from included studies. Any
disagreement was handled by discussion with a third
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reviewer. If the full-text article was not available, we
contacted the author to obtain the data. The extracted
data involved characteristics of included studies: author,
year of publication, study design, involved arteries,
ethnicity, age, sex proportion, prevalence of comorbid-
ities and risk factors, manifestation, morphologic classi-
fication, initial treatment, indication for interventional
treatment, detailed medical treatment, and follow-up
period; and clinical outcomes of SICAD and SISMAD in
the overall population, symptomatic and asymptomatic
patients, and different type of SISMAD on CTA.

Definition. Complete remodeling was defined as no
residual stenosis or occlusion at the superior mesenteric
artery trunk, no false lumen, or no intramural thrombus
on CTA'” Incomplete remodeling was defined as
improved SISMAD lesion but showing residual stenosis
or intramural thrombus on CTA'> Morphologic progres-
sion was defined as the aggravation of stenosis of the
true lumen or aneurysmal degeneration of the false
lumen. In general, morphologic remodeling and pro-
gression were defined for patients receiving conservative
management. For morphologic classification of SICAD
and SISMAD on CTA, we adopted the Zerbib classifica-
tion in our study because it covered all types of SICAD
and SISMAD in the included studies.'”

Quality assessment of included studies. Two reviewers
independently assessed the quality of each included
study. The Newcastle-Ottawa Scale was adopted for
cohort studies and mainly involved three domains:
selection of study cohorts, comparability of the cohorts,
and outcomes ascertainment.'® An overall score for cohort
studies ranged from O to 9 and was categorized as having
a high (score <6), moderate (score of 6 or 7), or low (score of
8 or 9) risk of bias. Only cohort studies with low risk of bias
were included in the quantitative analysis. For case series,
we used an 18-item tool (Supplementary Table I, online
only) with the modified Delphi technique.” Disagree-
ment during assessment was discussed and resolved by a
third reviewer. The results of quality assessment are shown
in Supplementary Tables lll and IV (online only).

Statistical analysis. We summarized the effects across
included studies according to methods outlined in the
Cochrane Handbook for Systematic Reviews of Interven-
tions (version 5.1.0; The Cochrane Collaboration). Values
of proportion outcomes were expressed as proportions
and 95% confidence intervals (Cls) and then transformed
into quantities according to the Freeman-Tukey double
arcsine transformation.?® The pooled effect estimates
were calculated as the back-transformation of the
weighted mean of the transformed proportions, using
DerSimonian-Laird weights of a randome-effects model
and expressed as percentage proportions.?’ For dichot-
omous data, we entered totals and numbers of events in
symptomatic and asymptomatic groups and calculated
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Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for study selection.

odds ratio (OR) with 95% Cls with the Mantel-Haenszel
method.”> The mean difference was used to evaluate
the results for continuous outcomes. When only the
median with its range was provided in continuous vari-
ables, the mean value along with the corresponding
standard deviation was calculated using the method
introduced by Hozo et al.?* For studies with a potentially
duplicated population, we included the study with the
bigger sample size in quantitative analysis. (Sources of
patients are shown in Supplementary Table V, online
only).

Heterogeneity across studies was assessed by F statistic.
? values range from 0% to 100%: > of 25% to 50% is
considered to have moderate heterogeneity, and
> =75% indicates high heterogeneity.?* Given the various
treatment effects in different studies, we selected a
random-effects model when pooling studies in all out-
comes. We also conducted Egger test to examine the
publication bias of the main outcomes. In addition, we

performed sensitivity analysis by omitting each study at
a time and rerunning the analysis to assess the effect of
each study. We used Review Manager version 51 (The
Nordic Cochrane Center, Copenhagen, Denmark) for
pooled analysis of cohort studies and R version 33.0
(R Foundation for Statistical Computing, Vienna, Austria)
for pooled analysis of proportions in case series.

RESULTS

Study characteristics. On the latest update of the litera-
ture search, we retrieved a total of 889 records after dupli-
cate removal. Through screening for titles and abstracts,
60 publications were downloaded in full text and 41
articles were included in our meta-analysis.'* 8142554
As two articles involved separate data for both SICAD
and SISMAD patients, they were treated as two studies;
thus, a total of 43 studies were analyzed in our study.
The detailed process of study selection can be found
in Fig 1. Among the included articles, 8 studies
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Table I. Characteristics of included studies

