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Antithrombotic therapy has no beneficial effect in 
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INTRODUCTION
Spontaneous isolated superior mesenteric artery dissection 

(SISMAD) is a rare mesenteric arterial disorder [1-9]. However, 
its incidence is increasing with increased diagnosis due to the 
development and widespread application of CT [1,3,5-7,10-12]. 

Some authors have suggested connective tissue disorders as a 
possible cause of SISMAD [1,13], but the exact underlying cause 
of this disorder is unclear [8,9,14].

Treatment of SISMAD includes conservative treatment, 
endovascular intervention, and surgical intervention. Although it 
is unclear whether initial conservative treatment or endovascular 
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Purpose: Initial conservative treatment with selective endovascular or surgical intervention has shown successful 
outcomes in the treatment of spontaneous isolated superior mesenteric artery dissection (SISMAD). However, the benefits 
of antithrombotic therapy as a part of conservative treatment have not been clarified. This study aimed to investigate the 
clinical course of SISMAD patients and determine differences in clinical outcomes between the antithrombotic and no-
antithrombotic groups.
Methods: We retrospectively reviewed 79 cases of SISMAD that were treated conservatively from January 2004 to 
December 2019 at Chonnam National University Hospital. Clinical outcomes, including the length of hospital stay, pain 
resolution time, image remodeling, and maximal remodeling time, were compared between the antithrombotic and no-
antithrombotic groups. 
Results: There were 30 patients in the no-antithrombotic group and 49 patients in the antithrombotic group. There was no 
significant difference in clinical characteristics between the 2 groups, except for dyslipidemia (P = 0.011). The follow-up 
period (32.6 months vs. 14.6 months, P = 0.009) and imaging follow-up period (31.6 months vs. 13.9 months, P = 0.011) were 
longer in the antithrombotic group than in the no-antithrombotic group. The length of hospital stay (5.1 days vs. 7.7 days, P 
= 0.002) was significantly shorter in the no-antithrombotic group than in the antithrombotic group because patients in the 
antithrombotic group required longer hospitalization for warfarin titration. 
Conclusion: In patients with SISMAD, conservative treatment without antithrombotic therapy may have clinical benefits 
such as decreased length of hospital stay compared with conservative treatment with antithrombotic therapy. 
[Ann Surg Treat Res 2021;100(3):166-174]
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treatment is better on long-term follow-up [14], recent studies 
have shown successful outcomes with initial conservative 
treatment followed by selective endovascular or surgical 
treatment [2,4,15]. Conservative treatment consists of bowel rest, 
pain and blood pressure control, and parenteral nutrition with 
or without antithrombotic therapy. There are studies showing 
successful outcomes with antithrombotic therapy [4,11,16], 
but some studies [5,12] have also shown successful outcomes 
without antithrombotic therapy. Relatively few studies have 
investigated outcomes comparing the antithrombotic and no-
antithrombotic groups; they revealed no significant differences 
in clinical outcomes [3,14,17]. In this study, we investigated 
the clinical course of SISMAD patients who were treated 
conservatively to evaluate differences in clinical outcomes 
between the antithrombotic and no-antithrombotic groups. We 
also aimed to identify clinical characteristics related to SISMAD 
remodeling.

METHODS

Ethical consideration
This study was approved by the Institutional Review Board 

of Chonnam National University Hospital (No. CNUH 2020-171). 
The requirement for informed consent was waived because of 
the retrospective nature of the study.

Study subjects
All patients with SISMAD who were diagnosed at our 

hospital between January 2004 and December 2019 and initially 
treated conservatively were included. Patients who initially 
received endovascular or surgical intervention for the treatment 
of SISMAD were excluded from this study. Patients without at 
least 3 months of outpatient follow-up and those in whom the 
latest follow-up imaging test was performed 3 or more months 
after the initial diagnostic imaging test were excluded. Patients 
with aortic dissection or other mesenteric arterial disease and 
those with a history of abdominal trauma were also excluded.

