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CASE REPORT

Vasoconstriction and hyperperfusion 
syndrome after carotid artery stenting
Yuya Kobayashi1,2* , Teruya Morizumi1, Gaku Okumura1, Kiyoshiro Nagamatsu1, Yusaku Shimizu1, 
Tetsuo Sasaki3 and Atsushi Sato3 

Abstract 

Background: Common complications of carotid artery stenting (CAS) are cerebral ischemia and hyperperfusion syn-
drome. To date, only a few cases of late-onset cerebral vasoconstriction occurring several hours after CAS have been 
reported. However, there are no reports of developed vasoconstriction and hyperperfusion syndrome.

Case presentation: A 79-year-old man developed vasoconstriction 1 day after carotid artery stenting. Vasocon-
striction improved immediately with glucocorticoid. However, a week later, the patient developed hyperperfusion 
syndrome.

Conclusions: Postoperative vasoconstriction and hyperperfusion syndrome is an unrecognized complication and 
surgeons should be aware of it.

Keywords: Vasoconstriction, Spasm, Carotid artery stenting, Hyperperfusion, Glucocorticoid

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, 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/.

Background
Common complications of carotid artery stenting (CAS) 
are cerebral ischemia and hyperperfusion syndrome 
[1]. Surgeons mainly focus on intraoperative complica-
tions; however, the incidence of postoperative complica-
tions is high [2]. To date, only a few cases of late-onset 
cerebral vasoconstriction occurring several hours after 
CAS have been reported [3, 4]. However, there are no 
reports of developed vasoconstriction and hyperperfu-
sion syndrome.

Case presentation
A 79-year-old man with right hemiplegia was admitted 
to the hospital. CAS was performed for the right internal 
carotid artery (ICA) stenosis 4 years ago, during which a 
left extracranial ICA stenosis was noted that progressed 
gradually. The patient’s hypertension and dyslipidemia, 
which were risks for atherosclerosis, were controlled. 

Upon admission, infarctions in the left cerebral cortex 
were observed on magnetic resonance imaging (MRI) 
(Fig.  1A). Carotid duplex ultrasound of the left ICA 
revealed an equiluminant plaque and peak systolic veloc-
ity of 160  cm/s. Black-blood MRI showed high inten-
sity and revealed an unstable high-volume plaque. With 
antiplatelet therapy, CAS was performed for severe ste-
nosis (NASCET: 95%; Fig.  1B) using the Parodi system 
[5]. It was presumed that the patient was tolerant to ICA 
occlusion, because previous CAS with balloon occlusion 
device on the right ICA was performed without compli-
cations. After predilation (4 × 30  mm), a stent (Carotid 
WALLSTENT; Boston Scientific, Natick, MA, USA) was 
deployed (Fig.  1C). Right paralysis, aphasia, and loss of 
consciousness (Glasgow Coma Scale: E3V2M5) appeared 
postoperatively. MRI performed immediately after the 
surgery revealed new microcortical infarctions, but those 
were not serious and cannot explain the patient’s condi-
tion. Moreover, no vascular abnormalities were observed. 
We suspected that the temporary blood flow interruption 
caused by the balloon device during the surgery would 
possibly explain the patient’s condition. On the following 
day, the patient’s state of consciousness did not improve. 
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Computed tomography (CT) angiography, CT perfu-
sion, and MRI revealed decreased blood flow in the left 
middle cerebral artery (MCA), and digital subtraction 
angiography (DSA) revealed vasoconstriction mainly in 
the left MCA (Fig. 1D, E). Considering an inflammatory 
pathology, methylprednisolone 500  mg/day was admin-
istered for 3  days, immediately after which the patient’s 
symptoms and magnetic resonance angiography showed 
improvement. Blood pressure was controlled without 
restriction and systolic blood pressure was observed to 
be approximately 140  mmHg. Seven days after surgery, 
aphasia and right paralysis reappeared. CT angiography 
revealed hyperperfusion and the cerebral blood flow 
(CBF) contralateral ratio in the MCA territory was > 1.3 
(Fig.  1F) [6]. Hyperperfusion improved after antihyper-
tensive management; however, mild aphasia and right 
paralysis persisted. The patient was transferred to a 

rehabilitation hospital with a modified Rankin scale score 
of 4.

