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Abstract

Purpose This prospective study aimed to assess the prognosis of claudication after endovascular aneurysm repair (EVAR)
involving hypogastric artery (HGA) embolization.

Methods Patients who were scheduled to undergo EVAR involving bilateral or unilateral HGA embolization (BHE or UHE,
respectively) between May 2017 and January 2019 were included in this study. Patients underwent the walk test preopera-
tively, one week postoperatively, and monthly thereafter for six months. The presence of claudication and the maximum
walking distance (MWD) were recorded. A near-infrared spectroscopy monitor was placed on the buttocks, and the recovery
time (RT) was determined. A walking impairment questionnaire (WIQ) was completed to determine subjective symptoms.
Results Of the 13 patients who completed the protocol, 12 experienced claudication in the 6-min walk test. The MWD was
significantly lower at one week postoperatively than preoperatively. The claudication prevalence was significantly higher at
five and six months postoperatively after BHE than after UHE. BHE was associated with longer RTs and lower WIQ scores
than UHE.

Conclusions We noted a trend in adverse effects on the gluteal circulation and subjective symptoms ameliorating within
six months postoperatively, with more effects being associated with BHE than with UHE. These findings should be used to
make decisions concerning management strategies for HGA reconstruction.
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Introduction

Surgical treatment is the only approach that can prevent
the rupture of abdominal aortic aneurysm (AAA) and iliac
artery aneurysm (IAA) [1]. Buttock claudication is a well-
recognized complication of intraoperative hypogastric artery
(HGA) embolization, with a reported incidence of 8-70%,
which can significantly reduce the quality of life [2-13].
Endovascular aneurysm repair (EVAR) is widely used to
treat aneurysms [14]. However, the preservation or recon-
struction of the HGA through an endovascular approach has
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anatomical limitations, and the indications for HGA salvage
are poorly understood.

Buttock claudication reportedly disappears by 12 months
after surgery [4—6], and some studies have reported that its
occurrence is not problematic [12]. Bilateral embolization,
embolization of the HGA branch, and high preoperative
physical activity levels were suggested as risk factors for but-
tock claudication [2—13]. However, most previous studies on
the subject were retrospective and only evaluated informa-
tion obtained from interviews [2—13]. Although there have
been some prospective studies investigating the incidence
of buttock claudication and gluteal circulation using walk
tests, they did not specify whether or not repeated evalua-
tions were carried out during a given time interval [15-17].

The present prospective study assessed the incidence and
prognosis of buttock claudication after HGA embolization.
To this end, we conducted a detailed evaluation of gluteal
circulation using a walk test and near-infrared spectroscopy
(NIRS).
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Methods
Study design and population

Based on previous studies, the frequency of buttock claudi-
cation was assumed to be 40% [2-5], and in this study, it was
assumed to increase by 20%. The number of cases required
to make a statistically significant difference was set at 44, so
we aimed to enroll 50 cases. We recruited all patients over
20 years old who were scheduled to undergo EVAR with
HGA embolization for AAA/TAA at our institute between
May 2017 and January 2019 for this prospective study.
Exclusion criteria were a lack of independence in activities
of daily living, a lack of ability to perform moderate-to-
vigorous daily physical activity (defined as three metabolic
equivalents or more), the presence of active inflammation,
the presence of vascular or neurogenic claudication, and
undergoing treatment that may affect the activity level (car-
diac/cardiovascular surgery, neurosurgery/cerebrovascular
surgery, laparotomy, trunk/lower-limb musculoskeletal sur-
gery, or revascularization of lower extremities) during the
study period.

This study and all of its protocols were approved by
the Ethics Committee of the Tohoku University Gradu-
ate School of Medicine and registered at the Information
Network Clinical Trial Registry (UMIN-CTR), which was
approved by the International Committee of Medical Journal
Editors (no. UMIN000025311).

Surgical protocols

In all patients, contrast-enhanced computed tomography
(CECT) was performed preoperatively, and anatomical fea-
tures (e.g., aneurysm diameter and arterial stenosis) were
evaluated. All patients underwent unilateral hypogastric
artery embolization (UHE) or bilateral hypogastric artery
embolization (BHE), after which a stent graft was placed in
the external iliac artery (EIA) as a peripheral landing zone.
In cases with isolated iliac aneurysm, the stent graft leg
was placed in the common iliac artery/EIA if anatomically
acceptable. We defined embolization of the main HGA trunk
as “proximal embolization” and separated embolization of
the superior gluteal artery (SGA) or inferior gluteal artery
(IGA) as “distal embolization.”