Otsuka® 2017 Japan Asian Celiac, SMA Case series 54 (30-85) NA NA

Li T® 2017 China Asian SMA Case series 535+ 7.7 20 26

Kwon® 2017 Korea Asian SMA Case series 53.6 (41-73) 6 13

Heo'” 2017 Korea Asian SMA Retrospective cohort  54.7 + 10.8 47 88

DeCarlo (2)° 2017 United States White SMA Case series 55.0 = 11.0 6 12

Sun' 2016 China Asian Celiac Case series 50 (30-82) n 19

Nonami (2)?” 2016 Japan Asian Celiac Case series 555 (32-70) 16 38

Ichiba?® 2016 Japan Asian Celiac Case series 53 (46-58) 9 13

Dong”' 2016 China Asian SMA Case series 54 + 7 NA 33

Xiong*® 2015 China Asian SMA Case series 499 * 56 NA 27

Li z*° 2015 China Asian SMA Case series 52 (41-62) 2 14

Galastri*® 2015 Brazil White Celiac Case series 44,8 (35-55) 1 10

Satokawa®® 2014 Japan Asian SMA Case series 57 (41-78) 12 9

Okamura®® 2014 Japan Asian SMA Case series 62.8 + 13.4 n 8

Li N 2014 China Asian SMA Case series 535 =102 8 24

Kim*® 2014 Korea Asian SMA Retrospective cohort  51.4 (34-67) 10 27
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32 Bowel infarction 3.8 + 2.6 years® Anticoagulation

30 NA 255 * 20.6 months® Anticoagulation

14 NA 20.6 * 181 months® Antiplatelet or anticoagulation

116 Bowel infarction 53 = 39 months® Antiplatelet only for patients showing an
occlusion (type Ill) or severe compromised
blood flow (type Ilb)"

18 Persistent symptoms 49 * 49 years® Antiplatelet or anticoagulation

23 Bowel ischemia, AD 21 (6-70) months® NA

40 Bowel ischemia, rupture 22.5 (1-112) months® With or without anticoagulation or
antiplatelet

13 NA 376 (165-602) days® Without anticoagulation or antiplatelet

33 Peritonitis 37 = 21 months® Antiplatelet or anticoagulation

28 Persistent symptoms 17.8 = 11.7 months® Anticoagulation

14 Persistent symptoms, peritonitis 235 + 21.3 months® Antiplatelet

10 Persistent symptoms 19 (2-59) months® Anticoagulation

14 Bowel ischemia or infarction 34 (5-72) months® Without anticoagulation or antiplatelet

17 NA 211 * 13.8 months® With or without antiplatelet

24 Persistent symptoms 1315 * 827 months® Without anticoagulation or antiplatelet

27 NA 27.3 (1-62) months® Anticoagulation (short-term)
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Pang“® 2013  China Asian SMA

Case series

50.6 (36-64) 3 12

Jibiki*” 2013  Japan Asian SMA

Case series

64 =13 NA 8

Choi*® 2013 Asian Celiac,

SMA, IMA

Korea

Case series

515 = 87 14 15

Min®' 2011  Korea Asian SMA

Case series

59 (50-75) NA 14

Yun>® 2009

Korea Asian SMA

investigated SICAD,”142527293657 29 stydies investigated
S|sMAD,G'S’]2'13'25_28'30'3]'33_35’38_48'50_54 and 6 Studies
included both SICAD and SISMAD."*>3249 Except for
seven retrospective cohort studies, the remaining were
case series. Most studies were conducted in Asians; only six
studies were conducted in white patients.*>2>3657
Detailed characteristics of each study are shown in Table I.

Basic profiles and morphologic classification of SICAD
and SISMAD. The pooled estimate for the proportion of
male patients in SICAD and SISMAD was 88% (95% ClI,
0.85-0.90; * = 15.24%; Table I1). Subgroup analysis strati-
fied by ethnicity suggested a lower proportion of male
white patients (81%; 95% CI, 0.76-0.85; # = 0.00%) than
Asians (90%: 95% Cl, 0.87-0.92; > = 0.00%). Among various
comorbidities, hypertension was most common, with a
pooled proportion of 41% (95% Cl, 0.37-0.46; 7 = 51.80%) in
SICAD and SISMAD. White patients were shown to have
higher prevalence of hypertension than Asians (49% [95%
Cl, 0.44-055; P = 0.00%] vs 39% [95% Cl, 0.34-0.44;
? = 50.96%], respectively). Of the reported risk factors, we
found that 459 (95% Cl,0.38-0.52; I = 76.73%) of the pooled
study population were current smokers or ex-smokers.

The different classification schemes are shown in
Supplementary Table VI (online only). Type | SICAD or
SISMAD on CTA represented patent false lumen with

