DECREASED HEART RATE VARIABILITY IS ASSOCIATED WITH INCREASED TRANSCRANIAL
DOPPLER VELOCITIES IN CHILDREN WITH SICKLE CELL DISEASE

Objective: To explore the relationship be-
tween 24-hour blood pressure (BP) variability,
heart rate (HR) variability, and transcranial
Doppler velocity (TCDV) in a cohort of
pediatric sickle cell disease (SCD) patients.

Design, Setting, and Participants: This is a
retrospective study of 11 children aged 8-
18 years with SCD who previously underwent
24-hour ambulatory BP monitoring and TCDV
measurements.

Interventions: Medical records were reviewed
for TCDV and 24-hour ABP data. TCDV in the
right and left middle cerebral artery were
examined, and the highest velocity was
recorded. HR and BP standard deviations
were used as markers of variability. The
relationships between daytime, nighttime,
and 24-hour blood pressures and heart rate
variability were determined.

Results: Mean age, body mass index and
hemoglobin levels were 11.2 = 3.0 years, 18.7
= 3.4 kg/m?, and 9.1 = 1.7 g/dL, respectively.
Median transcranial Doppler velocity was
136cm/s (125-142). Decreased day, night,
and 24-hour heart rate variability were signif-
icantly associated with increased transcranial
Doppler velocity (R=—.69, P=.02; R=—.82 P
=.002; R=—.66, P =.03, respectively). BP
variability did not correlate with TCDV. Night-
time BP indexes were higher than daytime.

Conclusions: In this small cohort, decreased
heart rate variability assessed by the standard
deviation of HR was associated with increased
transcranial Doppler velocities in children with
SCD. No correlation between measurements of
BP variability and TCDV was found. Our study
provides new information on heart rate and
blood pressure variability and TCDV; a surrogate
marker of stroke risk in sickle cell disease. Larger
multicenter studies are needed to confirm our
findings. (Ethn Dis. 2014;24[4]:451-455)
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INTRODUCTION

Sickle cell disease (SCD) is associat-
ed with multple comorbidities and
remains one of the world’s most
common hereditary disorders." Individ-
uals with SCD suffer repeated vaso-
occlusive events characterized by ische-
mia-reperfusion injury and inflamma-
tion.”? These chronic vascular insults
lead to numerous target-organ compli-
cations such as avascular necrosis of
bones, retinal infarction, stroke, acute
chest syndrome, pulmonary hyperten-
sion, and skin ulceration. A seminal
feature that sets sickle cell disease apart
from other chronic hemolytic syn-
dromes and that predicts disease severity
is a chronic, intense inflammatory state.
Sickle cell disease is a chronic inflam-
matory condition with an ongoing
insult to the vascular tree and increased
prevalence of microalbuminuria, oxida-
tive stress and iron overload, abnormal
nitric oxide, hypoxia and reoxygenation
injury, inflammatory cytokines, leuko-
cytosis and increased inflammatory
markers such as CRPs.*°

Stroke is a devastating SCD mor-
bidity and affects as many as 11% of
children who inherit sickle hemoglobin
from both parents (HbSS).” "' The
pathophysiology of stroke is multifacto-
rial with vasculopathy due to ongoing
inflammation and a state of nitric oxide
(NO) resistance recently taking a central
role. Wood et al'? described sickle cell
disease as a steady state of increased
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plasma cell-free hemoglobin and over-
production of reactive oxygen species
(ROS) that scavenge endothelium-de-
rived NO and metabolize its precursor
arginine, impairing NO homeostasis.
Human physiological and transgenic
animal studies provide experimental
evidence of cardiovascular and pulmo-
nary resistance to NO and reduced NO
bioavailability that is associated with
vasoconstriction, decreased blood flow,
platelet activation, increased endothelin-
1 expression, and end-organ injury.

Transcranial Doppler (TCD) ultra-
sonography is a cost-effective, noninva-
sive tool used to identify vessel narrowing
or occlusion within the large cerebral
vessels to assess risk of stroke in children
with SCD."? Measured velocities greater
than 200 cm/s in the large cerebral vessels
are considered abnormal and associated
with a higher risk of stroke. Healthy
children have an average transcranial
Doppler velocity (TCDV) of 79 =*
13 cm/s, while SCD children without
overt stroke average 133 = 19 cm/s in
the middle cerebral artery (MCA).14

24-hour ambulatory blood pressure
monitoring (ABPM) provides superior
assessment of blood pressure (BP) mea-
surements and patterns as well as heart rate
(HR). Studies have shown ABPM to better
predict cardiovascular mortality than clinic
blood pressure measurements;'> ABPM is
valuable in determining BP and HR
variability using the standard deviation of
24-hour ABP and HR readings.'® Blood
pressure varies considerably throughout
daytime hours and to a lesser extent during
the night to accommodate differing am-
bulatory and environmental changes in
normal persons.'”

