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Abstract
Objective: We aimed to investigate the effect of ventricular septal defect (VSD) and 
heart failure on cerebral blood flow (CBF) in children, whether heart failure treat-
ment improves CBF, and if there is any relationship between CBF and serum N‐ 
terminal pro‐brain natriuretic peptide (NT‐proBNP) level.
Method: Forty children with VSD (13 with heart failure) aged between 1 and 
36 months were studied. The control group comprised 25 healthy children in the 
same age group. Maximum, minimum, and mean blood flow velocities and pulsatility 
indices of the right and left middle cerebral arteries were assessed using transcranial 
Doppler ultrasonography. Measurements of CBF and serum NT‐proBNP levels were 
repeated in patients with heart failure a month post–heart failure treatment initia-
tion. The groups were also compared in terms of defect diameters, cardiac structural 
changes, left ventricular systolic function, and findings related to pulmonary hyper-
tension determined by echocardiography. Correlations between echocardiographic 
measurements and CBF parameters were analyzed.
Results: Although no significant difference was found between patient and control 
groups for CBF, right and left maximum CBF velocities significantly increased post-
treatment in patients with heart failure (P = .04 and P = .01, respectively). Serum NT‐
proBNP levels in children with VSD associated with heart failure were significantly 
higher than those in children with VSD alone (P = .04) or in healthy children (P < .001). 
NT‐proBNP levels were negatively correlated with right and left maximum CBF ve-
locities (r = −0.39, P = .013 and r = −0.32, P = .043, respectively).
Conclusion: Although no significant difference was found in CBF velocity among the 
study groups, increase in the CBF velocity post heart failure treatment and negative 
correlations between CBF velocity and both the VSD diameter and NT‐proBNP levels 
indicate that the hemodynamic status due to VSD associated with heart failure has 
an effect on CBF.
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1  | INTRODUC TION

The birth prevalence of congenital heart defects is 9.1 per 1000 live 
births, with ventricular septal defect (VSD) being the most common 
type of heart defect.1,2 Depending on the defect size, a patient with 
VSD may be asymptomatic or have heart failure symptoms. When 
heart failure occurs, compensatory mechanisms are employed, and 
blood circulation is redirected away from visceral organs to the heart 
and brain to maintain coronary blood flow and cerebral blood flow 
(CBF).3,4

CBF can be measured using various techniques. Because changes 
in blood flow velocity strongly correlate with changes in cranial 
blood flow, CBF velocity, assessed by transcranial Doppler ultra-
sonography, can be used as a surrogate for CBF.5‐7 Compared with 
other methods, it is noninvasive, inexpensive, and easily applicable 
with no known contraindications. In addition, it is more acceptable 
because it does not have radiation risk.

Brain natriuretic peptide is released from myocytes and fibro-
blasts in response to increased wall tension and stress caused by 
heart failure.8-10 It is assessed by measuring the serum N‐terminal 
pro‐brain natriuretic peptide (NT‐proBNP) level.

CBF in patients with heart failure is lower than that in controls, 
but it can increase with heart failure treatment.11-13 Various neuro-
psychological problems associated with decreased CBF due to heart 
failure may regress with failure treatment.14 A study on a 3‐month‐
old patient with VSD associated with heart failure demonstrated a 
significantly lower CBF than that in the control group comprising five 
healthy children. However, there was no mention of whether this 
flow increased with heart failure treatment.15 Reduction in CBF in 
adults with heart failure was negatively correlated with higher serum 
NT‐proBNP levels.16 We found no studies on pediatric patients that 
investigated the relationship between CBF and NT‐proBNP levels.

We aimed to investigate the effect of VSD and heart failure on 
CBF in pediatric patients and to identify whether CBF improves post 
heart failure treatment. In addition, we assessed the relationship be-
tween CBF and serum NT‐proBNP levels in patients with VSD asso-
ciated with or without heart failure.

2  | METHODS

We evaluated 40 children [aged 1‐36 (mean 3.8 ± 0.7) months] who 
were diagnosed with VSD based on clinical and laboratory findings 
in the Pediatric Cardiology Outpatient Clinic of Eskişehir Osmangazi 
University, School of Medicine, Department of Pediatric Cardiology 
from January 2014 to June 2015. Heart failure was diagnosed in 
13 patients. A control group comprising 25 healthy children aged 
1‐36 (mean 5.9 ± 1.4) months, with age and gender similar to that 
of children in the study group, were included. These children had 
been referred to the Pediatric Cardiology Outpatient Clinic for 
evaluation of a cardiac murmur but had normal physical examina-
tion and echocardiography findings. The study was approved by 
the Eskişehir Osmangazi University Ethics Committee (February 1, 

2014, #80558721/09); written informed consent was obtained from 
parents of each child.

