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WHAT THIS PAPER ADDS

Type I Takayasu arteritis (TA) is a progressive inflammatory disease involving the aortic arch and its main
branches. If untreated, patients may develop hemiplegia or die at a young age. However, few cases have focused
on simultaneous multi-supra-aortic artery (SMSAA) bypass in patients with type I TA. This study shares a large
experience with this technique, and describes the results of simultaneous open surgical treatment of multiple
supra-aortic trunk vessels affected by TA.
Objective: Type I Takayasu arteritis is common in Chinese patients and usually leads to cerebral ischaemia. There
are limited data regarding simultaneous multi-supra-aortic artery (SMSAA) bypass in patients with type I
Takayasu arteritis. The present study shares experience of using this method.
Methods: Seventeen patients with Takayasu arteritis who received SMSAA bypass from June 2012 to March 2016
were included in this analysis. Demographic features and basic information were recorded. Follow up results,
including major complications, patency rates, and survival rates, were also obtained. The EQ-5D questionnaire
was also administered to evaluate the quality of life of patients.
Results: Among these 17 patients, there were 77 supra-aortic arteries affected by TA and 37 arteries were
reconstructed, 10 with great saphenous vein and 27 with artificial blood vessels. All the operations were
technical successes and the mean operation time was 396.6 � 93.4 min. The patients were followed for a
mean of 25.2 � 12.3 months. Two graft restenoses were found, and both were successfully recanalised by
balloon dilatation. One patient suffered a minor stroke but was free from obvious sequelae. No major
complications, recurrent symptoms, or deaths occurred during the follow up period. The EQ-5D questionnaire
scores were significantly improved after the operation compared with the pre-operative scores (87.14 � 8.25
vs. 58.93 � 14.4, p < .01), and all the patients enjoyed a satisfactory quality of life.
Conclusion: SMSAA bypass in type I Takayasu arteritis can be effectively and safely performed with rigorous peri-
operative management. Maintaining the patency of the bypass graft relieves the symptoms of cerebral ischaemia
and helps sustain patients’ quality of life.
� 2018 European Society for Vascular Surgery. Published by Elsevier B.V. All rights reserved.
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INTRODUCTION

Takayasu arteritis (TA) is a chronic inflammatory arteritis
that affects large vessels, primarily the aorta and its major
branches. This condition can result in significant morbidity
and premature mortality, predominantly in young Asian
females.1,2 Supra-aortic vessel involvement is the most
common type in Chinese populations, and can result in
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cerebral ischaemia or infarction, visual disturbances, or
pulseless syndrome, which are usually related to a poor
prognoses.3 A delay in the diagnosis and treatment of TA or
the failure of vascular intervention increases the risk of poor
patient outcomes.4 According to Ishikawa’s prognostic
classification system, conservative treatment is recom-
mended for patients with stage 1 or 2 type I Takayasu
arteritis, and surgery generally increases the long-term
survival of patients with stage 3 disease.5 Previous reports
have shown that surgical bypass has superior patency to
endovascular treatment and that carotid bypass is the pri-
mary method to treat type I TA, especially in diffuse
vascular lesions.6e8 Furthermore, single carotid bypass is
generally recommended over simultaneous multi-supra-
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aortic artery (SMSAA) bypass, given that the latter is
thought to increase the risk of cerebrovascular events, such
as cerebral hyperperfusion syndrome and intracerebral
haemorrhage. However, from previous experience, with
rigorous patient selection as well as proficient surgical
techniques, strict blood pressure control, and sufficient
immunosuppressive and osmotic diuretic agent usage dur-
ing peri-operative management, SMSAA bypass can be
safely and effectively carried out in patients with type I TA.
The purpose of this study is to share successful experience
with SMSAA bypass.

METHODS

Patients

Following approval by the Institutional Review Board, this
retrospective study enrolled 142 TA patients who underwent
revascularisation between June 2012 and March 2016. All the
patientswerediagnosedwith TAaccording to the criteria of the
American College of Rheumatology and experienced wors-
ening symptoms during management with anti-inflammatory
agents. Only 17 participants underwent SMSAA bypass.