Patient information collection and diagnosis
A total of 79 patients were included in this study. Their 

medical records were retrospectively reviewed to identify 
clinical characteristics such as age, sex, comorbidities, 
clinical manifestations, drug history, and imaging changes 
during follow-up. If the patient was symptomatic on initial 
presentation, the time interval between the onset of pain and 
beginning of treatment, and the time interval between the 
beginning of treatment and resolution of pain were assessed. 
Resolution of pain was defined as there being neither resting 
pain nor postprandial pain.

On contrast-enhanced CT, patients were diagnosed with 
SISMAD when arterial dissection of the superior mesenteric 

artery was observed without aortic or other mesenteric 
dissection. The categorization of SISMAD described by Yun et 
al. [2] was used to classify SISMAD. The length of dissection 
was recorded as the fractional ratio of the entire length of 
dissection to the total length of the superior mesenteric artery. 
The fractional ratio of dissection length was categorized into 3 
groups: fractional ratio less than 1/3 was defined as length-A; 
fractional ratio equal to or more than 1/3 but less than 2/3 was 
length-B; and fractional ratio equal to or more than 2/3 was 
length-C.

Treatment strategy
If SISMAD was detected incidentally without symptoms, the 

patient was followed up on an outpatient basis with routine 
contrast-enhanced CT and was examined for abdominal 
symptoms relevant to SISMAD. Symptomatic patients 
diagnosed with SISMAD were treated conservatively, except 
for those who were suspected to have peritonitis or intestinal 
ischemia on physical examination and CT scans. Patients with 
suspected peritonitis or intestinal ischemia, and those who had 
aggravating or unrelievable abdominal pain despite conservative 
treatment were indicated for endovascular intervention or 
surgery.

Conservative treatment consisted of fasting until there was 
no abdominal pain without pain control. Feeding was carefully 
advanced from water to a regular diet while monitoring for 
recurrence of abdominal symptoms. Intravenous fluids and 
parenteral nutrition were administered to prevent dehydration 
and support nutrition.

Antithrombotic treatment included anticoagulation therapy 
consisting of intravenous heparin and warfarin, and included 
antiplatelet agents such as aspirin, clopidogrel, or cilostazol. 
The choice of antithrombotic combination was left to the 
discretion of the doctor. From January 2004 to December 2016, 
antithrombotic treatment was applied to newly diagnosed 
patients. However, from January 2017 to December 2019, routine 
antithrombotic treatment was abandoned for newly diagnosed 
patients due to the recognition of the possible ineffectiveness 
of antithrombotic treatment in improving clinical outcomes 
in these patients. In patients who were already taking 
antithrombotic medications due to underlying diseases at 
the time of diagnosis, the antithrombotic medications were 
continued as prescribed.

If patients were able to tolerate a regular diet without 
abdominal symptoms after conservative treatment, the patient 
was discharged. Routine follow-up was performed on an 
outpatient basis.

Follow-up
During follow-up, recurrence of symptoms such as 

postprandial pain was monitored, and imaging follow-up with 
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CT angiography was performed every 3 months for the first 6 
months, every 6 months for the next 6 months, and then once 
annually, to monitor changes in the angiographic features of 
SISMAD.

Follow-up CT scans were compared with previous CT scans 
for changes in the extent of dissection, true lumen stenosis, 
false lumen thrombosis, branch artery dissection, aneurysmal 
change of the dissected lesion, and other mesenteric artery 
disease.

In the classification of SISMAD on the follow-up results, 
complete remodeling was defined as the presence of no 
remnant dissection or aneurysmal change and normalization 
of superior mesenteric artery morphology. Incomplete 
remodeling was defined as an improved state of true lumen 
stenosis without dissection-type change. Type change was 
defined as the categorization of SISMAD being different on 
follow-up imaging than that on initial diagnosis. No change 
was defined as the follow-up images of SISMAD remaining 
stationary without significant changes in true lumen stenosis 
and morphology. Maximal remodeling was defined as complete 
or incomplete remodeling that was stationary without 

morphological changes for 2 consecutive CT scans. Maximal 
remodeling time, defined as the time interval between initial 
diagnosis and maximal remodeling, was also measured. When 
patients were sufficiently followed up and reached maximal 
remodeling, antithrombotic medications were stopped, except 
in those patients who required antithrombotic treatment for 
other medical reasons.