Children were excluded if they were diagnosed with other car-
diac or noncardiac pathologies that might affect their hemodynamic 
status or if they had already been treated for heart failure because 
such medications might affect CBF. The same doctor who took a 
detailed medical history also performed the physical examination. 
These findings were recorded, and the Ross score calculated to stage 
the heart failure. Two‐dimensional and pulse‐wave Doppler echo-
cardiographic evaluation were performed by one pediatric cardiolo-
gist using a Hewlett Packard Sonos 5500 echocardiography system 
(Hewlet Packard, Palo Alto, California) and 3‐8 MHz broadband 
probe. Venous blood samples were collected and sent for measure-
ment of the NT‐proBNP level. Maximum, minimum, and mean blood 
flow velocities and pulsatility indices of right and left middle cerebral 
arteries were assessed using transcranial Doppler ultrasonography 
(DWL Multiple Dop ×4 model; Compumedics, Singen, Germany) and 
a DWL linear 2 MHz probe. This examination was done in all children 
by the same Neurology Department technician.

Patients were scored and grouped according to the Ross scoring 
system for heart failure, updated in 2012,17 with the following scores: 
0‐5, no heart failure; 6‐10, mild heart failure; 11‐15, moderate heart 
failure; and ≥16, severe heart failure. Thirteen patients met the criteria 
for heart failure. Three groups were, therefore, defined for the study.

Group 1: The 13 children with a Ross score of ≥6 were included 
in this group and were treated with combination heart failure therapy 
(digoxin, furosemide, and captopril). Approximately 1 month posttreat-
ment initiation, initial examinations were repeated for determining if 
there was improvement in CBF. One patient died shortly postdiagnosis. 
Of the remaining 12 patients, heart failure findings improved with treat-
ment in 10, and they underwent reassessment of CBF 1 month post 
treatment initiation. The other two patients did not show improvement 
with medication and, therefore, underwent surgery for VSD repair. 
These two patients underwent reassessment 1 month postoperatively.

Group 2: The 27 children with VSD but with a Ross score of ≤5, 
and therefore, no heart failure, were included in this group.

Group 3: This was the control group comprising 25 healthy children.
SPSS (Windows 21 software; IBM, Armonk, New York) was used for 

statistical analysis. When comparing independent measurements be-
tween the two groups, normally and nonnormally distributed data were 
analyzed with an independent sample t test and Mann‐Whitney U test, 
respectively. For dependent measurements, normally and nonnormally 
distributed data were analyzed with a paired sample t test and Wilcoxon 
signed‐rank test, respectively. For comparison of independent mea-
surements among multiple groups, normally and nonnormally distrib-
uted data were analyzed with an ANOVA test and Kruskal‐Wallis test, 
respectively. When differences were detected on ANOVA, a Tukey or 
Tamhan post hoc test was used for evaluating the differences. Analysis 
of the crosstabs was performed with chi‐square test. To demonstrate 
relationships between variables, a Pearson test was used for normally 
distributed data and a Spearman correlation test was used for nonnor-
mally distributed data. A P value  < .05 was considered to be statistically 
significant.
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3  | RESULTS