The indications for SMSAA are as follows: 1) computed
tomography angiography confirming more than three
supra-aortic vessels including both carotid arteries with a
stenosis >70% and lesion length >5 cm, or aneurysm for-
mation; 2) symptoms that seriously affect the quality of life
and symptomatic worsening during management with anti-
inflammatory agents; 3) accessibility of normal vessels for
bypass; 4) cerebral arteries and peripheral arteries in good
condition (i.e. adaptable to fluctuations in blood pressure);
and 5) systemic conditions that can tolerate SMSAA bypass
so that the terms of hypertension, diabetes, coronary heart
disease, and hyperlipidaemia were evaluated, which are
regarded as risk factors for open surgery. In addition, the
patients who did not meet the above selection criteria or
who were comorbid with another disease that could not
tolerate a bypass procedure were excluded.

The potential risks and complications of the procedure,
such as cerebral haemorrhage, cerebral infarction, and
vascular graft restenosis or occlusion, were fully explained to
each patient, in addition to alternative treatments. The pa-
tients provided written informed consent to receive simul-
taneous multi-supra-aortic vessel reconstruction. The
records included details of the patients’ pre-operative con-
ditions, operative information, and post-operative follow up.
Complete follow up was conducted until February 28, 2017.

Operative management

Erythrocyte sedimentation rate (ESR) and the C-reactive
protein (CRP) level were used as biological markers of
inflammation. Active stage TA was defined as having one or
more of the following signs: ESR (>21 mm/h), CRP (>2 mg/
dL), the presence of systemic symptoms, prednisone
use > 30 mg/qd, carotid tenderness, pulselessness, or
arterial wall thickening as detected by computed tomogra-
phy angiography. Attempts were made to carry out the
operation during an inactive stage of the disease.
Therefore, all the patients’ great saphenous veins (GSVs)
were evaluated by ultrasound before the operation. If the
diameter of the GSV was >3.8 mm and if the vein was long
enough, the GSV was chosen as a vascular graft. If these
criteria were not met, artificial blood vessels (ABVs) were
chosen. Individual SMSAA bypass protocols were strictly
designed by the multidisciplinary team. Choosing a normal
portion of the vessel as the site of anastomosis was the
most important aspect of the surgical plan. Among the
patients, the ascending aorta, innominate artery, or sub-
clavian artery were chosen as inflow vessels and carefully
evaluated by computed tomography angiography. A
continuous invasive blood pressure monitor was used dur-
ing the operation. The operation time, aortic occlusion time,
and blood loss volume were recorded. To reduce the arterial
occlusion time, the vascular grafts were sutured together
before being sutured to the aorta.

After the operation, all the patients were managed in the
ICU for 1e3 days of haemodynamic and neurological moni-
toring as well as to control the mean arterial pressure (MAP)
using a continuous invasive blood pressure monitor. The right
lower limb blood pressure was carefully monitored because
subclavian arteries are usually impacted by TA. Corticoste-
roids as well as osmotic diuretic, antihypertensive, immu-
nosuppressive, antiplatelet, or anticoagulation drugs were
administered on a case by case basis.

Success was defined by improvement in the symptoms of
cerebral ischaemia observed during the hospital stay; these
improvements included the remission of dizziness,
improvement in visual disturbances, and disappearance of
headaches as well as the absence of major complications.
Post-operative follow up

To assess the post-operative results, the patency of the
bypass grafts, recurrent or newly occurring symptoms, and
major complications related to the surgery were investi-
gated. Bypass grafts were routinely examined at three to six
month intervals in the outpatient clinic after hospital
discharge using CT or duplex ultrasound imaging. Restenosis
was defined as > 50% stenosis of the lumen. Major com-
plications included cardiovascular events, cerebrovascular
events, and anastomotic aneurysms. The EQ-5D question-
naire was used as an index of health related quality of life.
These scores were recorded before the operation and at the
last follow up in February 2017.
Statistical analysis

Continuous data were summarised using mean � standard
deviation and were compared between groups using the t
test. The categorical data were summarised as proportions
and percentages using SPSS 20 software (IBM, USA).