To dichotomize imaging follow-up results, the complete and 
incomplete remodeling groups were assigned to a ‘remodeling 
group’ and the no-change group to a ‘no remodeling group.’ 
Only 1 patient showed a type change, which was from type-
2b SISMAD at initial presentation to type-2a SISMAD at the 
1-month follow-up, and it remained stationary after that for 
2 years. We assigned this patient to the no remodeling group 
because even though there was a type change during follow-up, 
true lumen stenosis did not show improvement. 

There was no treatment failure or complication resulting in 
delayed endovascular or surgical intervention in all patients 
who were initially treated conservatively. Variables such as 
the time interval between the beginning of treatment and 
pain resolution, the length of hospital stay, remodeling during 

Table 1. Comparison of patient clinical characteristics and angiographic features by antithrombotic use

Variable Overall No-antithrombotic therapy Antithrombotic therapy P-value

No. of patients 79 30 49
Age (yr) 54.6 ± 7.1 (36–79) 54.2 ± 10.5 (36–79) 55.0 ± 9.3 (41–78) 0.759a)

Male sex 63 (79.7) 24 (80.0) 39 (79.6) 0.965b)

Comorbidity
   Hypertension 21 (26.6) 9 (30.0) 12 (24.5) 0.591c)

   Dyslipidemia 9 (11.4) 0 (0) 9 (18.4) 0.011b)

   Diabetes mellitus 0 (0) 0 (0) 0 (0) NA
   Ischemic heart disease 1 (1.3) 0 (0) 1 (2.0) 0.431b)

   Cerebrovascular disease 3 (3.8) 0 (0) 3 (6.1) 0.284b)

Current or ex-smoker 27 (34.2) 9 (30.0) 18 (36.7) 0.629c)

History of intraabdominal cancer 7 (8.9) 2 (6.7) 5 (10.2) 0.703b)

Clinical features
   Incidentally detected 16 (20.3) 7 (23.3) 9 (18.4) 0.594c)

   Presence of pain 63 (79.7) 23 (76.7) 40 (81.6) 0.594c)

   Pain onset to treatment (hr) 63.8 ± 103.6 (0.5–480) 58.5 ± 109.6 (4–480) 66.7 ± 101.9 (0.5–480) 0.770a)

   Pain resolution time (hr)d) 53.7 ± 27.2 (1–120) 56.4 ± 28.9 (1–120) 52.3 ± 26.6 (10–120) 0.622a)

Angiographic features
   SMA type 0.383b)

      1 10 (12.7) 6 (20.0) 4 (8.2)
      2a 4 (5.1) 1 (3.3) 3 (6.1)
      2b 59 (74.7) 20 (66.7) 39 (79.6)
      3 6 (7.6) 3 (10.0) 3 (6.1)
   SMA length 0.451c)

      A 23 (29.1) 11 (36.7) 12 (24.5)
      B 39 (49.4) 14 (46.7) 25 (51.0)
      C 17 (21.5) 5 (16.7) 12 (24.5)

Values are presented as number only, mean ± standard deviation (range), or number (%). 
NA, not applicable; SMA, superior mesenteric artery. 
a)Mann-Whitney test, b)Fisher exact test, c)chi-square test. d)Time interval between beginning of treatment and resolution of pain.
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follow-up imaging, and maximal remodeling time were used to 
compare clinical outcomes between the antithrombotic and no-
antithrombotic groups.

Statistical analysis
Continuous variables are given as mean and standard 

deviation or range, and nominal variables are given as numbers 
and percentages. The chi-square or Fisher exact test was used 
for nominal variables, and the Mann-Whitney test was used 
for continuous variables to compare differences between the 
antithrombotic and no-antithrombotic groups, and between 
the remodeling and no remodeling groups. Multivariate logistic 
regression analysis was performed to identify variables that 
were independently associated with image remodeling. Pearson 
correlation analysis was performed to identify the correlation 
between the follow-up period and maximal remodeling time. 
Statistical significance was set at P < 0.05. IBM SPSS Statistics 
version 23 (IBM Corp., Armonk, NY, USA) was used to perform 
all statistical analyses. 