Case series

54 (33-85) 12 22

both entry and re-entry. The pooled estimate prevalence
of type | SICAD and SISMAD was 11% (95% ClI, 0.00-0.40)
and 14% (95% CI, 0.08-0.20; = 69.30%), respectively.
Type Il SICAD or SISMAD meant “cul-de-sac’-shaped
visible false lumen without re-entry on CTA and
accounted for 10% (95% CI, 0.00-0.31) and 13% (95% ClI,
0.08-0.18; * = 60.20%) in the pooled SICAD and SISMAD
population, respectively. Type Ill stood for thrombosed
false lumen with an ulcer-like projection, and we esti-
mated a pooled prevalence of 17% (95% CI, 0.08-0.26)
for SICAD and 13% (95% Cl, 0.05-0.23; > = 88.19%) for
SISMAD. Type IV meant cul-de-sac-shaped thrombosed
false lumen without re-entry and composed 24% (95%
Cl, 0.08-0.46) in SICAD and 40% (95% CI, 0.32-0.49;
P = 71.73%) in SISMAD. Type V represented aneurysmal
dissection with stenosis of the distal part, with a pooled
estimate prevalence of 36% (95% CI, 0.23-0.51) in SICAD
and 1% (95% Cl, 0.00-0.03; * = 44.38%) in SISMAD. Type
VI manifested as occlusion of the celiac trunk or superior
mesenteric artery, and the pooled estimate prevalence
was 5% (95% CI, 0.00-0.15) in SICAD and 4% (95% CI,
0.01-0.08; * = 59.21%) in SISMAD.

Treatment strategies in SICAD and SISMAD. The sum-
mary of treatment strategies of SICAD and SISMAD is
shown in Fig 2. Conservative management, including
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Antiplatelet or anticoagulation

Sample size Indication for interventional management  Follow-up duration, months therapy

14 Persistent symptoms 5.3 (1.2-40)° Anticoagulation

12 Sudden and severe onset of symptoms 21 (10-36)° Anticoagulation

18 Bowel ischemia, AD, persistent symptoms 14.9 (1-40)° Without anticoagulation or
antiplatelet

14 Bowel necrosis or peritonitis 22 (1-76)° With or without anticoagulation or
antiplatelet

17 Severe stenosis and AD 24 (2-72)° Antithrombotic in the earlier part of
the study, no antithrombotic in the
next part of study

17 Bowel ischemia, rupture 352 + 256° Without anticoagulation or
antiplatelet

46 Bowel ischemia or infarction, persistent 23 (6.5-74.2)° Antithrombotic in the earlier part of

symptoms the study (12 patients), no

antithrombotic in the next part of
study

14 Bowel infarction, severe stenosis, and AD 275 (2-64)° Without anticoagulation or
antiplatelet

30 Bowel infarction, rupture, severe stenosis 38 =+ 14° Anticoagulation

32 Severe and persistent symptoms 26 (1-80)° Anticoagulation in the earlier part of
the study (5 patients), no
anticoagulation or antiplatelet in
the next part of study

12 Bowel infarction, rupture 7-72° Without anticoagulation or

antiplatelet

medical therapy and observation, was considered to be
the most common initial treatment for SICAD and
SISMAD. Common indications for initial endovascular
intervention included persistent symptoms, severe ste-
nosis of the true lumen, bowel ischemia, and aneurysmal
degeneration. If the patients had bowel infarction or
necrosis, peritonitis, or aneurysm rupture, open surgery
was reported to be the initial treatment. Regarding
symptomatic patients with SICAD or SISMAD, conserva-
tive management still remained the most common
initial treatment, accounting for an estimated 87% (95%
Cl, 0.76-0.96; * = 9115%) of the pooled symptomatic
SISMAD and 95% (95% ClI, 0.79-1.00; > = 79.05%) of the
pooled SICAD population. Of the asymptomatic patients,
four of them received endovascular management
initially because of presence of aneurysm, whereas
the rest, either SISMAD or SICAD patients, received con-
servative management. The conservative management
usually involved fasting, parenteral nutrition support,
pain control, and antihypertensive drugs, which is widely
acknowledged in most included studies. Despite existing
controversy about the role of antithrombotic therapy
(anticoagulation and antiplatelet) among included
studies, our systematic review found that the two largest
cohort studies in whites and Asians reached consensus

on the conclusion that antithrombotic therapy did not
yield any benefits regarding either clinical or morpho-
logic outcomes of SISMAD.>'?

Of those symptomatic patients who required initial
invasive intervention, severe stenosis of the main trunk
with persistent symptoms seemed to be the most com-
mon indication; 64 patients were treated endovascularly
using stents, 12 patients underwent open surgery, and 2
patients received hybrid revascularization involving
thrombectomy with patch closure and catheter-
directed thrombolysis (CDT) plus stenting if necessary.
Of patients with bowel ischemia or infarction, 14 patients
underwent endovascular interventions, mostly using
bare stents; 14 underwent open surgery, mostly throm-
bectomy with patch closure, plus saphenous vein bypass
if necessary. Of patients with aneurysmal degeneration,
18 patients underwent endovascular revascularization
with covered stents and 1 patient underwent coil embo-
lization of the ruptured branch of the superior mesen-
teric artery; 8 patients required bypass surgery, mostly
autogenously. In addition, two patients with peritonitis
received hybrid treatment including laparotomy plus
stenting. Unfortunately, we could not compare the out-
comes of endovascular and open procedures because
of lack of separate data.
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Table Il. Pooled proportions of basic profile, morphologic classification, and clinical outcomes regarding spontaneous
isolated celiac artery dissection (SICAD) and spontaneous isolated superior mesenteric artery dissection (SISMAD)