RESULTS

Patient characteristics

The patient cohort included 16 females and one male, with
a mean age of 25.6 � 7.7 years (median 23 years; range
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13e47 years). All the patients presented with symptoms
such as dizziness, vertigo, limb weakness, limb hemiplegia,
cold limbs, visual disturbances, headaches, syncope, cere-
bral mass, amaurosis, and convulsions. Among the included
patients, the time from symptom onset to the operation
ranged from 47 days to two years, with a mean of 216 days.
Five patients experienced cerebrovascular events but were
free from sequelae. One patient suffered hypertension
secondary to severe right renal artery stenosis, which was
controlled using antihypertensive drugs. With respect to the
intracerebral vessels, only two patients suffered slight ste-
nosis of the middle cerebral artery. Additionally, one patient
had concomitant interstitial lung disease (Table 1).
Operative records

There were 12 patients in the active inflammatory stage and
five patients in the quiescent stage at operation. Immuno-
suppressive therapy was implemented in 15 patients,
whereas only two patients did not require immunosup-
pressive treatment because of a normal ESR and CRP.

Among these 17 patients, there were 77 supra-aortic
arteries, including 34 carotid arteries, that were affected
by TA, and 37 arteries were reconstructed, 10 with GSV and
27 with ABVs (Tables 2 and 3). Ten carotid bypasses origi-
nated from the ascending aorta, three from the innominate
artery, and four from the subclavian artery. The normal
portion of the internal carotid or subclavian artery was
chosen as the site of the distal anastomosis (Fig. 1). All the
operations were technical successes (100%) and ranged in
time from 275 min to 505 min (mean 396.6 � 93.4 min).
The mean volumes of blood loss and blood transfusion were
791.7 � 375.3 mL and 703.7 � 736.1 mL, respectively. One
patient, 5.8% (1/17), suffered a minor stroke and exhibited
less responsiveness, potentially because of deficient blood
supply during the operation. Two days later, this patient
recovered well, without obvious sequelae. The volume of
the osmotic diuretic agent administered ranged from 0 mL
to 4875 mL (mean 1466 � 1708 mL). The length of hospital
stay ranged from 17 days to 37 days (mean 22.7 � 5.1
days). The length of ICU stay ranged from one to 11 days
(mean 3.12 � 2.47 days). One patient who had concomitant
Table 1. Pre-operative conditions of the 17 patients.

Feature Total patients (17)
Underlying disease
Hypertension, Hyperlipidaemia,
Diabetes, Coronary heart disease

2
1 (Hypertension)
1 (Diabetes)

Cerebral event 5
Cerebral infarction 4 (without sequelae)
TIA 1
Cerebral vessel involvement 2
Circle of Willis 0
Middle cerebral artery 2 (slight stenosis)
Peripheral vessel involvement 7
Aortic stenosis 1 (slight stenosis)
Renal stenosis 4 (slight stenosis)

2 (severe stenosis)

ND ¼ no detail; TIA ¼ transient ischaemic attack.
interstitial lung disease suffered from pneumonia and
remained in the ICU for 11 days. The post-operative hospital
stay varied from 7 days to 20 days (mean 11.7 � 3.1 days).
Post-operative blood pressure control

After SMSAA bypass, the right lower limb blood pressure
was carefully monitored and recorded at 06:00 for 7 days.
The mean MAP of 17 patients was recorded before the
operation and 1, 2, 3, and 7 days after the operation (Fig. 2).
Post-operative blood pressures were 10e20% lower than
those prior to the operation. The antihypertensive drug
dose was increased or a new antihypertensive drug was
administered in 15 patients after the surgery.
Quality of life analysis

The EQ-5D questionnaire was administered to 14 patients
to analyse quality of life. The EQ-5D scores ranged from 0 to
100. One patient was lost to follow up, and two patients did
not complete the EQ-5D questionnaire. The health related
quality of life scores significantly improved at the last follow
up compared with those calculated pre-operation (Fig. 3).
Intermediate follow up

The patients were followed for a mean of 25.24 � 12.26
months (median 22 months; range 12e57 months). One
patient was lost to follow up at 30 months. One patient
experienced restenosis of both aorta-bilateral carotid GVS
grafts (2/37) at 6 months. These grafts were successfully
reopened by 4e40 mm balloon dilatation. All the patients
experienced clinical remission without recurrent symptoms.
All the patients remained free from major complications,
such as haemorrhage, stroke, transient ischaemic attack,
post-operative infection, and death during the peri-
operative and follow up periods.