RESULTS
Between January 2004 and December 2019, 130 patients 

were diagnosed with SISMAD. Of them, 15 patients initially 
underwent endovascular intervention and 5 patients 
underwent surgical intervention. One hundred and 10 patients 
were initially treated conservatively, and this study included 
79 patients (mean age, 54.6 ± 7.1 years; male, 79.7%) who met 
the inclusion criteria. Table 1 shows the clinical characteristics 
that were assessed at initial presentation. Hypertension (21, 
26.6%), dyslipidemia (9, 11.4%), diabetes mellitus (0), ischemic 
heart disease (1, 1.3%), cerebrovascular disease (3, 3.8%), 
smoking status (current or ex-smoker; 27, 34.2%), and history of 
intraabdominal cancer (7, 8.9%) were assessed. Sixteen patients 
(20.3%) were diagnosed incidentally, and 63 patients (79.7%) 
were symptomatic with pain. Symptoms other than pain and 
the location of pain are summarized in Supplementary Table 

1. Angiographic features at initial diagnosis showed 10 type-
1 patients (12.7%), 4 type-2a patients (5.1%), 59 type-2b patients 
(74.7%), and 6 type-3 patients (7.6%). According to length 
distribution, there were 23 length-A patients (29.1%), 39 length-B 
patients (49.4%), and 17 length-C patients (21.5%).

Clinical follow-up data after conservative treatment are 
summarized in Table 2. All 79 patients were followed up for 
at least 3 months, with a median follow-up of 27.1 months 
(range, 3–181 months). All patients underwent follow-up CT 
angiography for at least 3 months after initial diagnosis, with a 
mean imaging follow-up duration of 26.6 months (range, 3–126 
months). Of the 79 patients, 56 patients who were symptomatic 
at initial diagnosis were hospitalized, with a mean length of 
hospital stay of 6.7 days (range, 2–28 days). Morphologic changes 
were also seen during follow-up, with 58 patients (73.4%) 
showing remodeling, of which 17 (21.5%) showed complete 
remodeling. Twenty patients (25.3%) showed no change, and 

Table 2. Follow-up results after conservative treatment of 
SISMAD patients

Follow-up result Value

Follow-up perioda) (mo, n = 79) 27.1 ± 34.1 (3–181)
Imaging follow-up periodb) (mo, n = 79) 26.6 ± 28.7 (3–126)
Hospital stay (day, n = 53) 6.7 ± 6.0 (2–28)
Morphologic changes on follow-up imaging (n = 79)
   No change 20 (25.3)
   Type change 1 (1.3)
   Remodeling 58 (73.4)
   Complete remodeling 17 (21.5)
   Incomplete remodeling 41 (51.9)
Maximal remodeling time (mo, n = 58) 11.0 ± 13.3 (1–80)

Values are presented as mean ± standard deviation (range) or 
number (%). 
SISMAD, spontaneous isolated superior mesenteric artery dissection.
a)Interval between first admission and latest follow-up visit; b)time 
interval between initial diagnostic imaging and latest follow-up 
imaging.

Table 3. Comparison of clinical outcomes and morphologic changes of SISMAD patients by antithrombotic use (n = 79)

Variable No-antithrombotic therapy (n = 30) Antithrombotic therapy (n = 49) P-value

Clinical outcome (n = 79)
   Hospital stay (day) 5.1 ± 1.3 (2–7) 7.7 ± 4.3 (3–28) 0.002a)

   Follow-up period (mo) 14.6 ± 17.4 (3–75) 32.6 ± 35.9 (3–181) 0.009a)

   Imaging follow-up period (mo)c) 13.9 ± 16.4 (3–75) 31.6 ± 30.8 (3–126) 0.011a)

   Pain resolution time (hr) 56.4 ± 28.9 (1–120) 52.3 ± 26.6 (10–120) 0.622a)

Morphologic change on follow-up imaging
   Remodeling (complete or incomplete) 20 (66.7) 38 (77.6) 0.288b)

   Maximal remodeling time (mo) 6.8 ± 6.3 (3–30) 13.3 ± 14.6 (1–80) 0.078a)

Values are presented as mean ± standard deviation (range) or number (%). 
SISMAD, spontaneous isolated superior mesenteric artery dissection.
a)Mann-Whitney test, b)chi-square test. c)Time interval between initial diagnosis and last imaging follow-up.
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in only 1 patient, change from type 2b to type 2a occurred. 
Mean maximal remodeling time was 11 months (range, 1–80 
months). Of the 79 patients, there was no treatment failure or 
complication after conservative treatment that resulted in later 
endovascular or surgical interventions. In the antithrombotic 
group, there were no remarkable antithrombotic-related 
complications.