Heart rate variability occurs in re-
sponse to specific physical demands.
Sympathetic and parasympathetic auto-
nomic nervous system influences dynam-
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ically regulate the degree of HR variabil-
ity;'® HR variability is known to decrease
with stress and increase during times of
rest.'” Reduced HR variability indicates
an autonomic imbalance, possibly caused
by weak parasympathetic control,?
which endorses sympathetic dominance
and consequently mortality.”! Previous
studies have shown an association be-
tween reduced HR variability and in-
creased all-cause mortality and adverse
cardiovascular events.”'

Incidence and severity of target
organ damage has been shown to
correlate with increased 24-hour BP
variability in the hypertensive adult
population in several previous stud-
ies. > Evidence also suggests that
variability and instability in blood
pressure increases the risk of vascular
events, especially stroke.”>?’

The relation of BP and HR vari-
ability to risk of stroke in the pediatric
SCD population has not been previous-
ly defined. In our study, we examine the
relationship between HR variability, BP
variability, and TCDV in pediatric
sickle cell patients. We hypothesize that
decreased HR variability and increased
BP variability are associated with in-
creased TCDV, and therefore increased

cardiovascular disease risk and stroke.

METHODS

Setting and Study Design
Medical records of eleven patents
aged 8-18 years old with SCD who

We hypothesize that decreased
HR variability and increased
BP variability are associated
with increased TCDYV, and
therefore increased
cardiovascular disease risk

and stroke.
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previously underwent 24-hour blood
pressure monitoring were used to examine
24-hour BP variability and HR variability
and their relationship to TCDV values.
Demographic and biochemical data were
collected. Approval for this study was
granted by the Institutional Review Board
at the Medical University of South
Carolina (MUSC).

Children were included if they had
Hb electrophoresis-confirmed SCD
(HbSS, HbSB® thalassemia, and HbSC)
and were aged 8-18 years at the time of
the study. Participants were ineligible
for 24-hr ABP monitoring if they were
in pain at time of clinic visit, had vaso-
occlusive crisis (VOC), acute chest
syndrome (ACS) in the last 3 weeks
(to ensure that pain is not contributing
to BP abnormalities), had other con-
comitant primary kidney disease, or
secondary hypertension, were receiving
angiotensin-converting enzyme inhibi-
tors (ACEQ) or angiotensin II receptor
blockers (ARBs).

Patients excluded secondary to pain,
VOC, or ACS were eligible if they
presented subsequently for follow up
and were pain-free during the study
enrollment period.

Chronic transfusion treatment (de-
fined as receiving packed erythrocyte
transfusion or erythrocytapheresis ap-
proximately every 4 weeks with the goal
of maintaining a pre-transfusion hemo-
globin S concentration between 30—
50% for at least 2 years) was recorded as
this subgroup of patients generally have
a more severe disease (eg, an abnormal
TCD measurement, history of stroke).

Assessment of ABPM

The patients participated in a previ-
ous MUSC ABP monitoring study
where 24-hour ABP was recorded utiliz-
ing the Spacelabs 90217 ambulatory
monitor (Spacelabs Medical, Issaquah,
WA), fitted and programmed as previ-
ously described.’>*' Mean and standard
deviation of daytime, nighttime, and 24-
hr systolic and diastolic BP values were
extracted from the study records. Am-
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bulatory systolic and diastolic BP indexes
(mean daytime and night time ambula-
tory BP divided by the 95th percentile
for pediatric ambulatory BP normative
data) were calculated; HR and BP
standard deviations were used as markers
of variability.'®

Participants also had an ABP study
visit while not having any concurrent
acute medical illnesses that included a
history and a physical examination. Body
weight and standing height were mea-
sured using a digital scale and a wall-
mounted stadiometer to the nearest 1 kg
and .5 cm, respectively. BMI was calcu-
lated by dividing the weight in kilograms
by the square of the height in meters.