DISCUSSION

Why was SMSAA bypass carried out, and how were suitable
patients selected? In a previous study of 116 TA patients,
the 10 year restenosis rate was found to be 46.6%.9 Patients
tended to miss the second bypass for the following reasons:
1) the risk of second bypass was high because of anatomical
abnormalities caused by the first bypass; and 2) the patients
could not afford a second bypass, as most of these patients
come from low income families. Compared with single
bypass, SMSAA bypass not only increases the likelihood of
improved bypass graft patency, but also restores the cere-
bral circulation blood flow closer to that of a physiological
state. Therefore, if the risk of SMSAA can be controlled to
low levels, it may be a superior treatment option for some
patients with type I TA. As to the indications for bypass, the
significant difference between SMSAA bypass and single
bypass is that the patient must have had more than three
supra-aortic vessels affected by TA, including both carotid
arteries, and must have suffered stenosis >70% and a lesion
length >5 cm or aneurysm formation. Other indications are
similar to the single bypass.



Table 2. General conditions, arterial lesions, surgical procedures, and follow up results.

Case
no.

Age/sex Symptom (time to
operation in days)

Involved artery Bypass In hospital
complication

Follow up
Occlusion Stenosis

(>70%)
Original Terminal Bridge

type
Diameter
(mm)

Duration
(months)

Patent Complication

1 25/F Dizziness, visual
disturbance, upper limb
weakness (90)

LSA, LVA LCCA, RCCA,
RSA, RVA

AA Bi-carotid GSV 4 None 24 Patent None
Right bridge RSA GSV 4

2 20/F Headache, dizziness, limbs
weakness (120)

LSA, RSA LCCA, RCCA AA Bi-carotid GSV 4 None 26 60%
restenosis

None

3 23/F Limb weakness dizziness
(730)

LSA, RSA LCCA, RCCA AA Bi-carotid ABV 7 Minor stroke 24 Patent None
Right bridge RSA GSV 4

4 33/M Dizziness, left sided
hemiplegia (47)

LCCA, RVA,
RCCA, RSA, LVA

LSA Bi-carotid GSV 3.8 None 16 Patent None

5 23/F Dizziness (60) LCCA, RCCA, LICA LSA, RSA AA RICA GSV 4 None 21 Patent None
AA RVA GSV 4

6 31/F Vertigo, amaurosis (730) LCCA LSA, RSA,
RCCA, BCA

BCA Bi-carotid ABV 7 None 22 Patent None

7 19/F Aphasia, right sided
hemiplegia (30)

LCCA, LVA, LSA RCCA, RSA AA Bi-carotid ABV 7 None 20 Patent None

8 32/F Dizziness (180) LSA, RSA LCCA, RCCA AA LICA ABV 7 None 58 Patent None
AA LSA ABV 7

9 47/F Dizziness, right sided
weakness (60)

RSA LCCA, RCCA AA Bi-carotid ABV 7 None 39 Patent None

10 28/F Dizziness, visual
disturbance (180)

RCCA, LSA, LVA LCCA, RSA, RVA BCA Bi-carotid ABV 7 None 34 Patent None
Right bridge RSA ABV 7

11 17/F Syncope, upper limbs cold
(300)

LCCA, LSA,
RCCA, RSA,
LVA, RVA

AA Bi-carotid ABV 7 None Lost ND ND

12 13/F Dizziness, convulsion (90) LCCA, RCCA LSA, RSA, BCA BCA LICA GSV 4 None 57 Patent None
BCA RSA GSV 4

13 23/F Visual disturbance (180) LVA, RVA, LSA, RSA LCCA, RCCA AA Bi-carotid ABV 7 Pneumonia 14 Patent None
14 23/F Dizziness, upper limb

weakness (150)
RCCA, LSA, RSA LCCA AA Bi-carotid ABV 6 None 15 Patent None

15 27/F Cervical mass (365) LSA, RSA LCCA, RCCA Carotid aneurysm resection None 12 Patent None
RSA LICA ABV 7
RSA LSA ABV 7

