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Objective: To assess the outcome of surgical (SR) and
endovascular (ER) reconstruction for chronic mesen-
teric ischemia (CMI). Methods: Retrospective review
of consecutive patients who underwent SR or ER for
CMI in 3 UK vascular surgery units between 1996 and
2006. Early (<30 days; technical success, morbidity,
mortality, length of hospital stay) and late (>30 days)
outcomes (symptom recurrence, vessel/graft patency,
reintervention, mortality) were assessed. Results: A
total of 27 patients underwent 32 reconstructions
(SR=17,ER = 15). A total of 44 of 56 (79%) diseased
arteries underwent SR (n = 26; bypass = 24, reimplan-
tation = 2; occlusion = 16, stenosis = 10) or ER
(n = 18; stenosis = 16, occlusion = 2). Perioperative

mortality for SR and ER was 6% and 0%, respectively
(P > .99). Hospital stay was shorter following
ER (mean, 4.3 vs. 14.2 days, P = .0003). Mean
(range) follow-up for SR and ER was 34 (1-94)
and 34 (0-135) months, respectively. At 2 vyears,
SR demonstrated superior secondary patency
(100% vs. 65%) and clinical patency (100% vs. 73%).
Conclusions: Surgical mesenteric reconstruction is
associated with significantly longer hospital stay, but
superior long-term outcome compared to endovascular
reconstruction.

Keywords: chronic mesenteric ischemia; endovascular;
surgical

Introduction

It is estimated that 1 in 6 people older than 65 years
of age have significant atherosclerotic disease
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affecting the mesenteric arteries." Progression to
chronic mesenteric ischemia (CMI) occurs in less
than 7% of these individuals, particularly those with
multivessel disease.>* Since the first successful
superior mesenteric endarterectomy reported by
Shaw et al in 1958, surgical mesenteric reconstruc-
tion (SR) has become the standard treatment for
CMI, despite often considerable perioperative mor-
bidity and mortality.* '® Furrer et al reported the first
successful percutaneous mesenteric angioplasty in
1980 since when endovascular mesenteric recon-
struction (ER) has become an accepted treatment
option.'" Although ER has lower perioperative mor-
tality and morbidity compared to SR, the reported
long-term symptom relief and survival free from rein-
tervention are inferior.”'*'® Careful review of the
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English language literature reveals only 5 studies, all
from North America, comparing SR and ER for
CMIL.>"®2! The aim of this study was to report the
contemporary results of SR and ER performed in 3
UK vascular surgical units, with particular emphasis
on long-term symptomatic relief and vessel patency.

Methods

A retrospective review of consecutive patients who
underwent elective SR or ER for CMI in the Vascular
Surgery Units at the Heart of England NHS Founda-
tion Trust (HoE), University Hospital Birmingham
NHS Foundation Trust (UHB), and Sandwell and
West Birmingham Hospitals NHS Trust (SWB)
between 1996 and 2006 was performed. Patients
were identified through vascular registries, individual
and hospital operative logbooks, and radiological
records.

Case notes were reviewed and the following
clinicopathological data were retrieved: patient demo-
graphics, medical comorbidity, clinical presentation,
diagnostic investigations, indications for intervention,
and surgical or/and endovascular operative records.
Patients undergoing concomitant procedures were
included in the study if the primary presenting
symptoms were due to CMI.

Early (within 30 days of the index procedure)
outcome including technical success, reintervention,
major morbidity, mortality, and length of hospital
stay were analyzed. Late (greater than 30 days of the
index procedure) outcome including symptom recur-
rence, vessel/graft patency, reintervention, and
mortality were assessed.

Data were collected on preprocedure and follow-up
imaging: duplex ultrasound, percutaneous angio-
graphy (PA), computed tomographic angiography
(CTA), or magnetic resonance angiograpghy (MRA).
A diseased artery was defined as >50% stenosis.
Vessel/graft stenosis was defined as radiographic
evidence of >50% stenosis. Alive patients were
contacted, where possible, to assess for recurrence
of symptomatology that was defined as the return of
the presenting symptoms.