Male 8 0.84 0.77-0.90 0.00 27 0.90 0.87-0.92 752

Smokers 7 0.48 0.35-0.61 4518 19 0.45 0.37-0.54 74.40

Type | 3 on 0.00-0.40 NA 20 0.14 0.08-0.20 69.30

Type llI 3 0.17 0.08-0.26 NA 20 0.13 0.05-0.23 8819

Type V 2 0.36 0.23-0.51 NA 19 0.01 0.00-0.03 44.38

Adverse events

Secondary intervention in 8 0.08 0.01-0.21 64.76 25 0.12 0.06-0.19 69.78

symptomatic patients who
received initial conservative
management

Morphologic changes of lesioned
vessels

Overall remodeling 3 0.49

Adverse events in SICAD and SISMAD. For those symp-
tomatic patients who received conservative treatment
initially, secondary intervention was required in an
estimated 8% (95% Cl, 0.01-0.21; > = 64.76%; Fig 3) of the
SICAD patients and 12% (95% Cl, 0.06-0.19; * = 69.78%:
Fig 3) of the SISMAD patients during follow-up. The results
of Egger test indicated no signs of publication bias
(t = 0.56; P = 58). Of the 200 asymptomatic patients
described, none of them required secondary intervention
during follow-up. In addition, seven cohort studies
compared the rate of secondary intervention between
symptomatic and asymptomatic patients, and the pooled
results showed that symptomatic patients had a signifi-
cantly increased risk of secondary intervention compared
with asymptomatic patients (OR, 5.50; 95% ClI, 1.16-25.99;
? = 0.00%). Most patients treated with initial invasive
intervention did not need secondary intervention during
follow-up; however, 3 of 7 patients treated by thrombec-
tomy, with bowel ischemia or severe stenosis of the

0.32-0.65 NA 13 0.51

0.41-0.61 7112

superior mesenteric artery, required secondary bypass or
CDT, and 7 of 11 patients treated by catheter-directed
vasodilator required secondary stenting.

The pooled estimated proportion of all-cause mortality
during an approximate mean follow-up of 28.2 months
was 1% (95% Cl, 0.00-0.02; * = 24.55%) in SISMAD and
0% (95% Cl, 0.00-0.03; # = 0.00) in SICAD. Subgroup
analysis by ethnicity revealed similar rate of all-cause
mortality between Asians and whites (1% [95% CI,
0%-2%; >, 20.27%] vs 2% [95% Cl, 1%-5%; >, 0.00%],
respectively). No signs of publication bias were observed
by Egger test (t = —1.61; P=12). In addition, we found that
6% (95% Cl. 0.02-0.11; * = 62.13%) of the pooled study
population had late true lumen thrombosis during
follow-up.

Morphologic changes of lesioned vessels in SICAD and
SISMAD. A significantly higher proportion of SICAD
patients achieved complete remodeling than SISMAD
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(n=14)
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(Severe stenosis or persistent symptoms
n=64; Bowel ischemia n=14; AD n=19)

Open surgeries
(Severe stenosis or persistent symptoms
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(Severe stenosis or persistent
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==

Bypass with or
without bowel
resection

Stenting Stenting
(persistent (persistent
symptoms n symptoms rupture symptoms
=3) n=76; AD of branch n=1)
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n=1) vasodilator after solo after solo
n=1) thrombecto thrombect
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bypass
(restenosis
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Further intervention

Fig 2. Summary of current treatment strategies for symptomatic spontaneous isolated celiac artery dissection
(SICAD) and spontaneous isolated superior mesenteric artery dissection (SISMAD) patients. AD, Aneurysmal

degeneration; CDT, catheter-directed thrombolysis.

patients (64% [95%, Cl 0.47-0.80] vs 25% [95% CI,
0.19-032; * = 36.96%]; P = .005; Supplementary Fig 1,
online only). Taking incomplete remodeling into ac-
count, the pooled estimate of overall remodeling was
similar between SICAD and SISMAD (SICAD, 49% [95%
Cl, 0.32-0.65]; SISMAD, 51% [95% Cl, 0.41-0.61; > = 71.12%]).
In addition, the pooled results suggested that an esti-
mated 6% (95% ClI, 0.00-0.16; P = 38.96%) of SICAD pa-
tients and 12% (95% Cl, 0.05-0.20; > = 78.84%) of SISMAD
patients had morphologic progression (Supplementary
Fig 2, online only), without signs of publication bias
(t=171;, P=11).