There was no statistically significant difference in gender be-
tween the groups. Mean ages were 2.1 ± 0.24, 4.6 ± 1.3, and 
5.9 ± 1.4 months for groups 1, 2, and 3 respectively, with the mean 
age differing significantly between the three groups (P = .007). The 
mean age of group 1 was significantly lower than that of groups 2 
and 3 (P = .045 and P = .01, respectively). However, there was no 
significant age difference between group 2 and group 3 (Table 1). 
Mean cardiothoracic ratios were 0.59 ± 0.019, 0.49 ± 0.007, and 
0.49 ± 0.006 for groups 1, 2, and 3, respectively, with a significant 
difference observed between the groups (P < .001). On pairwise 
comparisons, the cardiothoracic ratio in group 1 was significantly 
higher than that in group 2 or 3 (P = .001 and P = .001, respec-
tively). However, there was no significant difference between 
groups 2 and 3 (Table 1). On echocardiographic evaluation of the 
40 children with VSD, a perimembranous defect was detected in 
25 (62.5%) and a muscular defect was detected in 15 (37.5%). The 
distribution of VSD location did not differ significantly between 
groups 1 and 2. The defect diameter/body surface area (DD/BSA) 
ratio was 25.17 ± 2.62 cm/m2 for group 1; this ratio was signifi-
cantly higher than that for group 2 (12.1 ± 0.96 cm/m2) (P < .001) 
(Table 1). Altough there were no significant differences in terms 
of left atrium and left ventricular end diastolic diameters between 
groups, those were higher in group 1 and group 2 than in group 
3 when standardized to BSA (P = .001, P = .011, P = <.001 and 
P = .026, respectively). The Qp/Qs ratio was higher in group 1 than 
in group 2. Although post heart failure treatment, the Qp/Qs ratio 
in group 1 remained higher than that in the other two groups, 
it had significantly decreased from the pretreatment value by 
1 month post treatment initiation (P = .043 and P = .001). There 
were no significant differences in other echocardiographic find-

ings between any of the groups (Table 2).
Mean NT‐proBNP levels were 6623 ± 1560, 480 ± 81, and 

166 ± 17 pg/ml in groups 1, 2, and 3, respectively. After treatment, 
the mean value decreased to 989 ± 263 pg/mL in group 1. There was 

a significant difference in NT‐proBNP levels between the groups 
(P < .001). The level in group 1 was significantly higher than in group 
2 or 3 (P = .04 and P < .001, respectively). The NT‐proBNP level in 
group 2 was also significantly higher than that in group 3 (P = .016). 
NT‐proBNP levels in group 1 significantly decreased with heart 
failure treatment based on pre‐ and posttreatment assessments 
(P = .003, Wilcoxon test). However, the posttreatment levels in 
group 1 were still significantly higher than those in group 3 (P < .001, 
Mann‐Whitney U test).

Based on pretreatment Ross scores in group 1, five children had 
mild, six had moderate, and two had severe heart failure. The mean 
pretreatment Ross score in group 1 was 11.6 ± 0.84, and this score 
significantly decreased to 2.6 ± 0.5 posttreatment (P < .001). The 
mean group 2 Ross score was 2.1 ± 0.23, which was significantly 
lower than the group 1 pretreatment score (P < .001). However, 
there was no significant difference between posttreatment score of 
groups 1 and 2.

Although the CBF velocity of group 1 was lower than that of 
group 3, there was no statistically significant difference in any of 
the measurements between the groups (Table 3). The pretreat-
ment right maximum blood flow velocity was 94 ± 4.6 cm/s and 
posttreatment maximum velocity was 108 ± 5.4 cm/s, ie, a signif-
icant increase was observed with treatment (P = .004). The pre-
treatment left maximum blood flow velocity was 92 ± 3.1 cm/s, 
and it increased significantly to 106 ± 5.4 cm/s posttreatment 
(P = .01). There were no significant changes in other CBF velocity 
parameters with treatment (Table 2). Posttreatment CBF veloci-
ties in group 1 did not significantly differ in terms of any parame-
ters from those in group 3.

3.1 | Correlation analyses

Relationships between CBF parameters and Ross score, NT‐proBNP 
levels, and DD/BSA were investigated in all 40 patients with a VSD 
with correlation tests (Table 4). No significant correlation was de-
tected between Ross score and CBF velocity, but the NT‐proBNP 
level was negatively correlated with right and left maximum blood 

TA B L E  1   Distribution of the study groups according to gender, age, cardiothoracic ratio, defect diameter/body surface area, and 
NT‐proBNP level

Group 1 Group 2 Group 3

VSD + HF (n = 13) VSD (n = 27) Control (n = 25)

Female/malea 8/5 13/14 11/14 P > .05

Age (month)b 2.1 ± 0.24 4.6 ± 1.3 5.9 ± 1.4 P1 = .045, P2 = .01, P3 > .05

CTR 0.59 ± 0.019 0.49 ± 0.007 0.49 ± 0.006 P1 = .001,  P2 = .001,  
P3 > .05

Defect diameter/body surface 
area (cm/m2)