Statistics

Differences between patient characteristics were
assessed using Fisher exact test for categorical

variables and 2-sample ¢ test or Wilcoxon rank sum
test for continuous variables. Primary and secondary
patency, clinical patency (asymptomatic), patient sur-
vival, and patient survival free from reintervention
rates were calculated using the Kaplan-Meier method
on “an intention to treat” basis. For the purpose of
analysis, the SR cohort included both primary recon-
structions and those who had secondary SR after
previous ER. Comparison was made using log-rank
tests and stratified univariately for covariables. A
probability value of less than .05 was considered
statistically significant.

Results

Patient Population

A total of 27 patients with 56 diseased mesenteric
arteries underwent 32 mesenteric arterial recon-
structions. In all, 17 SRs (UHB = 12, HoE = 4,
SWB = 1) were performed in 17 patients (6 men;
mean age 70, range 43 to 80 years) with 38 diseased
vessels. All patients presented with abdominal pain
and significant weight loss. In addition, 6 (35%)
patients had 1 or more concomitant presenting
symptoms that included diarrhoea, sitophobia, and/
or nausea/emesis. A total of 15 ERs (HoE = 7,
UHB = 5, SWB = 3) were attempted in 15 patients
(7 men; mean age 68, range 43 to 86 years) with 28
diseased vessels. All patients presented with abdom-
inal pain and weight loss, and 4 (27%) patients had
1 or more concomitant symptoms. Preoperative
comorbidities and anatomical distribution of mesen-
teric disease did not differ between the 2 groups

(Tables 1 and 2).

Procedural and Early Outcome

Surgical reconstruction. Inall, 17 (12 primary) SRs
were performed in 17 patients with 38 diseased ves-
sels. A total of 26 of 38 (68%) vessels underwent SR
(bypass grafts = 24, vessel reimplantation = 2; mean
[range] 1.53 [1 to 3] reconstructed vessels per
patient). In all, 16 (62%) vessels were occluded and
10 (38%) significantly stenosed. Of 17, 9 (53%) SRs
used a retrograde bypass approach, 7 (41%) an ante-
grade bypass approach and 1 used both antegrade
and retrograde approaches. Mesenteric reconstruc-
tion was combined with aorto-bifemoral bypass in
2 patients, straight graft infra-renal abdominal aortic
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Table 1. Patient Demography and Comorbidities

Endovascular ~ Open

Characteristics (n =15) (n=17) P Value
Age 68 + 14 70 £ 10  .109
Female 8 11 .72
Cardiac disease 4 1 161
PVD 5 12 .745
Renal disease 3 1 319
Smoking 13 14 1
COPD 1 0 468
Previous abdominal 2 4 .659

surgery
Hypertension 6 9 502
DM 1 1 1
Hyperlipidaemia 3 3 1

NOTES: DM = diabetes mellitus; COPD = chronic obstructive
pulmonary disease; PVD = peripheral vascular disease.

aneurysm repair in 1 patient, and aorto-bi-iliac artery
bypass in 1 patient. Bypass conduit was basilic vein
in 6 (35%) reconstructions, prosthetic in 6 (35%),
and long saphenous vein in 5 (29%; nonreversed = 2,
reversed = 3; Table 3).

A total of 13 (76%) patients required postopera-
tive admission to the intensive care unit (ICU); mean
(range) length of ICU stay was 5.7 (1 to 14) days.
Three (18%) patients required a tracheostomy
secondary to ventilator dependence, 2 (12%) required
reoperation for wound dehiscence, and 1 (6%)
developed paroxysmal atrial fibrillation. The 30-day
mortality rate was 6%; 1 patient died 9 days postopera-
tively secondary to pneumonia and multiple organ
failure; patent SR at time of death. The mean (range)
length of postoperative hospital stay was 14.2 (6 to
31) days. All patients who survived surgery were
asymptomatic at 30 days postoperatively.