Regarding the morphologic difference between symp-
tomatic and asymptomatic patients, the pooled results
of six cohort studies suggested that symptomatic
patients had significantly longer length of dissection
than asymptomatic patients (mean difference, —2.00;
95% Cl, 10.12-46.81; > = 96.00%). In terms of the morpho-
logic changes during follow-up, however, symptomatic
patients had a significantly increased probability of
accomplishing complete remodeling compared with
asymptomatic patients (OR, 3.95; 95% ClI, 131-11.85; /> =
39.00%:; Supplementary Fig 3, online only), whereas
asymptomatic patients had a significantly increased
probability of maintaining a stable condition (OR, 0.21;
95% ClI, 0.06-0.73; > = 45.00%). Sensitivity analyses also
suggested that the omission of each study in the ana-
lyses did not change the significance of the results
between symptomatic and asymptomatic patients. The
results of comparison between symptomatic and
asymptomatic patients are listed in Supplementary
Table VII (online only).

DISCUSSION

Overall, a total of 43 studies reported outcomes of
SICAD and SISMAD. We found male smokers with hyper-
tension to represent the dominant baseline profile of
SICAD and SISMAD patients. On admission, type V
(36%) and type IV (40%) were found to be the most com-
mon morphologic type of SICAD and SISMAD on CTA,
respectively. Most SICAD and SISMAD patients were
initially treated with conservative management. Approx-
imately 12% of the symptomatic patients managed
conservatively required secondary intervention during
follow-up, whereas none of the asymptomatic patients
needed further intervention. The rate of late all-cause
mortality was 0% to 1% in the overall SICAD and SISMAD
population. During follow-up, 64% of SICAD patients and
25% of SISMAD patients achieved complete remodeling,
and 12% of SICAD patients and 6% of SISMAD patients
had morphologic progression. Symptomatic patients
had significantly increased probability of achieving
complete remodeling than asymptomatic patients.

In recent years, increasing numbers of studies evalu-
ated and reported the outcomes of SICAD and SISMAD
together because lesions of the two arteries were shown
to share similar features and clinical outcomes.”®> Our
results not only further confirmed similar baseline
profiles and rates of adverse events of SICAD and SISMAD
patients but also revealed differences in the morphologic
changes of lesioned vessels, that is, SICAD may have a
relatively higher rate of complete remodeling compared
with SISMAD. In addition, although SICAD and SISMAD
shared the same angiographic classification in published
studies, some unique key issues of the morphologic
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Study Events Total Proportion 95%-Cl Weight
art = celiac :

Li SQ,2017 1 24 —— 0.04 [0.01;0.20] 3.2%
Hosaka,2017 0 Bl 0.00 [0.00;0.32] 2.2%
DeCarlo (1),2017 0 16F—— 0.00 [0.00;0.19] 2.9%
Sun,2016 4 8 0.50 [0.22;0.78] 2.2%
Nonami (2),2016 2 36 +—— 0.06 [0.02;0.18] 3.5%
Ichiba,2016 0 18— 0.00 [0.00;0.23] 2.7%
Galastri,2015 2 9 —FF 0.22 [0.06; 0.55] 2.3%
DiMusto,2015 3 7 0.43 [0.16;0.75] 2.0%
Random effects model 121 <= 0.08 [0.01; 0.21] 20.8%
Heterogeneity: /* = 65%, t° =0.031,p <0.01 i

art = mixed

Zettervall, 2017 1 13 B — 0.08 [0.01;0.33] 2.7%
Chen,2016 18 68 P —— 0.26 [0.17;0.38] 3.9%
Ko,2015 6 18 L —8— 0.33 [0.16;0.56] 3.0%
Random effects model 99 —_— 0.24 [0.13; 0.36] 9.5%
Heterogeneity: /“ = 31%, 2 = 0.0046, p =023 :

art = SMA ‘

Li T,2017 5 26 — 0.19 [0.09; 0.38] 3.3%
Kwon,2017 1 13 =F— 0.08 [0.01;0.33] 2.7%
Heo,2017 5 83 &=+ 0.06 [0.03;0.13] 4.0%
DeCarlo (2),2017 1 12 —=—— 0.08 [0.01;0.35] 2.6%
Tomita,2016 0 34— 0.00 [0.00;0.10] 3.5%
Nonami (1),2016 0 9 0.00 [0.00;0.30] 2.3%
Kimura,2016 0 17— 0.00 [0.00;0.18] 2.9%
Han,2016 4 52 = 0.08 [0.03;0.18] 3.7%
Dong,2016 13 31 —_— 0.42 [0.26;0.59] 3.4%
Xiong,2015 4 271 —— 0.15 [0.06;0.32] 3.3%
Rong,2015 4 10 0.40 [0.17;0.69] 2.4%
Li Z,2015 5 13 P 0.38 [0.18;0.64] 2.7%
Satokawa,2014 1 7T —= 0.14 [0.03;0.51] 2.0%
Park,2014 1 18 28— 0.06 [0.01;0.26] 3.0%
Okamura,2014 0 8l 0.00 [0.00;0.32] 2.2%
Lv,2014 8 15 e — 0.53 [0.30;0.75] 2.8%
Li DL,2014 2 24 0.08 [0.02;0.26] 3.2%
Kim,2014 0 27— 0.00 [0.00;0.12] 3.3%
Ahn,2014 2 11 ——— 0.18 [0.05;0.48] 2.5%
Pang,2013 2 5 0.40 [0.12;0.77] 1.7%
Jibiki,2013 0 g 0.00 [0.00;0.32] 2.2%
Jia, 2013 2 14 —F— 0.14 [0.04;0.40] 2.7%
Min,2011 2 9 —F 0.22 [0.06;0.55] 2.3%
Cho,2011 5 16 — 0.31 [0.14;0.56] 2.9%
Sakamoto,2007 1 10 88— 0.10 [0.02; 0.40] 2.4%
Random effects model 499 <> 0.12 [0.06; 0.19] 69.7%
Heterogeneity: /> = 70%, t* = 0.029,p < 0.01