Walk test

The treadmill test (speed, 2.4 km/h; slope, 12%; maximum
time, 3 min) and the 6-min walk test [18] were performed
preoperatively, within 1 week postoperatively, and then
every month until 6 months after surgery. The pain-free
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walking distance (PWD) and maximum walking distance
(MWD) were evaluated from these tests. The MWD ratio
([IMWD at each time point — preoperative MWD]/preopera-
tive MWD) was calculated. The treadmill test was designed
to increase buttock load by increasing the slope [19] while
the 6-min walk test aimed at producing equivalent stress
to that experienced during daily living. The two tests were
performed at intervals of at least 15 min. We regarded “clau-
dication” to be present if it was noticed at sites where it
had not been present before surgery (including the thigh and
calf).

NIRS

During the treadmill test, we placed an NIRS monitor
(Hamamatsu Photonics, KK, Hamamatsu, Japan) bilater-
ally on the hip at the level of the greater trochanter. We
measured gluteal oxygenated hemoglobin (oxyHb), deoxy-
genated Hb (deoxyHb), total Hb, tissue oxygenation index
(TOI=oxyHb/totalHb), and recovery time (RT). The RT
was defined as the time between the end of the walk test to
the intersection of oxyHb and deoxyHb and measured for
each limb at up to 300 s after the end of walking in each
treadmill test. In cases where RT was > 300 s, we defined
RT as 300 s.

Walking impairment questionnaire (WIQ)

The WIQ [20, 21] was administered during each scheduled
walking test, except for that at one week postoperatively, to
provide subjective information.

Endpoints

The primary endpoint was the presence or absence of but-
tock claudication. The secondary endpoint was changes in
the MWD, RT, and WIQ score.

Statistical analyses

The paired z-test was used to analyze paired and normally
distributed data, and Wilcoxon’s signed-rank test was used
to analyze paired data with a non-normal distribution. Wil-
coxon’s rank-sum test was used to analyze unpaired data.
Fisher's exact test was used for the contingency table analy-
sis, and Spearman's rank correlation was used to evaluate
the bivariate correlation of non-normally distributed data
sets. We considered P <0.05 as statistically significant for
all analyses and P <0.01 as statistically significant in the
case of multiplicity.
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Results
Patient characteristics

In total, 28 patients were recruited for this study, and 13
were excluded because they were unable to visit the hos-
pital or had begun treatment for other injuries or diseases.
Two were not able to complete the follow-up; thus, 13 males
(mean age: 78 +4.2 years old) were enrolled in the anal-
ysis (Table 1). Although we aimed to enroll 50 patients,
recruitment was terminated because the period of support
from the Japan Society for the Promotion of Science had
expired. Preoperative CECT data revealed a bilaterally pat-
ent SGA and IGA in all patients, and no significant steno-
sis was observed in the HGA, SGA, IGA, common femoral
artery, or deep femoral artery (DFA) in any cases. EVAR
was carried out using a bifurcated stent graft in 10 patients
and leg stent graft in 3. Seven patients underwent UHE, and
six underwent BHE. Among patients who underwent UHE,
four underwent proximal embolization, and three under-
went distal embolization. Among patients who underwent
BHE, three underwent bilateral proximal embolization and
three underwent one-side proximal embolization and other
distal embolization. There were no cases of bilateral distal

Table 1 Patient baseline characteristics

BHE UHE p value
(n=06) (n=7)
Mean age (+SD) 78+3.8yo 79+5.1yo 0.73
Male 6 (100%) 7 (100%) 1
HT 6 (100%) 6 (86%) 1
DL 2 (33%) 1 (14%) 0.56
DM 1(17%) 2 (29%) 1
CAD 1(17%) 0 0.46
CVD 0 0 -
COPD 3 (50%) 3(43%) 1
PAD 0 0 -
Complication without buttock claudication
ABI 0 0 -
Preoperatively
Left (mean+ SE) 1.07+0.04 1.10+0.04 0.50
Right 1.07+0.06 1.13+£0.05 0.32
Postoperatively
Left 1.08+0.05 1.10+0.05 0.42
Right 1.09+0.05 1.12+0.04 0.38