Endovascular reconstruction. A total of 15 ERs were
attempted in 15 patients with 28 diseased vessels. Of
28, 18 (64%) vessels underwent attempted ER; mean
(range) 1.2 (1 to 2) reconstructed vessels per patient.
In all, 16 (89%) vessels were significantly stenosed
and 2 were occluded. A greater number of occluded
vessels were treated by SR compared with ER (P =
.0014). Endovascular reconstruction was technically
(<30% residual stenosis) and clinically successful in
14 (93%) patients who had 15 treated vessels.

An attempted angioplasty of a flush superior
mesenteric artery (SMA) occlusion failed due to
inability to cannulate the vessel; this patient was
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Table 2. Anatomical Distribution of Mesenteric
Arterial Disease

Surgical
(n=17)

Endovascular
(n=15)

Distribution of

Arterial Disease P Value

CA+ SMA +IMA 6 8
CA + SMA 1 5
CA 3 1
SMA 5 3
Mean number of 1.867 + 0.99 2.235 + 0.83 .26

vessels involved

NOTES: CA = coeliac artery; IMA = inferior mesenteric artery;
SMA = superior mesenteric artery.

discharged and readmitted 1 week later for SR
(antegrade bypass from the supracoeliac aorta to
the coeliac artery [CA] and SMA). One CA inter-
vention was a partial success but complicated by
intraprocedural stent dislodgment that required
surgical retrieval from the external iliac artery.
Despite this, the CA angioplasty demonstrated
improved intraluminal diameter with <30% residual
stenosis. Another patient had a successful CA stent
but attempted SMA angioplasty failed due to inabil-
ity to cannulate the vessel (Table 4).

Mean (range) length of hospital stay was 4.3
(1 to 26) days; 1 patient remained in hospital for
26 days for social reasons. No patients required
admission to the ICU. Mean hospital stay was sig-
nificantly shorter following ER compared to SR
(P = .0003). Intensive care unit admission was
significantly more likely following SR compared to
ER (P = <.0001; Table 5).

At 30 days postprocedure, 12 of 14 (86%)
patients who had undergone successful ER were
asymptomatic. Two (15%) patients who had under-
gone successful ER underwent SR within 30 days
of the index ER secondary to symptomatic vessel
occlusion (antegrade bypass from the supracoeliac
aorta to the coeliac artery and SMA; and retrograde
bypass from common iliac artery to SMA). There was
no 30-day mortality.

Follow-up

Mean (range) follow-up for SR and ER was 34 (1 to
94) months and 34 (0 to 135) months, respectively. A
total of 73% of ER and 88% of SR had objective
assessment of their reconstruction following hospital
discharge. Four SRs required a total of 5 reinter-
ventions (SR = 3 and ER = 2) secondary to graft
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Table 3. Surgical Reconstruction Performed
Outflow Number of Arteries
Sr Inflow Vessel Vessel Graft Revascularized Concomitant Procedure
1 Right EIA SMA Reversed LSV 1 N
Supracoeliac aorta CHA Reversed LSV N
Left CIA SMA
3 Infra-renal aorta SMA Nonreversed 27 IMA? reimplantation,
LSV aorto-bi-femoral
bypass
4 Infra-renal aorta (straight SMA Nonreversed 1 AAA repair
graft AAA repair) LSV
5 Infra-renal aorta (prosthetic) SMA Reversed LSV 1 Aorto-bi-femoral bypass
6  Supracoeliac aorta SMA Basilic vein 1
7 Supracoeliac aorta SMA Basilic vein 1 N
8§ CIA SMA Basilic vein 1 N
9  Supracoeliac aorta CHA Basilic vein 1 N
10 Right CIA ICA Basilic vein 1 N
11 Supracoeliac aorta CA Basilic vein 2 N
SMA
12 Supracoeliac aorta CA Prosthetic 2 N
SMA
13 Right EIA SMA Prosthetic 1 N
14 Supracoeliac aorta CA Prosthetic 3 N
SMA
IMA
15 Right limb of aorto-bi-iliac SMA Prosthetic 2 Aorto-bi-iliac bypass
graft
IMA
16 Supracoeliac aorta CA Prosthetic 2 N
SMA
17 Infra-renal aorta SMA Prosthetic 2b IMAP reimplantation

NOTES: CA = coeliac artery; CHA = common hepatic artery; CIA = common iliac artery; EIA = external iliac artery; ICA = internal
carotid artery; IMA = inferior mesenteric artery; LSV = lesser saphenous vein; SMA = superior mesenteric artery; N = None.