Random effects model 719 < 0.12 [0.07; 0.17] 100.0%

Heterogeneity: 12 = 70%, 1 = 0.0284, p < 0/01 J
0 0.2

0.4 0.6

Fig 3. Forest plots showing the pooled proportion of secondary intervention in symptomatic spontaneous iso-
lated celiac artery dissection (SICAD) and spontaneous isolated superior mesenteric artery dissection (SISMAD)
patients who received initial conservative management. Cl, Confidence interval; SMA, superior mesenteric artery.

characteristics in SICAD were not fully addressed, for
instance, the involvement of different distal branches
of the celiac trunk. An independent angiographic classi-
fication scheme for SICAD may be required to better
categorize the treatment strategy based on different
angiographic types.

Conservative management is currently considered
to be the initial treatment for most SICAD or SISMAD
patients without bowel ischemia. However, there is a
lack of a standardized and evidence-based consensus

on best medical therapy. Bowel rest, pain control, and
antihypertensive therapy are widely acknowledged as
the basic components of medical therapy, but the
choice of antiplatelet or anticoagulation drugs still
remains controversial. A number of studies applied anti-
platelet or anticoagulation therapy only to patients with
thrombosis of the true lumen resulting in severe compro-
mised blood flow or occlusion,”'**? but there were also
studies that considered antiplatelet or anticoagulation
as a routine in medical therapy®°*>*®*” |n addition,
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some studies mainly focused on control of blood pres-
sure without antiplatelet or anticoagulation and also
achieved promising long-term outcomes.???%39 The
only two large cohort studies to date demonstrated no
beneficial effects of antithrombotic therapy (either
anticoagulation or antiplatelet) against observation in
either clinical or morphologic outcomes.>'> Comparison
between anticoagulation and antiplatelet therapy also
revealed no difference in late vessel thrombosis.”> There-
fore, based on current evidence, basic medical manage-
ment including fasting, parenteral nutrition support, pain
control, and antihypertensive therapy with close surveil-
lance may be adequate for SICAD and SISMAD. However,
more well designed, large comparative studies concern-
ing the role of antithrombotic therapy in SICAD and
SISMAD are needed in the future.

Apart from conservative management, endovascular in-
terventions and open surgery sometimes may be adop-
ted for certain patients during the first admission.
Endovascular interventions were usually considered to
be the primary invasive treatment for patients with
persistent symptoms or severe stenosis or occlusion
of the true Ilumen without bowel ischemia. Self-
expandable bare stents were most commonly used,
and in a few circumstances, CDT might be required to
aid in revascularization. Some studies also reported
successful hybrid treatment of a severely lesioned vessel
with CDT followed by thrombectomy with patch closure
(plus stenting if necessary). Future studies may be
required to compare the long-term patency of these
two procedures. In patients suspected of having bowel
ischemia, open surgery remained the main approach.
In this circumstance, thrombectomy alone might not
be adequate because nearly 42% of patients required
secondary intervention for stricture of the closure site.
Closure with patch or saphenous vein bypass may be
recommended to achieve better long-term patency. In
addition, endovascular intervention with covered stents
or autogenous bypass was commonly adopted in
patients with aneurysmal degeneration.