Discussion
There are several hypotheses of vasoconstriction mech-
anism after CAS and carotid endarterectomy (CEA). 
The first hypothesis was that debris or thrombus in 
stent expansion sites might have caused vasocon-
striction due to ischemia or inflammatory conditions 
[3]. This is supported by the fact that CAS using cov-
ered stents caused less neurological complications 
[7] and the incidence of postoperative complications 
was high [2]. We suspected an inflammatory con-
dition and administered methylprednisolone. As a 
result, vasoconstriction improved substantially. How-
ever, a pathological search is necessary to identify the 
effects of glucocorticoids and underlying cause. The 

Fig. 1 A Diffusion-weighted imaging performed upon admission revealed multiple cortical cerebral infarctions. B, C Carotid artery stenting was 
performed for internal carotid artery stenosis (red arrows). D Preoperatively, atherosclerotic stenosis was observed in the left anterior cerebral 
artery. Digital subtraction angiography (DSA) was performed at the end of the surgery, and the results showed that the left middle cerebral artery 
(MCA) was dilated. E DSA performed 1 day after the surgery revealed a localized vasoconstriction mainly of the left MCA. F One week after the 
surgery, CT perfusion revealed hyperperfusion, with a cerebral blood flow contralateral ratio of greater than 1.3. CT perfusion was scanned using a 
multidetector CT scanner with 80 detector rows (Aquilion Prime, Canon, Japan) and DSA was performed with biplane equipment (Infinix Celeve-i 
INFX-8000 V, Canon, Japan). MRI scanner was 1.5 T scanner (Magnetom Avanto fit, Siemens Healthcare, Germany)
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second hypothesis was the occurrence of reversible cer-
ebral vasoconstriction syndrome (RCVS). Few reports 
showed the occurrence of RCVS after CEA, charac-
terized by headache [8, 9]. However, we dismissed the 
occurrence of RCVS, because the patient did not suffer 
from headache and vasoconstriction on the image did 
not show segmental narrowing and dilatation, which is 
a characteristic of RCVS [10]. Moreover, we adminis-
trated methylprednisolone. In general, glucocorticoids 
are ineffective and can worsen RCVS [11]. The final 
hypothesis was that cerebral autoregulations became 
dysfunctional. The pathophysiological hallmark of 
hyperperfusion syndrome acutely increased the CBF 
in a hypoperfused brain with maximally dilated ves-
sels. These vessels cannot control increased CBF due 
to autoregulatory mechanism loss [12]. It was reported 
that vasoconstriction and hyperperfusion syndrome 
were developed after CEA [8]. Although completely 
opposite conditions were observed in the same patient, 
it may have been the result of disturbances in cerebral 
autoregulations, which belong to the same spectrum. 
Chronic severe carotid artery stenosis is observed to 
cause disturbances in cerebral autoregulations, and 
relative hypertension in these arteries after CAS or 
CEA may play a role in developing vasoconstriction. 
Our patient did not strictly control blood pressure after 
vasoconstriction, but the patient’s blood pressure was 
not too high. It is unclear as to why the patient devel-
oped hyperperfusion, but the disturbances in cerebral 
autoregulations may be associated.

This is the first case report on CAS complications, 
which include vasoconstriction and hyperperfusion 
syndrome. In general, surgeons know the risk of hyper-
perfusion syndrome. The operated side is hypoperfused 
even before the surgery, thus making it difficult to con-
sider hypoperfusion as an unusual manifestation. Hence, 
surgeons should be aware of the vasoconstriction risk. 
Hyperperfusion syndrome and vasoconstriction repre-
sent two opposite ends of the pathophysiological con-
dition, and the management of both complications is 
challenging. Thus, regional saturation of oxygen and 
transcranial Doppler ultrasonography should be per-
formed, and treatment must be given in a timely manner.

There are no data showing the appropriate glucocor-
ticoid treatment for vasoconstriction. Additional cases 
should be collected and assessed to better understand the 
pathology of this condition.

Conclusions
Postoperative vasoconstriction and hyperperfusion syn-
drome is an unrecognized complication and surgeons 
should be aware of it.

Abbreviations
CAS: Carotid artery stenting; CBF: Cerebral blood flow; CEA: Carotid endarter-
ectomy; CT: Computed tomography; DSA: Digital subtraction angiography; 
ICA: Internal carotid artery; MCA: Middle cerebral artery; MRI: Magnetic reso-
nance imaging; RCVS: Reversible cerebral vasoconstriction syndrome.

Acknowledgements
None.

Authors’ contributions
YK: data acquisition, data analysis, and writing of the manuscript. TM, GO, KN 
and YS: data acquisition and revision of the manuscript. TS and AS: surgeons of 
the patient. All authors have read and approved the manuscript.

Funding
This study was not supported by any fund or grant.

Availability of data and materials
Additional data that support the findings of this study are available on request 
from the corresponding author.

Declarations

Ethics approval and consent to participate
The Ina Central Hospital ethics committee approved this case report. Informed 
consent was obtained in the form of opt-out on the website.

Consent for publication
The patient was dementia due to cerebral infarctions and consent from the 
patient was not obtained. The next of kin signed an informed consent to 
allow his data to be published. We obtained approval from the research ethics 
committee.

Competing interests
The authors declare that this research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Department of Neurology, Ina Central Hospital, 1313-1, Ina, 
Nagano 396-8555, Japan. 2 Department of Neurology, Nagano Municipal 
Hospital, 1333-1 Tomitake, Nagano 381-8551, Japan. 3 Department of Neuro-
surgery, Ina Central Hospital, 1313-1, Ina, Nagano 396-8555, Japan. 