*b Concomitant procedure.

stenosis (n = 2), graft occlusion (n = 2), and anasta-
motic stenosis (n = 1). The mean (range) time to first
reintervention was 20.5 (7 to 47) months. Seven
ERs required a total of 7 reinterventions (SR = 5,
ER = 2) secondary to vessel occlusion (n = 5), vessel
dissection (n = 1), and symptom recurrence (n = 1).
The mean (range) time to first reintervention was 13
(0 to 35) months.

The 1- and 2-year primary SR patency rates were
83%. There was a statistically significant improve-
ment in primary patency associated with retrograde
approach and >2 vessels revascularized (retrograde
vs. antegrade [P = .03]; >2 vessels vs. 1 vessel recon-
struction [P = .03]). There was no significant differ-
ence depending on graft material (prosthetic vs. vein,
P = .111). The 1- and 2-year primary ER patency
rates were 65% and 54%, respectively. There was

Table 4. Endovascular Reconstructions
Performed

Endovascular Procedures Performed Number

PTA + stenting

CA 3 (1 partial failure®)
SMA 3

PTA

CA + SMA 1

CA 2

SMA 4 (1 complete failure®)
Combination

CA stent + SMA PTA 2 (1 partial failure®)

Abbreviations:CA, coeliac artery; PTA, percutaneous translum-
inal angiolplasty; SMA, superior mesenteric artery.

 Stent deployment failure.

b Failure to selectively catheterize SMA.

¢ Complete CA PTA and stent success, failed SMA PTA.
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Table 5. Perioperative Outcomes

ER SR P Value
Mean number of vessel revascularized 1.2 (1-2) 1.5 (1-3) .169
30-day complication® 7% (1/15) 35% (6/17) .088
30-day reintervention” 20% (3/15) 0% .092
30-day mortality 0% 6% (1/17) >.999
Mean length of hospital stay 4.3 (1-26) 14.2 (6-31) .0003
Mean length of ICU stay® 0 4.4 (0-14) <.0001

NOTES: ER = endovascular reconstruction; ICU = intensive care unit; SR = surgical reconstruction.

? Excluding reinterventions.
" Excluding nonrevascularization operation.
¢ Overall.

no significant difference depending on stent insertion
(angioplasty + stent vs. angioplasty alone; P = .088)
or number of vessels revascularized (>2 vessels vs.
1 vessel; P = .92). There were no differences in
primary (P = .11) patency rates at 1 and 2 years
between SR and ER.

The 1- and 2-year secondary SR patency rates
were 100%. There was no significant difference
depending on graft material, anatomical approach,
or number of vessels revascularized. The 1- and
2-year secondary ER patency rates were 65%. There
was a statistically significant improvement in second-
ary patency with stent insertion (angioplasty + stent
vs. angioplasty alone; P = .042). There was no signif-
icant difference depending on the number of vessels
revascularized. There was improved secondary
patency rates at 1 and 2 years following SR compared
to ER (P = .0061).

The 1- and 2-year clinical SR patency rates were
100%. There was no significant difference depending
on number of vessels revascularized, graft material,
or anatomical approach. The 1- and 2-year clinical
ER patency rates were 73%. There was no significant
difference depending on stent insertion or number of
vessels revascularized. There was improved clinical
patency rates at 1- and 2-years following SR com-
pared to ER (P = .014).

The 1- and 2-year patient survival rates for pri-
mary and secondary SR were 88% and 72%, respec-
tively, compared to 100% and 86% for primary ER,
respectively (P = .84). The 1- and 2-year survival
rates free from reintervention for primary and
secondary SR were 82% and 75%, respectively. The
1- and 2-year survival rates free from reintervention
for primary ER were 73% and 53%, respectively.
There was no significant difference depending on the
type of reconstruction (P = .26).