Clinical presentation plays a significant role in the
decision-making process of initial treatment and postdi-
scharge surveillance; thus, a better understanding of the
natural course of symptomatic and asymptomatic
patients is necessary. In comparison with symptomatic
patients, asymptomatic patients had significantly shorter
length of dissection, which might contribute to its signif-
icantly lower incidence of secondary intervention under
initial conservative management. Interestingly, in terms
of morphologic changes of lesioned vessels, symptom-
atic patients were more likely to achieve complete
remodeling than asymptomatic patients, whereas
asymptomatic patients were more likely to maintain a
stable morphologic condition. These different patterns
of morphologic changes might be associated with
different therapeutic strategies of the two groups,

Wang et al n

namely, a higher proportion of symptomatic patients
received intervention or antithrombotic therapy, whereas
most asymptomatic patients were only observed.
Notably, of those 106 asymptomatic patients managed
with disciplinary observation, none of them required
secondary intervention during follow-up. Therefore,
based on the stable morphologic changes and event-
free outcomes of asymptomatic patients, starting with
CTA at 3, 6, and 12 months after discharge and then
monitoring with duplex ultrasound annually thereafter
until successful remodeling may be safe and rational
in asymptomatic patients. In symptomatic patients,
surveillance with CTA may start 1 month after discharge
and then be performed at 3, 6, and 12 months and
annually thereafter.

Limitations. The results of our meta-analysis should be
interpreted in light of several limitations. First, given the
rare incidence of SICAD and SISMAD, the number of
comparative cohort studies was small, and our study was
mainly based on case series. However, we included only
case series with sample size larger than 10 and per-
formed sensitivity analysis to strengthen the robustness
of our results. Second, there was significant heteroge-
neity between studies in some of the results; we there-
fore further performed subgroup analysis by ethnicity,
involved arteries, and manifestation to explore the source
of heterogeneity, but heterogeneity was still inevitable in
some results. Third, the follow-up length varied in each
study, and the relatively high proportion of patients lost
in the follow-up affected the power of long-term results.
Finally, the strategy and duration of conservative man-
agement among the included studies were also
different, which might have a great impact on the
clinical outcomes.

CONCLUSIONS

Both SICAD and SISMAD may have a rare incidence of
long-term mortality, and SICAD tends to achieve better
morphologic changes of lesioned vessels during follow-up.
Initial conservative treatment is safe for asymptomatic
SICAD or SISMAD patients; however, because of a
relatively high rate of secondary intervention, closer
surveillance may be required in symptomatic patients,
especially for SISMAD patients. More comparative studies
investigating best medical therapy involving the
selection and duration of antiplatelet or anticoagulation
therapy are warranted in the future.
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Supplementary Table I (online only). Meta-analysis Of Observational Studies in Epidemiology checklist for meta-analyses
of observational studies

Hypothesis statement N/A

Type of exposure or intervention used 3

Study population 3

Search strategy, including time period included in the synthesis and key words 4

Databases and registries searched 4

Use of hand searching (eg, reference lists of obtained articles) 4

Method of addressing articles published in languages other than English 5

Description of any contact with authors 5

Rationale for the selection and coding of data (eg, sound clinical principles or convenience) 5

Assessment of confounding (eg, comparability of cases and controls in studies where appropriate) 6

Assessment of heterogeneity 7

Provision of appropriate tables and graphics 7

Table giving descriptive information for each study included Table |

Indication of statistical uncertainty of findings 8-
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Supplementary Table Il (online only). Major components of the tools for assessing case series
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Supplementary Table Ill (online only). Results of quality assessment of included cohort studies

Zettervall2017 1 1 1 1 2 1 1 1 9
Tomita 2016 1 1 1 1 1 1 1 1 8
LiDL 2014 1 1 1 1 1 1 1 1 8
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Supplementary Table IV (online only). Results of quality assessment of included case series
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Supplementary Table V (online only). Source of patients of included studies

Otsuka® 2017  Japan Celiac, SMA 32 Tokai University School of Medicine, 2005-2015

Li T® 2017 China SMA 30 General Hospital of Chinese People’s Liberation
Army, 2012-2016

Kwon® 2017  Korea SMA 14 Dongguk University llsan Hospital, July
2006-February 2016

Heo'? 2017  Korea SMA 16 Samsung Medical Center, 2001-2016

DeCarlo (2)*° 2017  United States SMA 18 Massachusetts General Hospital, Boston, 1999-2018

sun' 2016  China Celiac 23 The First Affiliated Hospital, School of Medicine,
Zhejiang University, 2009-2014

Nonami (2)%” 2016  Japan Celiac 40 Fukui Prefectural Hospital, 2004-2015

Ichiba®® 2016  Japan Celiac 13 Hiroshima City Hospital, 2006-2015

Dong®' 2016  China SMA 33 Zhongshan Hospital, 2007-2013

Xiong*® 2015  China SMA 28 Chinese PLA General Hospital, 2009-201

Li z*° 2015 China SMA 14 The First Affiliated Hospital of Sun Yat-sen
University, 2008-2014

Galastri*® 2015  Brazil Celiac 10 Hospital Israelita Albert Einstein, 2009-2014

Satokawa® 2014  Japan SMA 14 Fukushima Medical University, School of Medicine,
Fukushima, 2005-2014

Okamura“*°® 2014 Japan SMA 17 Tsukuba Memorial Hospital, Tsukuba, Ibaraki,
2009-2013
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Supplementary Table V (online only). Continued.
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Supplementary Table VI (online only). Relationship between each morphologic classification