The no-antithrombotic group contained 30 patients, and the 
antithrombotic group contained 49 patients. As described in 
Table 1, the main clinical characteristic different between the 2 
groups was dyslipidemia (P = 0.011). Other than dyslipidemia, 
there was no significant difference in clinical characteristics. 
Clinical outcomes and morphologic changes in the follow-
up CT scans are summarized in Table 3. The follow-up period 
(14.6 months vs. 32.6 months, P = 0.009) and imaging follow-
up period (13.9 months vs. 31.6 months, P = 0.011) were longer 
in the antithrombotic group than in the no-antithrombotic 
group. Pain resolution time (56.4 hours vs. 52.3 hours, P = 0.622) 
between the 2 groups did not show a significant difference. 
The no-antithrombotic group had a significantly shorter length 

of hospital stay (5.1 days vs. 7.7 days, P = 0.002) than the 
antithrombotic group. During follow-up, remodeling of SISMAD 
(66.5% vs. 77.6%, P = 0.288) did not show a significant difference 
between the groups. Although not statistically significant, the 
no-antithrombotic group tended to have a shorter maximal 
remodeling time (6.8 months vs. 13.3 months, P = 0.078). To 
clarify the reason for the shorter maximal remodeling time 
in the no-antithrombotic group, Pearson correlation analysis 
was conducted between maximal remodeling time and follow-
up duration for each group. Both the no-antithrombotic group 
(r = 0.875, P < 0.001) and antithrombotic group (r = 0.286, 
P = 0.081) showed a positive correlation between maximal 
remodeling time and follow-up period.

Of the 49 patients in the antithrombotic group, 6 (12.2%) 
were receiving anticoagulation treatment consisting of 
intravenous heparin and warfarin, 39 (79.6%) were receiving 
antiplatelet medication, and 4 (8.2%) were receiving both 
anticoagulation and antiplatelet treatment. The mean duration 
of antithrombotic treatment was 15.2 months (range, 3–106 
months).

Table 4. Comparison of clinical characteristics and angiographic features between remodeling and no remodeling group

Variable
Group

P-value
Remodeling (n = 58) No remodeling (n = 21)

No. of patient 58 21
Age (yr) 52.3 ± 7.5 (36–72) 61.1 ± 12.2 (44–79) 0.005a)

Male sex 47 (81.0) 16 (76.2) 0.753b)

Comorbidity
   Hypertension 14 (24.1) 7 (33.3) 0.414b)

   Dyslipidemia 9 (15.5) 0 (0) 0.103b)

   Diabetes mellitus 0 (0) 0 (0) NA
   Ischemic heart disease 1 (1.7) 0 (0) 0.734b)

   Cerebrovascular disease 3 (5.2) 0 (0) 0.561b)

Current or ex-smoker 25 (43.1) 2 (9.5) 0.005b)

History of cancer 4 (6.9) 3 (14.3) 0.375b)

Clinical feature
   Presence of pain 52 (89.7) 11 (52.4) 0.001b)

   Pain onset to treatment (hr) 58.1 ± 88.1 (0.5–480) 111.4 ± 172.8 (2–480) 0.912a)

Angiographic feature
   SMA type <0.001b)

      1 1 (1.7) 9 (41.9)
      2a 0 (0) 4 (19.0)
      2b 51 (87.9) 8 (38.1)
      3 6 (10.3) 0 (0)
   SMA length 0.001b)

      A 11 (19.0) 12 (57.1)
      B 30 (51.7) 9 (42.9)
      C 17 (29.3) 0 (0)
Previous antithrombotics 7 (12.1) 1 (4.8) 0.674b)