SD standard deviation, HT Hypertension, DL Dyslipidemia, DM dia-
betes mellitus, CAD coronary arterial disease, CVD cerebrovascular
disease, COPD chronic obstructive pulmonary disease, PAD periph-
eral arterial disease, ABI ankle brachial pressure index, SE standard
error, BHE bilateral hypogastric artery embolization, UHE unilateral
hypogastric artery embolization

embolization (Table 2). The procedural success rate of HGA
embolization and EVAR was 100% for both. No postopera-
tive complications occurred, other than buttock claudication
associated with HGA embolization.

Primary endpoint

Twelve patients (92%) experienced claudication in the 6-min
walk test 1 week postoperatively (9 received bifurcated and 3
received leg stent grafts). Eight patients (62%) experienced
claudication during the treadmill test 1 week postoperatively
(5 received bifurcated and 3 received leg stent grafts).

Six-minute walk test

Twelve patients experienced claudication one week postop-
eratively. The sites of pain were the buttocks (n=7), thigh
(n=4), and calf (n=5). Three patients with thigh claudi-
cation experienced buttock claudication. Four patients
experienced only calf claudication, and their postopera-
tive ankle—brachial pressure index (ABI) was not reduced
compared with the preoperative ABI. Claudication was
observed with reproducibility until it disappeared, regard-
less of its site. The number of patients experiencing clau-
dication decreased gradually with increasing time after sur-
gery (Fig. 1). All patients with claudication that persisted

Table 2 Anatomical and technical features

BHE UHE p value
(n=06) n="7)

Location of Aneurysms

AAA 2 (33%) - 0.19

AAA + unilateral CIA 1 (17%) 3(43%) 0.56

Unilateral CIA - 2(29%) 0.46

Bilateral CIA 1 (17%) - 0.46

Unilateral CIA + bilateral HGA 2 (33%) - 0.19

Unilateral HGA - 2(29%) 0.46
EVAR technique

Bifurcated 6 (100%) 4 (57%) 0.21

Leg - 3(43%) 0.21
Embolization technique

Proximal - 4(57%) -

Distal - 343%) -

Bilateral proximal 3 (50%) - -

One side proximal the other distal 3 (50%) - -
Embolization device

Plug 2 (33%) 2(33%) 1

Coils 1 (17%) 4(57%) 0.27

Plug and Coils 3 (50%) 1(17%) 0.27

AAA abdominal aortic aneurysm, HGA hypogastric aneurysm, CIA
common iliac aneurysm, EVAR endovascular aneurysm repair

@ Springer



1648

Surgery Today (2022) 52:1645-1652

14
O Unilateral embolization

5 M Bilateral embolization

6 3
2
4 I I
2
0

lweek  1month 2months 3months 4months 5months 6months
Periods from surgery

.
15

o

Cases with claudication

Fig. 1 Bar graphs illustrating the incidence of claudication based on
the 6-min walk test for patients who underwent bilateral hypogastric
artery embolization or unilateral hypogastric artery embolization.
4, 5, and 6 months postoperatively, the incidence of claudication
was higher in patients who underwent bilateral hypogastric artery
embolization compared to that in patients who underwent unilateral
hypogastric artery embolization

until five and six months after surgery had undergone BHE.
The number of patients with claudication was significantly
higher in the BHE group at 5 and 6 months (p =0.02) post-
operatively than preoperatively (Fig. 1).

The MWD ratio one week after surgery was significantly
lower than the preoperative value (0 vs.—0.15+0.20,
p<0.01). The MWD ratios were significantly improved at
all later time points compared with that at one week postop-
eratively (Fig. 2). There were no marked differences in the
MWD or MWD ratio in relation to BHE or UHE.

There was no significant correlation between the PWD
and postoperative duration (p=0.23, p=0.10).