25.17 ± 2.62 12.1 ± 0.96 – P1 > .05

NT‐proBNP (pg/ml) 6623 ± 1560 480 ± 81 166 ± 17 P1 = .04,  P2 = .001, P3 = .01

aChi‐square test was used for comparing the groups according to gender. bP = .007 when all the groups compared with Kruskal‐Wallis test. P1: When 
comparing VSD + HF group with VSD group, P2: When comparing VSD + HF group with control group, P3: When comparing VSD group with control 
group. CTR: cardiothoracic ratio. 
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flow velocities (r = −0.39, P = .013 and r = −0.32, P = .043, re-
spectively). There was also a negative correlation between Qp/Qs 
ratio and left maximum blood flow velocity (r = −0.31, P = .04). 
Statistically significant negative correlations were detected between 

DD/BSA and right maximum CBF velocity (r = −0.35, P = .023), right 
mean CBF velocity (r = −0.46, P = .002), and left mean CBF velocity 
(r = −0.33, P = .037). A significant positive correlation was detected 
between Ross scores and NT‐proBNP levels (r = 0.58, P < .001).

VSD + HF 
(n = 12)

VSD 
 (n = 27)

Control 
(n = 25) P

LVEDd (mm) 19 ± 0.86 22 ± 0.92 21 ± 0.63 .051

LVEDd/BSA (mm/m2) 120 ± 29.6 100 ± 28.4 78 ± 20.5 P < .001

P1 = .201

P2 < .001

P3 = .026

Ejection fraction (%) 71 ± 2.8 69 ± 1.3 73 ± 1.5 .38

Shortening fraction 
(%)

36 ± 1.2 37 ± 1.9 39 ± 1.3 .31

Aortic annulus 
diameter (mm)

10.4 ± 0.46 11 ± 0.59 10.8 ± 0.54 .69

LAd (mm) 15 ± 4.8 15 ± 3.4 14 ± 0.53 .18

LAd/BSA (mm/m2) 97 ± 42.6 71.9 ± 23.4 51 ± 14.2 P = .001

P1 = .642

P2 = .001

P3 = .011

Qp/Qs 3.36 ± 0.57 1.7 ± 0.15 1.1 ± 0.001 P < .001

P1 = .033

P2, 
P3 < .001

Pulmonary annulus 
diameter (mm)

10 ± 0.62 10 ± 0.33 10 ± 0.43 .09

Right atrium diameter 
(mm)

16 ± 1.1 15 ± 0.88 15 ± 0.64 .92

RVEDd (mm) 18 ± 1.5 17 ± 1 18 ± 0.68 .15

Abbreviations: LVEDd, left ventricular end‐diastolic diameter, LAd, left atrium diameter, RVEDd, 
right ventricular end‐diastolic diameter, BSA, body surface area P1, When comparing VSD+HF group 
with VSD group, P2, when comparing VSD+HF group with control group, P3, when comparing VSD 
group with control group.

TA B L E  2   Echocardiographic findings 
of the cases

TA B L E  3   Cerebral blood flow velocities of the casesa

VSD + HF (pretreatment) 
(n = 12)

VSD + HF (posttreatment) 
(n = 12)

VSD 
(n = 27)

Control 
(n = 25)

Right maximum flow velocity (cm/s) 94 ± 4.6b 108 ± 5.4b 99 ± 2.5 100 ± 3.2

Right mean flow velocity (cm/s) 56 ± 3.2 64 ± 4 62 ± 2.5 62 ± 2.5

Right minimum flow velocity (cm/s) 29 ± 2.4 35 ± 3.4 32 ± 2.1 33 ± 1.9

Right pulsatile index 1.08 ± 0.09 1.14 ± 0.05 1.2 ± 0.04 1.14 ± 0.035

Left maximum flow velocity (cm/s) 92 ± 3.1c 106 ± 5.4c 102 ± 3.8 102 ± 3.2

Left mean flow velocity (cm/s) 56 ± 3.2 65 ± 3.6 59 ± 2.5 62 ± 2.5

Left minimum flow velocity (cm/s) 29 ± 2.4 36 ± 2.7 29 ± 1.8 35 ± 1.96

Left pulsatile index 1.13 ± 0.9 1 ± 0.06 1.22 ± 0.4 1 ± 0.3

aThe pre‐ and posttreatment values of VSD + HF group were compared with paired samples t test or Wilcoxon test; posttreatment values of VSD + HF 
and control group were compared with independent samples t test or Mann‐Whitney U test. 
bP = .004. cP = .01. 
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4  | DISCUSSION