16 22/F Syncope (90) e LCCA, RCCA,
RSA

LSA Bi-carotid ABV 6 None 13 Patent None

17 29/F Dizziness (90) e LCCA, RCCA,
LVA

RSA Bi-carotid ABV 7 None 18 Patent None

AA ¼ ascending aorta; ABV ¼ artificial blood vessel (all ABV was from Gore-Tex); BCA ¼ brachiocephalic artery; F ¼ female; GSV ¼ great saphenous vein; LCCA ¼ left common carotid artery;
LICA ¼ left internal carotid artery; LSA ¼ left subclavian artery; LVA ¼ left vertebral artery; M ¼ male; ND ¼ no detail; RCCA ¼ right common carotid artery; RICA ¼ right internal carotid
artery; RSA ¼ right subclavian artery; RVA ¼ right vertebral artery.
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Table 3. Drugs administered.

Case no. Anti-inflammatory agent Diuretic agent
(total mL)Pre-operative or post-operative Peri-operative

1 Prednisone 32 mg Qd po þ CTX 100 mg
Qd po þ HCQ 0.2 g Bid po

Hydrocortisone 100 mg q12 h iv GF 4125

2 Prednisone 50 mg Qd po þ HCQ 0.2 mg
Bid po þ MTX 7.5 mg Qw po

Methylprednisolone 40 mg qd iv GF 2250

3 None None MA4750
4 Prednisone 50 mg Qd po þ CTX 100 mg qd po Hydrocortisone 100 mg q12 h iv MA 375
5 Prednisone 55 mg Qd po þ CTX 0.4 g Qw iv Methylprednisolone 40 mg q12 h iv MA1650
6 None Hydrocortisone 100 mg q12 h iv MA1250
7 Prednisone 10 mg Qd po Hydrocortisone 100 mg q12 h iv None
8 None (post-: Prednisone 50 mg Qd po þ CTX 50 mg Qd po) None None
9 None None GF 2250
10 Prednisone 40 mg Qd po þ CTX 50 mg Qd po Hydrocortisone 100 mg q12 h iv None
11 Prednisone 30 mg Qd po þ CTX 100 mg qd po Methylprednisolone 40 mg q12 h iv GF 750
12 Prednisone 50 mg Qd po Methylprednisolone 40 mg q12 h iv MA1650 GF 875
13 Prednisone 20 mg Qd po þ CTX 50 mg Qd po Hydrocortisone 100 mg q8 h iv MA 4875
14 Prednisone 25 mg Qd po þ CTX 100 mg Qd po Hydrocortisone 100 mg qd iv MA 375
15 Prednisone 12 mg Qd po þ CTX 0.2 mg qw iv Hydrocortisone 50 mg q6 h iv None
16 Prednisone 55 mg Qd po Hydrocortisone 50 mg q8 h iv MA 750
17 Prednisone 10 mg Qod po þ azathioprine 100 mg Qd po Hydrocortisone 50 mg q8 h iv None

Bid ¼ twice a day; CTX ¼ cyclophosphamide; GF ¼ glycerol fructose; HCQ ¼ hydroxychloroquine; iv ¼ intravenous; MA ¼ mannitol;
MTX ¼ methotrexate; po ¼ oral; Qd ¼ once a day; Qod ¼ once every 2 days; Qw ¼ once a week.

Figure 1. Three different types of graft bypasses (A) Ascending aorta e bilateral carotid e ABVe bypass. There were 10 patients’ bypasses
that originated from the aorta (Red arrows denote grafts.) (B) Innominate e bilateral carotid, right subclavian e ABV e bypass. There were
three patients’ bypasses that originated from the innominate artery (Red arrows denote grafts.) (C) Left subclavian e bilateral carotid e
GSV e bypass. There were four patients’ bypasses originated from the subclavian artery (Red arrows denote grafts).
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The first case of treatment with SMSAA bypass was re-
ported in 1990 by Kawaguchi et al.10 Kim et al. reported five
patients who received aorta-bi-carotid bypass, with a 10%
(1/10) restenosis rate.11 In addition, other studies have
reported restenosis rates of single bypass ranging from
12.5% (3/24) to 13.9% (5/36) and major complication rates
ranging from 8.3% (2/24) to 13.2% (5/38).12,13 In the pre-
sent study, the restenosis and major complication rates
were 5.4% (2/37) and 5.8% (1/17), respectively, and these
data support that SMSAA bypass is effective and safe in
patients with type I TA. It is important to note that the
benefits of SMSAA depend on an optimal peri-operative
management strategy, including blood pressure control as
well as an anti-inflammatory and osmotic diuretic agent
usage plan generated by a multidisciplinary team, with re-
ferrals from the Departments of Immunology, Neurology,
Anaesthetics, and the ICU. Other factors should also be
taken into consideration, such as the surgeon’s skill and the
patient’s clinical features.