Values are presented as number only, mean ± standard deviation (range), or number (%). 
NA, not applicable; SMA, superior mesenteric artery.
a)Mann-Whitney test, b)Fisher exact test, c)chi-square test.
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In Table 4, we investigated clinical characteristics, including 
angiographic features, to determine predictors associated 
with SISMAD remodeling that could be obtained at the time 
of diagnosis. The remodeling group showed a statistically 
younger mean age (52.3 years vs. 61.1 years, P = 0.005) and a 
larger proportion of current or ex-smokers (43.1% vs. 9.5%, P = 
0.005) than the non-remodeling group. The remodeling group 
was associated with more frequent presence of pain compared 
to the no remodeling group (89.7% vs. 52.4%, P = 0.001). With 
respect to angiographic features, the remodeling group showed 
less frequent type-1 change and more frequent type-2b and 
type-3 changes (1.7% vs. 41.9%, 87.9% vs. 38.1%, and 10.3% vs. 
0%; P < 0.001). With respect to SISMAD length, the remodeling 
group had more frequent length-B and length-C cases (76.9% vs. 
42.9% and 29.3% vs. 0%, P = 0.001).

Age, dissection length, dissection type, current or ex-
smoker, and presence of pain were the variables included 
in the multivariate logistic regression analysis, and the final 
multivariate model is summarized in Table 5. Type-2b SISMAD 
cases were more likely to show remodeling compared to type-
1 cases, and the odds ratio were 52.185 (= e3.992, P = 0.003). 
Other factors were not found to be independent risk factors 
for remodeling in the analysis. As a goodness-of-fit test, the 
Hosmer-Lemeshow test showed a P-value of 0.973, implying that 
there was good fit. 

There were 63 symptomatic patients in the entire study 
group who were divided into the no-antithrombotic group (n 
= 23) and the antithrombotic group (n = 40). There were no 
significant differences in clinical characteristics other than 
dyslipidemia (0 vs. 17.5, P = 0.041) between the 2 groups. As 
shown in Supplementary Table 2, similar to the entire cohort 
(n = 79) of symptomatic patients, the no-antithrombotic group 
had a significantly shorter hospital stay (7.7 days vs. 5.1 days, 

P = 0.002), follow-up period (27.22 months vs. 10.6 months, P 
= 0.021), and imaging follow-up period (29.4 months vs. 10.4 
months, P = 0.022). Remodeling (82.6% vs. 82.5%, P = 0.991) 
did not show a significant difference. The mean maximal 
remodeling time was shorter in the no-antithrombotic group 
(5.5 months vs. 11.8 months, P = 0.147) but was not statistically 
significant. In Supplementary Table 3, clinical characteristics 
are compared to investigate predictors related to remodeling 
in symptomatic SISMAD patients. The results were similar to 
the entire cohort, except that the dissection length showed 
marginal significance (P = 0.053). Age, current or ex-smoker, 
dissection type, and dissection length were included in the 
multivariate logistic regression analysis, and the final model 
is summarized in Supplementary Table 4. Similar to the entire 
cohort, type-2b dissection was more likely to show remodeling 
compared to type-1 dissection, and the odds ratio were 46.562 (= 
e3.841, P = 0.003).

DISCUSSION
The aim of this study was to identify the difference 

in clinical outcomes between the no-antithrombotic and 
antithrombotic groups that were treated conservatively for 
SISMAD. Furthermore, we sought to determine the clinical 
characteristics associated with remodeling of SISMAD.

In SISMAD patients without bowel ischemia, conservative 
treatment is currently suggested as initial treatment [3,4,15,18]. 
Bowel rest, pain control, blood pressure control, and parenteral 
nutrition are the main components of conservative treatment. 
However, antithrombotic therapy is still controversial. Some 
authors have suggested routine antithrombotic therapy as a 
part of conservative treatment based on concerns of thrombus 
formation and distal embolization [4,11]. A previous study 