Treadmill test and NIRS

Although 8 patients (62%) experienced claudication dur-
ing the treadmill test 1 week postoperatively, this num-
ber decreased gradually over time (to 7, 6, 5, 4, 5, and
2 patients at 1, 2, 3, 4, 5, and 6 months postoperatively,
respectively). The sites of pain were the buttocks (n=7),
and calf (n=4). One patient experienced only calf claudi-
cation, and his postoperative ABI was not reduced. Clau-
dication was observed with reproducibility until it disap-
peared, regardless of its site.

One patient was excluded from the NIRS analysis
because of poor-quality image data. The RT 3 months after
the surgery was significantly longer than the preoperative
value (90 [45, 165] vs. 238 [150, 293], p=0.039; Fig. 3a).
However, that significant difference disappeared four—six
months after surgery. We found RT to be significantly
longer or showing a tendency to be longer among patients
who underwent BHE, particularly 2 and 4 months post-
operatively, compared with UHE (292.5 [97.5, 300] vs.
80 [53.8, 159], p=0.096; 165 [90, 230] vs. 45 [10, 110]
p=0.040; Fig. 3b). There was no significant difference in
the TOI between the groups.

wiQ

Preoperatively, the WIQ was perfect for all patients, except
for speed-related items, as most patients did not make run-
ning part of their daily activities. The WIQ scores tended
to be lower postoperatively than they had been before sur-
gery (Fig. 4). The WIQ scores, especially in pain- and
distance-related items, showed a tendency to ameliorate
gradually after surgery (Supplemental Fig. 5).

p=.42

Fig.2 Preoperative and post-
operative maximum walking
distance (MWD) ratio (%),
as determined by the 6-min -
walk test. The MWD ratio was
significantly lower one week
postoperatively compared to
the baseline. There was no
significant difference between
the MWD at baseline and after
six months postoperatively and
between the MWD ratio of
patients who underwent bilat-
eral hypogastric artery emboli-
zation and that of patients who
underwent unilateral hypogas-
tric artery embolization

10

OAO

<)
|

-10 —

MWD ratio (%)

-20 —

p=.32

e

QO Total n=13

A Bilateral

embolization

3 Unilateral
embolization

#% 3 ‘

T
Pre-op

@ Springer

1 week

T T T T T T T
1 month 2 months 3 months 4 months 5 months 6 months



Surgery Today (2022) 52:1645-1652

1649

Fig.3 a Preoperative and
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b Box plot illustrating the
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Discussion

This prospective study demonstrates the high incidence of
reduced walking ability and claudication in the early postop-
erative period following both UHE and BHE. Although the
walking distance returned to the preoperative level within
six months postoperatively, patients who underwent BHE
reported more persistent subjective symptoms of claudica-
tion and a lower quality of life than those who underwent
UHE.

Despite the high incidence of claudication associated
with HGA embolization, few prospective studies have exam-
ined the prognosis of this disorder. This study is unique in
providing both subjective and objective evaluations of the
natural course of claudication after EVAR involving HGA
embolization over a fixed period.

BHE, distal embolization, young age, and high preop-
erative activities of daily living are reportedly risk fac-
tors of buttock claudication [2—13]. The incidence of
claudication was 92% in the present study’s cohort, which
greatly exceeds previously reported rates [2—13], sug-
gesting that the risk of claudication may be higher than

previously considered. We found that there was no sig-
nificant difference in the initial incidence of claudication
between patients undergoing BHE or UHE and between
those undergoing proximal or distal embolization. Most
previous studies used patient interviews to detect claudi-
cation [2-13], whereas we performed a detailed evalua-
tion involving walking tests from one week to six months
postoperatively. The protocol of the present study, thus,
enabled the detection of claudication associated with
HGA embolization beyond the initial postoperative period,
which would have been missed in previous studies.

We found subjective symptoms of claudication to be sig-
nificantly more persistent following BHE than following
UHE,; this may have been influenced by the development of
collateral flow and compensatory mechanisms. A previous
study identified DFA as an important source of collateral
flow to the ipsilateral HGA [22]. However, the severe symp-
toms of gluteal ischemia that we observed in patients who
underwent BHE suggest that contralateral HGA may be a
source of collateral flow. The MWD in the 6-min walk test
improved to preoperative levels, regardless of the type of
embolization. Thus, patients’ efforts and the development
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Fig.4 Box plot illustrating the
preoperative and postoperative
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of collateral flow contributed to the recovery of walking
distance.