Open surgery is generally not recommended until the
active stage of TA is controlled.14,15 However, two studies
reported that the rate of restenosis does not increase in
patients with active stage TA if immunosuppressive treat-
ment is administered.16,17 In the present study, the 12



Figure 2. Mean arterial pressure.

Figure 3. EQ-5D quality life scores.
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patients with active TA underwent an operation and all the
patients’ immunosuppressive drug regimens were adjusted
according to the advice of the Department of Immunology.
During the peri-operative period, 200e300 mg of hydro-
cortisone was recommended for infusion in most of the
patients, after which oral steroid therapy was continued for
an extended period of time. Finally, one patient experi-
enced restenosis at the six month follow up despite
adequate doses of immunosuppressive drugs (50 mg) and
anti-coagulation drugs (INR 2.0). Therefore, there are
probably more complex mechanisms at work than are
currently understood.

There are no clinical recommendations for blood pres-
sure management during SMSAA bypass; thus, the recom-
mendations for carotid endarterectomy were followed.18

During the operation, while the carotid artery was cross
clamped, the systolic blood pressure was maintained at 20%
above pre-operative levels. If a shunt was used, the blood
pressure was maintained at pre-operative levels. According
to previous literature, the post-operative blood pressure
was maintained 10e20% lower than pre-operative levels,
not >160 mmHg.19,20 Furthermore, the blood pressure was
tightly monitored and timely regulated according to pa-
tients’ symptoms before discharging from the ICU. Eleven
antihypertensive drugs were administered to different
patients.

The incidence of hyperperfusion syndrome after carotid
revascularisation varies from 0.2% to 18.9% in the litera-
ture.21 The relative safety and efficacy of mannitol and
glycerol in treating cerebral oedema have been demon-
strated previously.22 Mannitol is also a strong free radical
scavenger. The available dosage of osmotic diuretic drugs
ranges from 0 to 1000 mL per day; therefore, an individu-
alised protocol was recommended according to each pa-
tient’s condition. In the present study, 70.6% (12/17) of
patients received diuretics, and 17.6% (3/17) passed more
than 4000 mL urine. Therefore, it is important to identify
patients’ symptoms such as migraine like headache, which
was regarded as an indicator of cerebral hyperperfusion
syndrome. Timely adjustment and use of diuretic may
effectively reduce intracranial hypertension and lower the
risk of cerebral hyperperfusion syndrome.

Vascular reconstruction plans are designed according to
the involved vessels.23 The manipulation of affected vessel
segments should be avoided, and normal vessel segments
are recommended for bypass grafts. Generally, the
ascending aorta is recommended because it is typically less
affected by the disease. However, if the innominate and
subclavian arteries are available for bypass, the invasiveness
of the procedure can be decreased by avoiding a thora-
cotomy. Furthermore, the operation time can be shortened,
and the volume of blood loss can be reduced. In the present
study, 10 grafts originated from the ascending aorta and
seven from the innominate and subclavian arteries.

Limitations

Given the rarity of TA, there were several limitations of the
present study. First, this was a retrospective analysis with a
relatively small cohort. Second, an observational study was
performed without a control group, and the results were
compared with those of the previous literature regarding
unilateral carotid artery reconstruction in patients with type
I TA. Third, the lack of available literature on this type of
SMSAA bypass surgery limited the ability to exchange in-
formation with others. Therefore, the results should be
interpreted with caution, and more studies are necessary to
further explore the feasibility and safety of SMSAA bypass in
patients with type I TA.

Conclusion

SMSAA bypass in type I Takayasu arteritis can be performed
effectively and safely with rigorous peri-operative man-
agement. Maintaining the patency of the bypass graft re-
lieves the symptoms of cerebral ischaemia and helps sustain
patients’ quality of life.
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