Ambulatory blood pressure moni-
toring and TCD measurements were
done in the outpatient setting within
no more than one year. The ABPM
machines were programmed to obtain a
measurement every 20 minutes during
the daytime and every 30 minutes
during the sleep period. A successful
ABPM was defined as > 80% successful
readings with at least one successful
measurement every hour.

Assessment of TCDV

Velocities of TCD were extracted
from the medical records of the study
population. The TCD studies were
performed using the Spencer Technol-
ogies ST3 ultrasound apparatus with a
transducer operating at 2 MHz. The
right and left middle cerebral artery,
anterior cerebral artery, intracavernous
internal carotid artery, and posterior
cerebral artery were analyzed using a
standard transtemporal approach. Only
MCA velocities were reported for the
purposes of our study because the MCA
has typically high blood flow velocities
and is a common site of infarct. The
MCA was identified with flow direction
toward the probe and the signal was
optimized. Samples of the MCA were
isonated along a depth of 30mm-56mm,
depending on the size of the child’s head,
at 2mm increments up to the MCA/ACA
bifurcation. Velocities described in this
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Table 1. Demographic and bioclinical characteristics of the study population®

Variable All SCD Patients (n=11)
Age, years 11.2 £3.0
Sex, n (%)
Male 7 (64%)
Female 4 (36%)
BMI, kg/m? 18.7 = 3.4
Receiving chronic transfusion therapy 5 (45%)
TCDV, cm/s 136 (125, 142)
Hb level, g/dL 9.1 =17

SCD, Sickle cell disease; TCDM, transcranial Doppler velocity.
 Continuous, normally distributed variables are presented as mean =+ SD and categorical variables presented as
n (%). Continuous, not normally distributed variables, are presented as medians and interquartile ranges.

article are time-averaged means of Vmax
in either the right or left MCA, depend-
ing on which was the greatest value.

Methods of Statistical Analysis
Categorical variables are presented as
relative frequencies. Continuous vari-
ables, not normally distributed, are
presented as medians and interquartile
ranges. Normally distributed continu-
ous variables are presented as means *
standard deviations. Pearson correlation
was performed between ABP parameters
and TCDV. A multivariable linear
regression model with TCD as outcome
variable and night HRV as variable of
interest was built; variables of clinical
significance (age, BMI and Hb level)
were also included in the model.
Statistical and database software
used included STATA 9.2 (Stata Cor-
poration, College Station, TX) and

Table 2. 24-hr indexed ABP and HR
measurements®

All SCD Patients

Variable (n=11)
24-hr systolic index 97 (.91, 1.05)
24-hr diastolic index 93 (.85, 1.00)
Day systolic index .95 (.93, 1.02)
Day diastolic index .91 (.85, 1.00)
Night systolic index 99 (.94, 1.10)
Night diastolic index 1.00 (.86, 1.10)
24-hr heart rate 81 (78, 96)

* Ambulatory systolic and diastolic BP indexes
(mean daytime and night time ambulatory BP
divided by the 95th percentile for pediatric ambula-
tory BP normative data), presented as median
(interquartile range).

Microsoft Office Excel 2007 (Microsoft
Corporation, Redmond, WA), respec-
tively. Statistical significance for all
analyses was set at two-sided <<.05.

RESULTS

Complete data and TCD studies
were available for 11 children. All were
African-American, 64% were male,
mean BMI was 18.7 = 3.4 kg/mz, five
of the children (45%) were receiving

chronic transfusion therapy at the time
of the study. The TCDV measurements

were all taken from either the right or
left MCA, depending on which reading
was highest. Median TCDV was
136cm/s (125, 142 cm/s). (Table 1)

Indexed BP variables are presented
in Table 2. Nighttime BP indexes were
higher than daytime. This is consistent
with our finding in the full cohort of 39
children who underwent ABPM.*?
Night-time diastolic index had a medi-
an of 1.00, indicating that as a group,
children had a night-time diastolic
BP that met the threshold for being
hypertensive.

Heart rate variability was inversely and
significantly associated with TCDV. The
strongest inverse correlation was found
between night-time HR variability and
TCDV (R=-.82, P=.002), Figure 1.
A statistically significant inverse correla-
tion also existed between daytime HR
variability and TCDV (R=—.69 P=.02)
and between 24-hr HR variability and
TCDV (R=—.66, P=.03), Table 3. In a
multivariable linear regression model of
TCD determinants; after adjusting for
age, BMI, and Hb levels, night HRV was
significantly associated with TCD veloci-
ty, Table 4. No significant correlation was

TCD- cm per sec
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Fig 1. Night-time heart rate/blood pressure variability and transcranical Doppler velocity
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Table 3. Bivariate correlation between TCD velocities and HR variability®
Day HR SD Night HR SD 24-hr HR SD
TCDV —.69 (.02) —.82 (.002) —.66 (.03)

TCDV, transcranial Doppler velocity; HR, heart rate.
¢ Data are Pearson correlation coefficient (P).

