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Dear Sir:

Cerebral hyperperfusion syndrome (CHS) is a life-threatening 
complication, defined as a combination of clinical features 
with evidence of hyperperfusion >100%.1 Hyperperfusion has 
been reported in 1% to 3% after carotid artery stenting 
(CAS).1 Although hyperperfusion evidence in those patients 
with the typical clinical syndrome seems to be a critical as-
pect of the CHS, the severity of the cerebral perfusion in-
crease that is needed to develop the CHS is not clear.2 Defini-
tions with different degrees of hyperperfusion have been 
used to diagnose CHS, although the most widely used is an 
increase in cerebral blood flow of more than 100% compared 
with baseline values.1 The aim of the study was to validate 
prospectively the transcranial Doppler (TCD) criteria in diag-
nosis of CHS after CAS in a nationwide study. 

This is a national prospective multicenter study. Inclusion 
criteria are detailed elsewhere.3 All patients underwent a 
baseline examination and follow-up was done up to 30 days 
with strict periprocedural blood pressure control. TCD was 

done before and 24 hours after CAS. In those patients with 
clinical-radiological CHS TCD was repeated at symptoms on-
set. Peak systolic velocity (PSV), pulsatility index (PI), and 
cerebrovascular reactivity (CVR) in middle cerebral artery 
(MCA) were measured. CHS was defined as (1) typical CHS 
clinical features with or without cerebral edema or intracere-
bral hemorrhage (ICH); (2) alternative diagnoses should be 
ruled out; and (3) evidence of hyperperfusion. Per protocol, 
there was no defined cut-off point for CHS diagnosis. CHS 
was classified as mild (only cephalea) or moderate-severe 
(impaired level of consciousness, seizures, neurological defi-
cit, and/or ICH). We used univariate analysis for comparisons 
(SPSS version 25.0, IBM Co., Armonk, NY, USA; with P<0.05 
as statistically significant). Area under the curve (AUC) was 
calculated to evaluate the accuracy of the increase of PSV for 
CHS diagnosis. The study was approved by the University 
Hospital Virgen del Rocio Ethics Committee. All patients 
signed informed consent forms.

Of 757 patients enrolled in the HyperperfusIon Syndrome 
Post-carotid ANgIoplasty And Stenting (HISPANIAS) study, 

Table 1. Baseline patient characteristics

Characteristic Non-CHS (n=537, 96.2%) CHS (n=21, 3.8%) P

Men 444 (82.7) 14 (66.7) 0.08

Age (yr) 71 (63–78) 76 (73.5–78) 0.01

Previous TIA or stroke 436 (81.2) 20 (95.2) 0.14

Hypertension 414 (77.8) 18 (85.7) 0.59

Diabetes 205 (38.5) 12 (57.1) 0.08

Hyperlipidemia 332 (62.4) 14 (66.7) 0.69

Ischemic cardiopathy 153 (28.9) 4 (19) 0.33

Percentage of stenosis (%) 88 (80–95) 90 (85–90) 0.16

Symptomatic stenosis 469 (81.4) 20 (95.2) 0.15

Values are presented as number (%) or median (interquartile range). 
CHS, cerebral hyperperfusion syndrome; TIA, transient ischemic attack.

Table 2. TCD data comparison before and after CAS

Variable Non-CHS (n=537) CHS (n=21) P

Baseline TCD

Diminished vasoreactivity (%) 32.6 36.8 0.69

PSV (cm/sec) 74.0 (62.3–89.9) 71.4 (50.3–83.2) 0.23

PI 0.97 (0.8–1.1) 0.80 (0.6–1.2) 0.23

Post-CAS TCD

PSV (cm/sec) 95.0 (76.1–118) 123.9 (90.6–143.4) 0.006

PI 1.10 (0.99–1.4) 1.30 (1.1–1.6) 0.043

Increase of PSV (%) 22.1 (6.3–47.5) 73.5 (20–132.1) <0.001

Increase of PI (%) 16.9 (0–40.2) 46.9 (18.9–83.9) 0.003

Values are presented as median (interquartile range).
TCD, transcranial Doppler; CAS, carotid artery stenting; CHS, cerebral hyperperfusion syndrome; PSV, peak systolic velocity; PI, pulsatility index.
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558 patients with complete TCD data were included in this 
study. Twenty-one patients (3.8%) developed CHS (six mild 
CHS and 15 moderate-severe CHS). Median time from CAS to 
CHS was 21 hours (interquartile range, 6 to 42). Baseline 
characteristics are shown in Table 1. Of 21 patients with CHS, 
brain edema was detected in 43%, ICH in 19% and two CHS 
patients (9.5%) died.