Table 5. Logistic regression analysis for SISMAD remodeling in follow-up imaging

Predictor β SE β Wald’s χ2 df OR (95% CI) P-value

Constant –3.908 1.441 7.352 1 0.002 (NA) 0.007
Length-A 0.086 2 0.958
Length-B –0.257 0.874 0.086 1 0.773 (0.139–4.291) 0.769
Length-C 19.251 8,759.545 0 1 229,433,739.9 (0–NA) 0.998
Type 1 8.693 3 0.034
Type 2a 17.776 19,635.75 0 1 0 (0–NA) 0.999
Type 2b 3.992 1.354 8.693 1 54.185 (3.813–769.949) 0.003
Type 3 22.591 14,669.92 0 1 6,470,918,022 (0–NA) 0.999
Presence of pain 1.586 0.914 3.013 1 4.883 (0.815–29.262) 0.083
Current or ex-smoker 1.963 1.235 2.528 1 7.123 (0.633–80.09) 0.112

Goodness-of-fit test
Hosmer & Lemeshow 1.641 (χ2) 6 0.973

Cox and Snell R2 = 0.472, Nagelkerke R2 = 0.688.
SISMAD, spontaneous isolated superior mesenteric artery dissection; SE, standard error; df, degree of freedom; OR, odds ratio; CI, 
confidence interval; NA, not applicable.
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proposed only selective antithrombotic therapy for severely 
compromised blood flow, based on the idea that antithrombotic 
therapy could increase the risk of intramural hemorrhage 
at the dissected lesion [3,10]. Other studies have suggested 
conservative treatment without antithrombotic therapy [5,12]. 
Few studies have compared antithrombotic therapy and no-
antithrombotic therapy, and they revealed no significant 
difference in clinical outcomes between the 2 groups [3,17]. 
In a meta-analysis of 35 articles [14], antithrombotic treatment 
for SISMAD regardless of symptoms did not yield beneficial 
outcomes, and its use was not recommended. Our results 
show that not only did antithrombotic therapy yield no clinical 
benefits but also that the no-antithrombotic group showed 
significantly shorter length of hospital stay and tended to have 
shorter maximal remodeling time. 

The reason for the shorter length of hospital stay in 
the no-antithrombotic group was because patients in the 
antithrombotic group treated with anticoagulation required 
longer hospitalization for warfarin titration. Even if the 
antithrombotic group was divided into an antithrombotic-
without anticoagulation group and an antithrombotic-with 
anticoagulation group, the length of hospital stay tended to 
be longer in the antithrombotic-with anticoagulation group 
(10.7 days vs. 6.7 days, P = 0.067). Even though novel oral 
anticoagulants (NOACs) are convenient and do not require 
titration, the National Health Insurance does not cover NOACs 
in these circumstances, limiting prescription.

With respect to maximal remodeling time, Pearson 
correlation analysis revealed positive correlation between 
maximal remodeling time and outpatient follow-up duration. 
We believe that this is due to several reasons. Because the no-
antithrombotic strategy was started in the later period of the 
study, the follow-up duration was naturally shorter in this group 
than in the antithrombotic group. In addition, we think that 
follow-up losses were more frequent in the no-antithrombotic 
group because there were no medications prescribed regularly, 
and only routine follow-up imaging. Due to our follow-up 
protocol, patients were scheduled for 3 visits and imaging 
follow-up during the first year, which was more frequent than 
the annual follow-up after the first year. During these relatively 
frequent visits, patients could have been prematurely diagnosed 
with maximal remodeling due to the relative frequency of 
imaging studies. In summary, the no-antithrombotic group 
consisted of patients with shorter follow-up durations due 
to later recruitment and relatively frequent follow-up loss. 
Patients with shorter follow-up duration may have experienced 
premature diagnosis of maximal remodeling. Unlike most other 
studies, we applied a minimum follow-up duration of 3 months, 
excluding 31 patients with less than 3 months of follow-up. We 
believe that to evaluate the relationship between morphological 
change and antithrombotic treatment, only long-term follow-

up patients should be included. Therefore, further long-term 
follow-up studies are needed to identify the true relationship 
between maximal remodeling time and antithrombotic 
treatment.