A reduction in CBF during heart failure due to low cardiac output 
leads to certain types of neurologic and psychological impairment 
that can be reversed with treatment.11-16 However, most of these 
studies were conducted on adult patients; limited data is available 
on pediatric patients. Kojo et al15 reported the case of a 3‐month‐old 
girl with severe heart failure due to a large VSD (DD/BSA = 37.9 mm/
m2). Her carotid artery blood flow velocity, measured by a Doppler 
flowmeter, was significantly lower than that of five healthy control 
subjects. Her Qp/Qs ratio detected by catheterization was 3.8. In an-
other case report by Kojo et al,18 impaired cardiac function as well as 
lower carotid artery blood flow velocity was observed on postnatal 
days 2 and 3 in a neonate with hypertrophic cardiomyopathy com-
pared with those in normal neonates of the same age. Carotid artery 
blood flow velocity increases to normal levels when cardiac function 
is improved post heart failure treatment.18 CBF velocities of eight 
neonates born to mothers with diabetes were compared with those 
of 12 healthy neonates.19 In contrast to the aforementioned stud-
ies, six of the eight infants had ventricular hypertrophy and lower 
than normal cardiac output and stroke volume than the healthy neo-
nates, but there was no significant difference in anterior cerebral 
artery and carotid artery blood flow velocities between the groups. 
Gruhn et al11 measured CBF by SPECT and found that it was 31% 
below normal in 12 adults with heart failure due to cardiomyopathy 
and ischemic heart disease. Rajagopalan et al20 studied nine adults 
with severe heart failure using SPECT and found a global decrease in 
CBF velocity. Recently, some investigators have attempted to dem-
onstrate that heart failure is a risk factor for Alzheimer’s disease, 
which may be associated with decreased CBF velocity.21,22 Jesus et 
al12 investigated an association between cognitive impairment and 
CBF velocity in adults with heart failure; they found a decrease in 
the mean flow velocity of the right middle cerebral artery and an in-
crease in the pulsatility index. Alves et al13 compared 17 adults with 

New York Heart Association class II‐III heart failure with a healthy 
control group. CBF assessed by SPECT, particularly in the right lat-
eral temporoparietal and posterior cingulate cortex, was lower than 
in the healthy control group and was associated with cognitive im-
pairment. The same group assessed CBF by SPECT and found lower 
flow in patients with major depressive disorder and heart failure 
than in controls.14 In a study by Loncar et al16 CBF in 71 men with 
dilated cardiomyopathy and ischemic heart disease was lower than 
that in the healthy control group. In all these adult studies, the re-
duction in CBF can be explained by the decreased cardiac function.

In our study, although CBF velocities in children with a VSD and 
heart failure were lower than those in healthy children, the differ-
ence was not statistically significant in comparison with those with 
VSD alone or with healthy children. In this respect, our study re-
sults are similar to those of Wu et al,26 who reported a statistically 
insignificant reduction in CBF in neonates with mothers who had 
diabetes. Our findings of a negative correlation between CBF and 
DD/BSA and Qp/Qs ratios support findings of Kojo et al15 in the 
previously mentioned 3‐month‐old. A great majority of studies on 
this topic have investigated adults with heart failure, consistently 
demonstrating reduction in CBF and increase in the pulsatility index. 
The etiology of heart failure in such studies on adults has generally 
been ischemic heart disease resulting in inadequate myocardial con-
traction. Conversely, in pediatric patients, as our study suggests, the 
main cause of heart failure is congenital heart disease; the ejection 
fraction is preserved. Therefore, compensatory vascular responses 
may be more effective in pediatric patients with heart failure. Thus, 
our finding that CBF velocity and the pulsatility index did not differ 
between the groups assessed suggests that compensatory mecha-
nisms for maintaining blood supply to the vital organs, such as CBF 
and coronary blood flow, function better in children (particularly in 
infants) than in adults.