In our study, we show for the
first time that reduced HR
variability assessed by
standard deviation is
significantly associated with
increased TCDYV in children
with SCD. Day-time, night-
time, and 24-h HR
variability were all inversely

correlated with TCDYV.

found between BP variability and TCDV

(data not shown).

DISCUSSION

The effect of HR and BP variability
on risk of stroke in children with sickle
cell disease is yet undefined. In our
study, we show for the first time that
reduced HR variability assessed by
standard deviation is significantly asso-
ciated with increased TCDV in children
with SCD. Day-time, night-time, and
24-h HR variability were all inversely
correlated with TCDV. Consistent data

exist within various alternate popula-
tions; Binici et al reported a strong
correlation between reduced night-time
HR variability and stroke risk among
653 healthy adult participants with no
history of stroke or cardiovascular
disease.”® Pringle et al®> demonstrated
night-time systolic BP variability as an
independent risk factor for stroke in an
elderly hypertensive population, where-
as Tatasciore et al®* found a positive
correlation between daytime systolic BP
variability and target organ damage in a
younger hypertensive population.
Decreased HR variability is indica-
tive of an autonomic imbalance and has
been reported in multiple disease states
such as diabetes, hypertensive cardiac
hypertrophy, and atherosclerosis.'” In
studies examining cardiovascular char-
acteristics following stroke, reduced HR
variability has also been shown.>>?® In
our study, the relationship between
TCD velocity and night-time HRV
continued to be significant after adjust-
ing for age, BMI and Hb levels.
Increased BP variability is thought
to induce organ damage by inflicting
trauma on blood vessels walls as BP
fluctuates.”” Several previous studies
have consistently suggested a relation-
ship between increased variability and
target organ damage and risk of stroke
in hypertensive populations. Our study
did not support any correlation between

Table 4. Multivariable regression model of TCD determinants

Variable Regression Coefficients P 95% Confidence Interval
Night HRV (SD) —7.5 .02 —13.1, =19

Age 1.2 .6 -39, 6.3

BMI 2 .93 —4.7,5.1
Hemoglobin 4.4 4 -6.9, 15.7

HRYV, heart rate variability; TCD, transcranial Doppler.
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BP wvariability and TCDV; this is
possibly related to our small sample size
or different characteristics of the car-
diovascular tree of children with sickle
cell disease. Additionally, previous work
suggests that if the BP values are
obtained at intervals greater than
15 minutes, then the accuracy of SD
as an assessment of BP variability is
w37

Identifying additional, modifiable

and easily measurable risk factors of

lo

stroke is clinically important to reduce
and possibly prevent this devastating
morbidity of SCD. Children with SCD
are at risk for developing stroke,
especially if the child has increased
transcranial Doppler velocities in the
large cerebral vessels. Due to the inverse
relationship between blood flow velocity
and vessel diameter, a higher TCDV in
cerebral vessels may be indicative of
vessel stenosis.'” Though none of our
study participants showed abnormal
TCD velocities (>200cm/s), all 11
velocities were above the average of
79 cm/s found in healthy children and
consistent with the average TCDV of
children who developed strokes.”

Our study was limited by its
retrospective design and small sample
size. Standard deviations were utilized
to assess variability; other time-depend-
ed measures are more sensitive. Heart
rate variability can be influenced by
environmental factors, physical activity,
smoking, and stress. To our knowledge,
none of the participants was a smoker at
time of the study, all ABPM studies
were started in clinic and children
carried the machine to school the next
day. On the other hand, it explores a
potentially very important relationship
between HR variability and TCDV.
Also, our study was limited to patients
8-18 years old, future prospective
studies examining this relationship in
patients younger than 8 years of age are
needed.

Decreased HRV is associated with
increased TCD velocities in children
with SCD. Our study provides new



information on HR and BP variability
and TCDV, a surrogate marker of
stroke risk in SCD. Larger multicenter

studies are needed to confirm our

findings using a more sensitive measure

of HR and BP variability.
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