Cul-de-sac-shaped visible false lumen without re-entry Il 1l 1A Il 1] Il

Cul-de-sac-shaped thrombosed false lumen without re-entry vV \% 1B IVA, B \% IVA

SMA dissection with occlusion of SMA \ = 11 IIC, IvC V 1B, IVB

Supplementary Table VII (online only). Results of meta-analyses comparing symptomatic and asymptomatic patients

Length of dissection MD Random 28.46 10.12-46.81 .00 95.99

Comparison of adverse events during follow-up

Secondary intervention OR Random 5.50 1.16-25.99 .79 0.00

Complete remodeling OR Random 3.95 1.31-11.85 14 39.20

Stable OR Random 0.21 0.06-0.73 n 44.86




Journal of Vascular Surgery
Volume m, Number m

Wang et al

%
Study ES (95%Cl) Weight
SMA :
LiT(2017) —_— 0.16(0.06,035)  7.57
Kwon (2017) —_— 009(0.02,038) 542
Heo (2017) + 026(0.19,036) 1002
Tomita (2016) | —— 044(0.30,059) 866
Kimura (2016) _— 031(0.17,050)  7.67
Han (2016) ——— 038(0.26,052)  9.10
Ko (1) (2015) —_— 0.17(0.07,037)  7.37
Satokawa (2014) —_—— 007(0.01,031) 607
Park (2014) _— 0.25(0.12,045) 747
Ahn (2014) - 031(0.13,058) 587
Jibiki (2013) —_—— 0.14(0.04,040) 607
Sakamoto (2007) —0—:— 017(005,045) 566
Subtotal (IA2 = 36.96%, p=[0.10) <> 025(0.19,032) 8697

:
celiac H
LisQ(2017) H —_——— 0.78 (0.58, 0.90) 737
Sun (2016) — 033(0.14,061) 566
Subtotal (IA2=%,p=.) : _ 0.64(047,080)  13.03

:
Heterogeneity between grojips: p = 0.000 '
Overall (IA2 =68.71%, p = 0}00); 028(0.19,037)  100.00

:

— T T T
0 5) 4 6 8
Proportion

Supplementary Fig 1 (online only). Forest plot showing proportion of complete remodeling in spontaneous
isolated celiac artery dissection (SICAD) and spontaneous isolated superior mesenteric artery dissection (SISMAD).

Cl, Confidence interval; ES, effect size; SMA, superior mesenteric artery.
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Study Events Total Proportion
Involved.arteries = celiac :

Otsuka (1)(2017) 0 10m——— 0.00
Li SQ(2017) 0 23— 0.00
Hosaka(2017) 1 12 —&8———— 0.08
DeCarlo (1)(2017) 3 22 —=m 0.14
Ichiba(2016) 3 13 —@m————— 0.23
Chen (1)(2016) 0o 4 0.00
Galastri(2015) 2 10 : 0.20
Random effects model 94 0 0.06
Heterogeneity: /% = 39%, 1= 0.0119, p = 0.13 i

Involved.arteries = SMA

Otsuka (2)(2017) 0 17TE—— 0.00
Li T(2017) 3 25 —w&— 0.12
Kwon(2017) SIRi 0.45
Heo(2017) 3 102 = 0.03
DeCarlo (2)(2017) 2 16 —F—— 0.12
Tomita(2016) 2 41 B 0.05
Chen (2)(2017) 0 67 : 0.00
Xiong(2015) 7 28 —= 0.25
Satokawa(2014) 6 14 0.43
Park(2014) 5 24 ——F— 0.21
Li N(2014) 5 24 ——a—— 0.21
Li DL(2014) 8 42 . 0.19
Ahn(2014) 1 13 = 0.08
Sakamoto(2007) 1 12— 0.08
Random effects model 436 <= 0.12
Heterogeneity: /° = 79%, 1> = 0.0309, p < 0.01

Random effects model 530 <> 0.10

Heterogeneity: 1% = 72%, 1*=0.0258,p<0lo1 T T T T T
0 0102030405060.7
Supplementary Fig 2 (online only). Forest plot showing proportion of morphologic progression in spontaneous
isolated celiac artery dissection (SICAD) and spontaneous isolated superior mesenteric artery dissection (SISMAD).
Cl, Confidence interval; SMA, superior mesenteric artery.
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Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl

symptomatic

Cho 2011 3 10
Heo 2017 21 83
Kimura 2016 7 14
Okamura 2014 2 4
Satokawa 2014 1 9
Tomita 2016 16 25
Total (95% CI) 145
Total events 50

1 5 13.0% 1.71[0.13,22.51]
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Supplementary Fig 3 (online only). Forest plot comparing the occurrence of complete remodeling between
symptomatic and asymptomatic patients. Cl, Confidence interval; M-H, Mantel-Haenszel.
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