Gruhn et al11 evaluated CBF pretransplantation and 1 month pos-
theart transplantation in five patients with heart failure secondary 

Ross score NT‐ProBNP (pg/ml)
DD/BSA (mm/
m2)

Right maximum flow velocity 
(cm/s)

r = −0.088, 
P = .58

r = −0.39, P = .013 r = −0.35, 
P = .023

Right mean flow velocity 
(cm/s)

r = −0.08, P = .58 r = −0.15, P = .32 r = −0.46, 
P = .002

Right minimum flow velocity 
(cm/s)

r = −0.027, 
P = .87

r = 0.024, P = .88 r = −0.30, 
P = .053

Right pulsatile index r = −0.13, P = .35 r = −0.15, P = .40 r = 0.20, P = .19

Left maximum flow velocity 
(cm/s)

r = −0.11, P = .47 r = −0.32, P = .043 r = −0.27, P = .08

Left mean flow velocity (cm/s) r = −0.005, 
P = .97

r = −0.17, P = .27 r = −0.33, 
P = .037

Left minimum flow velocity 
(cm/s)

r = 0.11, P = .50 r = 0.029, P = .85 r = −0.19, P = .22

Left pulsatile index r = –0.23, P = .14 r = –0.23, P = .15 r = 0.15, P = .33

aValues were analyzed with Spearmen correlation test. 

TA B L E  4   Relationships of cerebral 
blood flow velocity with Ross score, 
NT‐proBNP, and DD/BSAa
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to cardiomyopathy and ischemic heart disease. Their pretransplan-
tation CBF was significantly lower than that in 12 healthy control 
subjects, but it increased posttransplantation to normal levels. This 
increase was secondary to an increase in cardiac output. Rajagopalan 
et al20 reported that the reduced CBF in nine patients with severe 
heart failure improved up to that in the control group post 4‐15 days 
of captopril therapy. Bommel et al23 evaluated 35 adults with heart 
failure who received cardiac resynchronization therapy and then 
had significantly increased CBF measured by transcranial Doppler 
ultrasonography. Similar to the findings in adults,11,20,23 we found a 
significant increase in CBF with a decrease in the Qp/Qs ratio with 
heart failure treatment. In the present study, all patients with VSD 
and heart failure were administered combined anticongestive ther-
apy comprising digoxin, diuretics, and ACE inhibitors. It is aimed at 
reducing pulmonary or systemic congestion (diuretics), reducing dis-
proportionately elevated afterload (ACE inhibitors), and increasing 
contractility (digoxin). In particular, increased myocardial contractil-
ity and decreased afterload were thought to reduce the Qp/Qs ratio 
by increasing systemic blood flow. These results suggest that medi-
cal treatment for symptomatic heart failure also leads to an increase 
in CBF velocity.

Previous studies reported that serum NT‐proBNP levels in chil-
dren diagnosed echocardiographically with congestive heart failure 
and/or left ventricular dysfunction are higher than those in healthy 
controls.10,17,24 This was also found in the previously mentioned 
study by Loncar et al16 studying patients with heart failure whose 
CBF was low and was negatively correlated with serum NT‐proBNP 
levels. In our study, the NT‐proBNP levels were significantly higher 
in children with heart failure than in those without heart failure. We 
have previously reported that heart failure treatment in children 
leads to a significant decrease in serum NT‐proBNP levels, although 
they still remain higher than those in healthy children24; this result 
is consistent with that of a number of studies demonstrating that 
NT‐proBNP can be used as a marker for monitoring heart failure 
treatment.25,26 In the present study, we demonstrated a negative 
correlation between NT‐proBNP levels and the right and left max-
imum CBF velocities. Similarly, Wu et al26 found that when the NT‐
proBNP level increases in children with heart failure, CBF velocity 
decreases. Therefore, we suggest that serum NT‐proBNP levels be 
used as a marker of changes in CBF.

In conclusion, the hemodynamic status of children with a VSD 
and symptomatic heart failure is associated with a reduction in 
CBF, which can be ameliorated by treating the heart failure. In ad-
dition to transcranial Doppler ultrasonography, serum NT‐proBNP 
levels may also be a reliable and useful parameter for detecting 
changes in CBF.

5  | LIMITATIONS

There are some limitations of this study. Because we excluded pa-
tients who had already received heart failure treatment at the time 
of VSD diagnosis, there was a significant age difference between the 

three study groups. Because CBF velocities change with age, a simi-
lar study would benefit from better age‐matching of patients and 
controls.
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