Univariate analysis did not demonstrate any
correlation between preoperative comorbidities
detailed in Table 1 and primary, secondary, clinical,
or patient survival free from reintervention rates for

SR or ER.

Discussion

To our knowledge, the current report represents the
only European series comparing SR and ER for
patients with CMI. The principal findings of the cur-
rent study were that SR was associated with (a) low
periprocedural morbidity and mortality rates, similar
to ER, (b) longer hospital stay and greater ICU
requirement than ER, and (c¢) superior long-term
clinical patency than ER. These findings are consis-
tent with those in 4 contemporary series from North
America with a total of 312 patients; no significant
difference in periprocedural mortality rates>'®2%2!
was demonstrated between SR and ER, but SR was
associated with superior primary,” secondary, and
clinical patency rates>' %2 (Table 6).

The number of vessels requiring reconstruc-
tion to ensure symptomatic relief is controversial.
Sivamurthy et al found >2 vessels reconstruction
was associated with improved symptomatic relief
(P =.02).2° McMillan et al, in a cohort of 25 patients
(38 bypasses), reported that multiple vessel bypasses
is associated with an increased number of asympto-
matic graft occlusions.?* In contrast, the Mayo clinic
reported survival and symptom recurrence to be
unaffected by the number of vessels undergoing SR
in a cohort of 98 patients.” Foley et al reported com-
parable long-term results following single vessel
bypass grafting to the SMA as with multiple vessel
SR.?? In the current series, >2 vessels reconstruction
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was associated with improved primary patency but
no improvement in secondary or clinical patency
rates in the SR cohort.

Some authors have suggested improved sympto-
matic recurrence, survival, and graft patency rates
with reconstruction of all 3 diseased mesenteric
vessels.??%*2% The benefits of such complete recon-
struction may however be offset by an increased peri-
operative complications and mortality.'” Because
of the current study’s power limitation, statistical
analysis regarding the effect of number of vessels
revascularized stratified for the number of vessels
involved in both groups is negated.

To date, only 1 comparative study has demon-
strated improved primary and secondary patency
with SR compared to ER,” while others have
reported similar patency rates.'®2%?! In the current
study, SR and ER for CMI had similar primary
patency rates, but improved secondary patency rates
were seen in the SR cohort. The main limitation of
reported studies is the lack of an objective assess-
ment of the reconstruction during follow-up. Atkins
et al had radiographic follow-up data in 65% and 59%
of ER and SR cases, respectively, while the Cleve-
land clinic series had follow-up data in 68% of ERs
and 64% of SRs.>'® In our series, 73% of ERs and
88% of SRs had radiographic follow-up data available
for analysis. Despite issues of primary and secondary
patency, the most important clinical outcome in this
group of patients is clinical patency, synonymous with
symptomatic relief. In the current study, the 2-year
clinical patency rates after SR and ER were 100% and
73%, respectively, which compares well with those
reported from North America.>'®2°

The inherent weakness of many studies, includ-
ing the current series, is the significant increased
severity of the mesenteric arterial disease treated
by SR compared to ER. Two studies have failed to
demonstrate a significant difference in clinical out-
come or patency rates following ER for occlusive dis-
ease compared to stenotic disease, but both studies
were limited by the small numbers of occluded ves-
sels.'>?° In the current series, there was a tendency
toward increased periprocedural reintervention fol-
lowing ER compared to SR but this did not correlate
with the extent of atherosclerotic disease. One third
of patients who underwent primary ER ultimately
required SR. Previous endovascular intervention did
not appear to complicate subsequent SR.

The authors recognize that the relative low case-
load of the current study makes subgroup analysis

Treatment of Chronic Mesenteric Ischemia / Davies et al 163

in a group of heterogeneous patients difficult to
interpret and multivariate analysis invalid. Despite
this, the excellent immediate and late outcomes of
the current study compare favorably with the high-
volume North American series.

In summary, SR and ER have similar early mor-
bidity and mortality. An improved clinical patency
was noted in SR in contrast to ER. Although ER may
be an acceptable first-line treatment option in appro-
priately selected patients, a third of these patients
may ultimately undergo SR.
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