The benefits of NIRS in the evaluation of blood flow in
the gluteal muscles have been reported in numerous studies
[15-17, 22, 23], and the utility of RT as an indicator of the
severity of the peripheral arterial disease has been described
[16, 24]. We found that RT (an objective indicator) and WIQ
(a subjective indicator) both remained poorer in patients who
underwent BHE compared with those who underwent UHE.
This might indicate that decreased blood flow that cannot be
compensated by the development of collateral vessels occurs
following BHE.

Previous studies have not considered infrainguinal clau-
dication as a complication of HGA embolization. However,
we found some cases of claudication in the thigh or calf.
Gluteal ischemia has been reported to cause lower-limb clau-
dication without a reduced ABI [25]. These cases of clau-
dication were observed with reproducibility and were, thus,
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regarded as complications of HGA embolization as well as
buttock claudication. As the IGA is connected to the DFA
[26], the blood flow in the boundary area may depend on
either the IGA or DFA. Blood flow to boundary areas via the
DFA may increase after HGA embolization to compensate
for the decreased blood flow. This may result in decreased
flow of the superficial femoral artery, leading to lower-limb
claudication. There was no marked difference between the
pre- and postoperative rest ABI. If the exercise ABI had been
measured, it might have explained the reason behind the
occurrence of lower-limb claudication [25, 27, 28].

The inferior mesenteric artery (IMA) and lumbar artery
are connected to the HGA [29], and they could be important
in collateral flow to the HGA. All patients who underwent
EVAR with leg stent graft experienced claudication, and
their IMA and lumbar artery were patented. This indicates
that claudication can be observed with hypogastric artery
embolization regardless of the patency of IMA and lumbar
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artery. However, we were unable to verify that the patency
of the IMA and lumbar artery contributes to the early disap-
pearance of claudication.

The use of two different types of walking tests (treadmill
and the 6-min walk test) enabled us to evaluate subjective
and objective indicators (i.e., WIQ and RT, respectively).
The sites of pain differed between the 6-min and treadmill
walk tests, possibly due to the differences in walking speed
and the presence of slope.

This study has several limitations that should be acknowl-
edged. First, the sample size was small, which might have
prevented us from identifying some statistically significant
findings. Second, the follow-up period should be carefully
considered. Although we observed recovery of walking
distance, recovery of the quality of life and hemodynam-
ics may take longer; therefore, whether or not the test time
was appropriate or whether extended data collection would
have given different results are unclear at present. However,
the extension of the testing time would likely increase the
burden on patients. Third, EVAR was carried out using
bifurcated and leg stent grafts; therefore, we have not suf-
ficiently evaluated the effects of collateral circulation, such
as the IMA and lumbar artery. Fourth, this study used wired
NIRS; wireless NIRS may have been more appropriate for
avoiding probe misalignment during walking. Although the
utility of NIRS for evaluating buttock circulation has been
reported [17, 22, 23], the most appropriate method remains
debatable. Prolongation of buttock RT was also observed in
patients with thigh and calf claudication. It was suggested
that the circulation of the gluteal muscles was reduced even
in patients with claudication other than in the buttocks [25].
In addition, the RT may have been able to be detected more
sensitively by attaching the probe to the sites of pain. Fifth,
although this study demonstrates a high incidence of “clau-
dication”, it included not only newly onset postoperative but-
tock pain but also thigh or calf pain while walking.

Conclusions

This prospective study demonstrated that the incidence of
buttock claudication after EVAR involving HGA emboliza-
tion may be higher than previously believed. Furthermore,
our findings indicate that undergoing BHE is associated
with a significantly worse prognosis in terms of claudica-
tion, recovery of buttock hemodynamics, and the quality of
life up to six months postoperatively than preoperatively.
The results of this study will be of interest to clinicians and
surgeons and may help inform decisions regarding recon-
struction or preservation of the HGA. These findings are
also expected to help preserve patients’ activities of daily
living and quality of life.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00595-022-02502-x.

Funding This work was supported by JSPS KAKENHI Grant number
JP16K09471.