Received: 11 July 2021   Accepted: 27 January 2022

References
 1. Moulakakis KG, Mylonas SN, Sfyroeras GS, Andrikopoulos V. Hyper-

perfusion syndrome after carotid revascularization. J Vasc Surg. 
2009;49(4):1060–8. https:// doi. org/ 10. 1016/j. jvs. 2008. 11. 026.

 2. Qureshi AI, Luft AR, Janardhan V, Suri MF, Sharma M, Lanzino G, et al. 
Identification of patients at risk for periprocedural neurological deficits 
associated with carotid angioplasty and stenting. Stroke. 2000;31(2):376–
82. https:// doi. org/ 10. 1161/ 01. str. 31.2. 376.

 3. Kuwabara M, Nakahara T, Mitsuhara T, Shimonaga K, Hosogai M, Kurisu 
K, et al. Transient cerebral vasospasm after carotid artery stenting: a case 
report and literature review. World Neurosurg. 2020;135:107–11. https:// 
doi. org/ 10. 1016/j. wneu. 2019. 11. 151.

 4. Aghaebrahim A, Jadhav AP, Saeed Y, Totoraitis R, Jankowitz BT, Jovin TG, 
et al. Reversible cerebral vasoconstriction syndrome following carotid 
stenting. Neurology. 2014;83(6):570–1. https:// doi. org/ 10. 1212/ WNL. 
00000 00000 000677.

 5. Parodi JC, Schönholz C, Parodi FE, Sicard G, Ferreira LM. Initial 200 cases of 
carotid artery stenting using a reversal-of-flow cerebral protection device. 
J Cardiovasc Surg (Torino). 2007;48(2):117–24.

https://doi.org/10.1016/j.jvs.2008.11.026
https://doi.org/10.1161/01.str.31.2.376
https://doi.org/10.1016/j.wneu.2019.11.151
https://doi.org/10.1016/j.wneu.2019.11.151
https://doi.org/10.1212/WNL.0000000000000677
https://doi.org/10.1212/WNL.0000000000000677


Page 4 of 4Kobayashi et al. Egypt J Neurol Psychiatry Neurosurg           (2022) 58:19 

 6. Kawamata T, Okada Y, Kawashima A, Yoneyama T, Yamaguchi K, Ono Y, 
et al. Postcarotid endarterectomy cerebral hyperperfusion can be pre-
vented by minimizing intraoperative cerebral ischemia and strict postop-
erative blood pressure control under continuous sedation. Neurosurgery. 
2009;64(3):447–53; discussion 53-4. https:// doi. org/ 10. 1227/ 01. Neu. 00003 
39110. 73385. 8a.

 7. Sztriha LK, Vörös E, Sas K, Szentgyörgyi R, Pócsik A, Barzó P, et al. Favorable 
early outcome of carotid artery stenting without protection devices. 
Stroke. 2004;35(12):2862–6. https:// doi. org/ 10. 1161/ 01. Str. 00001 47714. 
19871. 45.

 8. Tayebi Meybodi A, Singla A, Ren Z, Liu S. Concomitant reversible cerebral 
vasoconstriction and hyperperfusion syndromes following carotid endar-
terectomy. Cureus. 2020;12(6): e8541. https:// doi. org/ 10. 7759/ cureus. 
8541.

 9. Rosenbloom MH, Singhal AB. CT angiography and diffusion-perfusion MR 
imaging in a patient with ipsilateral reversible cerebral vasoconstriction 
after carotid endarterectomy. AJNR Am J Neuroradiol. 2007;28(5):920–2.

 10. Ducros A. Reversible cerebral vasoconstriction syndrome. Lancet Neurol. 
2012;11(10):906–17.

 11. Singhal AB, Topcuoglu MA. Glucocorticoid-associated worsen-
ing in reversible cerebral vasoconstriction syndrome. Neurology. 
2017;88(3):228–36. https:// doi. org/ 10. 1212/ WNL. 00000 00000 003510.

 12. van Mook WN, Rennenberg RJ, Schurink GW, van Oostenbrugge RJ, Mess 
WH, Hofman PA, et al. Cerebral hyperperfusion syndrome. Lancet Neurol. 
2005;4(12):877–88. https:// doi. org/ 10. 1016/ s1474- 4422(05) 70251-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1227/01.Neu.0000339110.73385.8a
https://doi.org/10.1227/01.Neu.0000339110.73385.8a
https://doi.org/10.1161/01.Str.0000147714.19871.45
https://doi.org/10.1161/01.Str.0000147714.19871.45
https://doi.org/10.7759/cureus.8541
https://doi.org/10.7759/cureus.8541
https://doi.org/10.1212/WNL.0000000000003510
https://doi.org/10.1016/s1474-4422(05)70251-9

	Vasoconstriction and hyperperfusion syndrome after carotid artery stenting
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


