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ABSTRACT
SUMMARY: Cerebral hyperperfusion syndrome is a serious complication of endovascular angioplasty and stent placement for long-
standing intracranial stenosis, resulting in neurologic dysfunction, seizure, or reperfusion hemorrhage. Rigorous control of blood pressure
is commonly used in the perioperative period to prevent cerebral hyperperfusion syndrome, but the optimal blood pressure is often
arbitrary. We describe the angiographic features that reflect impaired cerebral autoregulation and microvascular transit abnormality,
which may be used to gauge the optimal blood pressure parameters in the immediate postintervention period for prevention of cerebral
hyperperfusion syndrome.

ABBREVIATIONS: BP � blood pressure; CHS � cerebral hyperperfusion syndrome; ICAS � intracranial atherosclerosis; ICH � intracranial hemorrhage

Cerebral hyperperfusion syndrome (CHS) is a well-described

complication associated with cerebral revascularization after

extracranial angioplasty and stent placement.1 CHS following in-

tracranial angioplasty is less well-studied but is estimated in ob-

servational studies to occur in 3.4% of patients with nearly

80% mortality when complicated by intracerebral hemorrhage

(ICH).2-4 This likely contributed to the adverse outcomes in the

intervention arm of the Stenting vs Aggressive Medical Manage-

ment for Preventing Recurrent Stroke in Intracranial Stenosis

(SAMMPRIS) trial.4-6

While the exact pathophysiology of CHS is still not fully un-

derstood, impaired cerebral autoregulation and cerebral hemody-

namic alterations following revascularization are considered the

major mechanisms involved.4,5 In patients with intracranial ath-

erosclerosis (ICAS), CHS development is associated with poor

control of postoperative blood pressure (BP) and impaired collat-

eral circulation.4 For extracranial stenosis, other well-known risk

factors include baseline hypertension, carotid stenosis of �90%,

and impaired cerebrovascular reserve.4-6 These factors coupled

with maximal arteriolar dilation, compromised cerebral autoreg-

ulation, and systemic hypertension translate to an increased cere-

bral perfusion pressure and cerebral hyperperfusion.

Stringent systemic BP control is a widely used prophylactic

strategy in the postrevascularization period and has been shown

to reduce the incidence of CHS in high-risk individuals.7,8 Ideally,

quantitative cerebral blood flow should be monitored to guide the

hemodynamic management, but continuous and reliable means

of measurement are lacking in routine clinical practice.4,5,8 This

article illustrates the angiographic signs of hyperperfusion imme-

diately after intracranial stent placement and angioplasty, and

their utility in titrating individual BP targets in the postoperative

period for the prevention of CHS. This method has been used in

our center to select patients for aggressive BP control following

intervention.

Techniques
We treat patients with symptomatic ICAS when they are refrac-

tory to aggressive medical treatment or if the ischemic symptom is

secondary to critical hypoperfusion downstream of the ICAS ste-

nosis instead of perforator occlusion or artery-to-artery embo-

lism. Typically, predilation of the stenotic intracranial ICA or

MCA segment is followed by delivery of a Wingspan stent system

(Stryker, Kalamazoo, Michigan).9

Immediately after stent placement, a control angiogram is ob-

tained at the baseline systemic BP. Particular attention is paid to

the downstream vascular field for 2 sentinel signs suggestive of

maximal arteriolar dilation and disrupted cerebral autoregulation
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and thus a risk for hyperperfusion: first, an early draining vein of

the treated ischemic territory, defined as early contrast filling of a

regular anatomic vein in the late arterial or capillary phase of the

angiogram that drains the territory downstream of the treated

vessel; second, a prominent capillary blush in the ischemic terri-

tory, secondary to abnormal luxurious perfusion of the treated

territory in the arterial phase, which becomes denser in the capil-

lary phase compared with the rest of the arterial territory and

persists late into the venous phase (Figure and On-line Figure).
In patients with an early draining vein and capillary blush after

revascularization, systemic hypotensive therapy is commenced in

close collaboration with the neuroanesthesiologist. Control an-

giograms with the same contrast flow rate (pump injections) are

repeated in 10-minute intervals at decreasing BP thresholds (20

mm Hg intervals below baseline) until disappearance of the sen-

tinel signs of hyperperfusion are observed. This BP threshold is

then maintained in the first 24 hours postintervention in the neu-

rocritical care unit with the patient being kept intubated and se-

dated to prevent BP spikes and to better control BP during a

24-hour period. Contralateral angiograms are also obtained to

assess the adequacy of perfusion and collateral status, given the

potential for ischemia due to the in-

duced hypotensive state. After 24 hours,

patients who exhibit the above sentinel

signs of hyperperfusion are awakened

and BP control is gradually relaxed

while closely monitoring symptoms

of CHS such as new or worsening

headache and/or change in neurologic

function. Patients developing these

symptoms would receive a prolonged

duration of hypotensive therapy.