Declarations
Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Brewster DC, Cronenwett JL, Hallett JW Jr, Johnston KW,
Krupski WC, Matsumura JS. Guidelines for the treatment
of abdominal aortic aneurysms Report of a subcommittee of
the Joint Council of the American Association for Vascu-
lar Surgery and Society for Vascular Surgery. J Vasc Surg.
2003;37:1106-17.

2. Lin PH, Bush RL, Chaikof EL, Chen C, Conklin B, Terramani
TT, et al. A prospective evaluation of hypogastric artery embo-
lization in endovascular aortoiliac aneurysm repair. J Vasc Surg.
2002;36:500-6.

3. Mehta M, Veith FJ, Darling RCIII, Roddy SP, Ohki T, Lipsitz
EC, et al. Effects of bilateral hypogastric artery interruption
during endovascular and open aortoiliac aneurysm repair. J Vasc
Surg. 2004;40:698-702.

4. ChunJY, Mailli L, Abbasi MA, Belli AM, Gonsalves M, Mun-
neke G, et al. Embolization of the internal iliac artery before
evar: is it effective? Is it safe? Which technique should be used?
Cardiovasc Intervent Radiol. 2014;37:329-36.

5. Fujioka S, Hosaka S, Morimura H, Chen K, Wang ZC, Toguchi
K, et al. Outcomes of extended endovascular aortic repair for
Aorto-Iliac aneurysm with internal iliac artery occlusion. Ann
Vasc Dis. 2017;10:359-63.

6. Razavi MK, DeGroot M, Olcott CIII, Sze D, Kee S, Semba
CP, et al. Internal iliac artery embolization in the stent-graft
treatment of aortoiliac aneurysms: analysis of outcomes and
complications. J Vasc Interv Radiol. 2000;11:561-6.

7. Farahmand P, Becquemin JP, Desgranges P, Allaire E, Mar-
zelle j, Roudot-Thoraval F, et al. Is hypogastric artery embo-
lization during endovascular aortoiliac aneurysm repair
(EVAR) innocuous and useful? Eur J Vasc Endovasc Surg
2008; 35: 429-435

8. Kouvelos GN, Katsargyris A. Antoniou GA, Oikonomou K,
Verhoeven ELG, et al. Outcome after interruption or preserva-
tion of internal iliac artery flow during endovascular repair of
abdominal Aorto-iliac aneurysms. Eur J Vasc Endovasc Surg
2016; 52: 621-634

@ Springer


https://doi.org/10.1007/s00595-022-02502-x
http://creativecommons.org/licenses/by/4.0/

1652 Surgery Today (2022) 52:1645-1652
9. ‘t Mannetje YW, Broos PPHL, Teijink JAW, Stokmans RA, 21. Hiatt WR, Hirsch AT, Regensteiner JG, Brass EP. Clinical tri-
Cuypers PWM, van Sambeek MRHM, et al. Midterm results als for claudication. Assessment of exercise performance, func-
after abandoning routine preemptive coil embolization of the tional status, and clinical end points. Vascular clinical trialists.
internal iliac artery during endovascular aneurysm repair. J Circulation. 1995 ;92: 614-621.
Endovasc Ther. 2019; 26: 238-244 22. Sato H, Sato A, Watanabe T, Goto H, Handa K, Akamatsu D,

10. Jean-Baptiste E, Brizzi S, Bartoli MA, Sadaghianloo N, Baqué et al. Evaluation of pelvic blood flow using near-infrared spec-
J, Magnan PE, et al. Pelvic ischemia and quality of life scores troscopy during abdominal aortic aneurysm operation. Jpn J
after interventional occlusion of the hypogastric artery in Vasc Surg. 2006;15:541-50.
patients undergoing endovascular aortic aneurysm repair. J Vasc 23. Inuzuka K, Unno N, Yamamoto N, Sagara D, Suzuki M. Intraop-
Surg. 2014;60:40-9. erative monitoring of pelvic hemodynamics using near-infrared

11. Dierks A, Sauer A, Wolfschmidt F, Hassold N, Kellersmann spectroscopy during endovascular abdominal aortic aneurysm
R, Bley TA, et al. Proximal occlusion of unaffected internal repair. J Jpn Coll Angiol. 2007;47:39-45.
iliac artery versus distal occlusion of aneurysmatic internal 24. Sato K, Kinjo M, Nishimaki H, Nishiyama N, Kakita A. Near
iliac artery prior to EVAR: a comparative evaluation of effi- infrared spectroscopy for objective assessment of the severity
cacy and clinical outcome. Br J Radiol. 2017;90:20160527. of intermittent claudication. Jpn J Vasc Surg. 1998;7:813-20.