Our standard of choosing initial treatment was to opt for 
conservative treatment unless there was evidence of intestinal 
ischemia or peritonitis. Persistent or aggravating pain despite 
conservative treatment, and evidence of intestinal ischemia 
or peritonitis at the initial presentation were the criteria 
for endovascular or surgical intervention. Although these 
treatment algorithms were not very different from those in 
other studies [3,4,15,19], our results showed 0% treatment 
failure or late complications after conservative treatment that 
necessitated additional endovascular or surgical interventions, 
which is relatively low compared to previous studies (0%–22%) 
[2,3,5,6,11,12,15,18]. A review of 51 articles reported that 18.1% 
of conservative treatment resulted in additional treatment [20]. 
Heo et al. [3] reported 2 cases of late complications resulting 
in small bowel resection due to small bowel stricture at 1.5 
months and 3.8 months after diagnosis, which is shorter than 
our mean follow-up period of the no-antithrombotic group (14.6 
months; range, 3–75 months). The initial intervention rates in 
our study were 11.5%, 3.8%, and 15.4% (endovascular, surgery, 
and overall), which were not so different from those of previous 
studies, which were 3%–16%, 2–9%, and 6%–23% [2-4,16,19,20]. 
This result may imply that careful selection of initial treatment 
in SISMAD patients might make it possible to lower treatment 
failure and late complications that resulted in additional 
interventions.

In this study, we defined a new concept of maximal 
remodeling, which could be applied to various existing 
SISMAD classification methods to aid in expressing the 
degree of follow-up image changes and to help determine 
follow-up duration. There are no studies that directly mention 
termination of outpatient follow-up. Han et al. [11] mentioned 
terminating follow-up of incomplete remodeling that showed 
no progression at 12 months of follow-up CT angiography. We 
believe that future studies on SISMAD could incorporate the 
concept of maximal remodeling of SISMAD to evaluate and 
compare changes in imaging, which may also help decide the 
termination of follow-up.

Our univariate analysis of factors associated with positive 
remodeling revealed younger age, smoking history, presence 
of pain, longer dissection, and dissection type 2b or type 
3, and vice versa for negative remodeling. To explain this 
phenomenon, we hypothesized that there could be a different 
pathophysiology between symptomatic younger patients with 
smoking history showing long type-2b or type-3 dissection 
and asymptomatic older patients without a smoking history 
showing short type-1 or type-2a dissection, which affects the 
remodeling of superior mesenteric artery dissection. Since the 
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underlying cause of this disease is still unclear, further studies 
are needed to clarify these observations.

Factors associated with frequent remodeling reported in 
previous studies [3,15,16] were type-3 lesions [3], type-2 lesions 
[15], presence of symptoms, and absence of false lumen. Factors 
associated with no change were type-1 lesions [3,15]. Our 
multivariate logistic regression analysis revealed that type-
2b SISMAD was associated with more frequent remodeling, 
and type-1 SISMAD was associated with no change in follow-
up images, which is similar to results from previous studies. 
These factors could be considered at the beginning of treatment 
as useful information for discussing treatment modalities and 
outcomes with patients.

There were several limitations to this study. As a retrospective 
study, we could not randomize patients into different treatment 
groups. Because there is no widely accepted treatment guideline 
for SISMAD, the antithrombotic combination was chosen based 
on the doctors’ discretion. Baseline characteristics including 
comorbidities, clinical features, and angiographic features did 
not differ except for dyslipidemia between the 2 groups, but 
there were possible selection biases due to the inclusion of 6 
patients in the antithrombotic group although they were taking 
antithrombotic medications for their underlying diseases. 
Although our study included a relatively large number of 
patients compared to other studies, we could not compare 
anticoagulation and antiplatelet treatment separately as a 
subgroup of antithrombotic therapy. 

In conclusion, our study showed that in patients with 
SISMAD, conservative treatment without antithrombotic 
therapy may have clinical benefits such as decreased length of 
hospital stay due to not requiring warfarin titration compared 
with conservative treatment with antithrombotic therapy. 

Conservative treatment has been shown to be a successful 
treatment modality in patients without intestinal ischemia 
and with a low complication rate. Therefore, in patients with 
SISMAD, conservative treatment with antithrombotic therapy 
may have no beneficial effect compared with conservative 
treatment without antithrombotic therapy. 

SUPPLEMENTARY MATERIALS
Supplementary Tables 1–4 can be found via https://doi.

org/10.4174/astr.2021.100.3.166.
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