Of 14 symptomatic patients with

ICAS stenosis treated endovascularly

from January 2016 to March 2019, four

patients had an early draining vein

and/or the capillary blush sign immedi-

ately after angioplasty at baseline BP

(On-line Table). Individual BP thresh-

olds were titrated using the above-men-

tioned technique, and continuous hypo-

tensive therapy was maintained with

intravenous labetalol infusion for 1–2

days. None of these patients had devel-

oped symptoms or complications of

CHS at the last clinical follow up, and

there were no procedure-related com-

plications. None of the 10 patients in

whom no sentinel signs of hyperperfu-

sion were observed developed signs or

symptoms of CHS.

DISCUSSION
The present study describes sentinel an-

giographic signs of cerebral hyperperfu-

sion following revascularization of pa-

tients with ICAS stenosis and how these

markers are used in our practice in the im-

mediate postangioplasty phase to identify a BP threshold to avoid

CHS and its related complications.

We surmise that the occurrence of an early draining vein

and capillary blush in the previously ischemic territory is due

to the presence of maximally dilated arterioles and capillary

bed secondary to long-standing cerebral ischemia. The local-

ized reduction in vascular resistance and hence shortened ar-

terial-venous transit time resulted in an abnormal early drain-

ing vein.

At present, there is no description of angiographic features in

the literature for assessing the risk for CHS after ICAS revascular-

ization therapy. Our preliminary and observational results sug-

gest that these angiographic signs can serve as sentinel markers of

CHS and can be used to optimize the hypotensive therapy BP

threshold individually. Moreover, the average time for CHS com-

plication development following extracranial carotid artery an-

gioplasty and stent placement is 12 hours.5 Hence, we institute

hypotensive therapy for 24 hours after revascularization in pa-

tients at risk of CHS. Intraprocedural and postprocedural trans-

cranial Doppler sonography is another technique to monitor for

FIGURE. A 66-year-old female patient (patient 1) who presented with left-sided transient
ischemic symptoms. A, Noncontrast CT of the brain shows hypodensity consistent with
previous ischemic infarct in the right corona radiata in the cerebral internal watershed zone.
CT angiography and CT perfusion (not shown) revealed high-grade stenosis of right mid-M1
segment of the MCA with corresponding large areas of perfusion mismatch suggestive of
salvageable ischemia, B and C, Pre- and postangioplasty right ICA angiograms demonstrate
restoration of the severely compromised lumen of the proximal M1 MCA (white arrow),
following angioplasty and stent placement. Note the medial shift of the watershed zone
after revascularization, D, Late arterial phase angiographic image immediately postangio-
plasty and stent placement at a baseline systolic blood pressure of 158 mm Hg demonstrates
early opacification of a vein that drains into the deep venous system (black arrows) with
prominent capillary blush in the central MCA territory (white arrowheads). E and F, Capillary
and venous phase images obtained at a systolic blood pressure of 100 mm Hg depict resolu-
tion of early arteriovenous shunting and restoration of homogeneity of the capillary stain,
with the filling of the index vein in the normal venous phase. SBP indicates systolic blood
pressure.
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CHS after extracranial carotid endarterectomy and may be of use

in the titration of hypotensive therapy.10

Angiographic blush and early filling vein were previously de-

scribed in the setting of acute ischemic stroke following intra-

arterial thrombolysis or endovascular thrombectomy and were

associated with hemorrhagic transformation.11-13 In acute isch-

emic infarct, these signs were thought to be due to hyperemia seen

in the early stages of infarction, a so-called “luxury perfusion”

state.11-14 It is most conceivable that the early venous filling is

secondary to rapid cerebrovascular transit and not true shunting.

It is believed that blood flow is accelerated secondary to the

marked vasodilation as a result of ischemia.12 Increased local cir-

culatory rates to maintain perfusion and the opening of precapil-

lary arteriovenous shunts have also been proposed after the initial

focal vasodilation effect following infarction.11

Although our patients did not have acute infarction, the distal

vessels did not immediately recover to their normal state of reac-

tivity after revascularization but rather continued to be maximally

dilated. This resulted in the described imaging findings that we

believe may be related to an increased rate of postreperfusion

hemorrhage. Future work would be needed to validate this ap-

proach in a larger patient cohort and to correlate with long-term

clinical outcome.

CONCLUSIONS
In this small study, the angiographic signs of an early draining

vein and capillary blush in patients with ICAS stenosis treated

with endovascular revascularization were used as sentinel signs to

detect cerebral hyperperfusion reflecting the underlying impaired

cerebral vascular autoregulation. Progressive reduction of sys-

temic arterial pressure to achieve reversal of these angiographic

signs seems to be of clinical use to gauge postangioplasty hypo-

tensive therapy for the prevention of catastrophic complications

associated with cerebral hyperperfusion syndrome.
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