12. Luijten JC, Poyck PP, D’hauwers K, Warlé MC, et al. The 25. Gernigon M, Marchand J, Ouedoraogo N, Leftheriotis G, Pic-
influence of Internal iliac artery occlusion after endovascular quet JM, Abraham P. Proximal ischemia is a frequent cause
abdominal aneurysm repair on buttock claudication and erectile ofexercise-induced pain in patients with a normal ankle to
dysfunction: a matched case-control study. J Cardiovasc Surg brachial index at rest. Pain Physician. 2013;16:57-64.

2020; 61: 431-458. 26. Kato N. On the profunda femoris artery, especially its perforat-

13. Igari K, Kudo T, Toyofuku T, Jibiki M, Inoue Y. Comparison ing branches, and the arterial supply of the back of the thigh. J
between endovascular repair and open surgery for isolated iliac Okay Med Assoc. 1962;74:841-56.
artery aneurysms. Surg Today. 2015;45:290-29674. 27. Gerhard-Herman MD, Gornik HL, Barret C, Barshes NR, Cor-

14. Baba T, Ohki T, Maeda K. Current status of endovascular treat- riere MA, Drachman DE, et al. 2016 AHA/ACC guideline on
ment for thoracoabdominal aortic aneurysms. Surg Today. 2019. the management of patients with lower extremity peripheral
https://doi.org/10.1007/s00595-019-01917-3. artery disease. Circulation. 2017;135:¢726-79.

15. Kudo T, Inoue Y, Iwasaki T, Nakamura N, Matsukura I, Sugano 28. Mahé G, Catillon F, Tollenaere Q, Jéhannin P, Guilcher A,
N, et al. Buttock claudication after abdominal aortic aneurys- Pabic EL, et al. Discordance of peripheral artery disease diag-
mectomy. Jpn J Vasc Surg. 2001;10:485-90. nosis using exercise transcutaneous oxygen pressure meas-

16. Komiyama T, Shigematsu H, Yasuhara H, Muto T. An objec- urement and post-exercise ankle-brachial index. Sci Rep.
tive assessment of intermittent claudication by near- infrared 2020;10:7419.
spectroscopy. Eur J Vasc Surg. 1994;8:294-6. 29. Bjorck M, Bergqvist D. Blood-flow of the inferior mesenteric and

17. Taudorf M, Nielsen MB, Schroeder TV, Lonn L, Nielsen HB. internal iliac arteries among patients undergoing open surgery for
Endovascular aortic repair reduces gluteal oxygenation. Acta abdominal aortic aneurysm. Vasa. 2006;35:11-4.

Radiologica Open 8(5) 1-6. (The Foundation Acta Radio-
logica 2019) Publisher's Note Springer Nature remains neutral with regard to

18. ATS statement: guidelines for the six-minute walk test. Am J jurisdictional claims in published maps and institutional affiliations.
Respir Crit Care Med. 2002; 166: 111-117.

19. Pickle NT, Grabowski AM, Auyang AG, Silverman AK. The
functional roles of muscles during sloped walking. J Biomech.
2016;49:3244-51.

20. Regensteiner JG, Steiner JF, Panzer RJ, Hiatt WR. Evaluation of

walking impairment by questionnaire in patients with peripheral
arterial disease. J] Vasc Med Biol. 1990;2:142-52.

@ Springer


https://doi.org/10.1007/s00595-019-01917-3

	Prospective clinical study for claudication after endovascular aneurysm repair involving hypogastric artery embolization
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Surgical protocols
	Walk test
	NIRS
	Walking impairment questionnaire (WIQ)
	Endpoints
	Statistical analyses

	Results
	Patient characteristics
	Primary endpoint
	Six-minute walk test
	Treadmill test and NIRS
	WIQ

	Discussion
	Conclusions
	References