There was a marked increase in PSV and PI after CAS in 
CHS patients (Table 2). However, we detected no differences 
in CVR between the two groups. An increase of >100% of 
TCD parameters was only detected in 10 patients (47.6%) of 
the 21 CHS patients (Figure 1) with no positive relationship 
between the increase of PSV and CHS severity. However, an 
asymptomatic PSV increase of >100% was detected in 34 
(6.3%) of 537 patients without clinical or radiological CHS 
changes.

Although the odds for developing CHS symptoms was 13.4 
(95% confidence interval [CI], 5.3 to 33.8; P<0.001) in those 
patients with an increase of PSV of >100%, the cut-off point 
of an increase of >100% in PSV as a criterion for CHS diag-
nosis had a high global accuracy (91.9%), but had a sensitivi-
ty of 47.6% and specificity of 93.6%, with a low positive pre-
dictive value (22.7%). With a cut-off point of a 50% of in-
crease, sensitivity improved to 66.7% with a 76.3% of speci-
ficity. AUC of ROC curve to evaluate accuracy of the increase 
of PSV for the CHS diagnosis was 0.742 (95% CI, 0.61 to 
0.87; P<0.001). 

Main finding of this study is that the “classical” criterion of 
evidence of hyperperfusion >100% compared to baseline val-
ues for CHS diagnosis has a low sensitivity and may led to 
underdiagnose this severe complication. The present study is 
to the best of our knowledge, the biggest CHS study to date 
evaluating prospectively changes in brain perfusion after 
CAS.1,4 Other mechanisms than disturbed cerebrovascular au-

toregulation need to be involved, as some patients developed 
a marked increase in Doppler values without symptoms and 
up to one third of the patients with clinical-radiological hy-
perperfusion syndrome had less than 50% of increase of pre-
CAS values, even in those CHS patients with ICH.

In one of the biggest series published,5 a low positive pre-
dictive value of increases of >100% of PSV (8.0%), with 66% 
of sensitivity was described, concluding that significant in-
creases in MCA velocity did not identify patients at increased 
risk of suffering CHS. However, this cut-off point of hyper-
perfusion >100% compared to baseline values for CHS diag-
nosis would have been underdiagnosed in our study about 
half of the patients that developed the clinical symptoms and 
neuroimaging CHS changes and had no evidence of alterna-
tive diagnosis.

We could classify TCD changes in four different patterns: 
(1) “benign hyperperfusion” with >100% in PSV without 
symptoms (6.3% in our series); (2) “life-threatening hyper-
perfusion or malignant hyperperfusion” with marked increase 
(i.e., >100%) of PSV with CHS symptoms (2.0%); (3) “non-hy-
perperfusion damage or reperfusion damage” with no or little 
increase in PSV but with CHS symptoms and radiological 
changes (1.8%); and (4) “non-CHS patients” with no symp-
toms and no changes in TCD. 

A limitation of this study is the time to perform the TCD 
post-CAS (i.e., 24 hours). If performed earlier it could have an 
impact on TCD data, although TCD was done in every CHS 
patient. Also, as mean flow velocity depends on both PSV 
value and end-diastolic velocity value, it depends more on 
the image quality and the variability of different operators. 
Therefore, we chose the most feasible measure (i.e., PSV) that 
is also widely accepted1 to decrease the possible variability 
between centers.

In conclusion, evidence of hyperperfusion >100% as a cut-
off point for CHS diagnosis, seems to be not valid for routine 
clinical practice. Our proposal is to include evidence of hyper-
perfusion as major supportive CHS criteria but with no cut-
off point for diagnosis, as missing diagnosis would prevent an 
early treatment of this severe complication.
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Figure 1. Comparison of peak systolic velocity (PSV) changes after carotid 
artery stenting (CAS) between the non-cerebral hyperperfusion syndrome 
(CHS) and CHS groups. 
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