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Summary

Aims and objectives:: Cardiovascular autonomic dysfuaction (CAD) has been
documented as part of neurological complications in sickle cell anaemia (SCA)
There is little information on CAD from sub-Saharan Africa with 25 10% prevalence
rate of sickle cell trait. This study therefore assessed cardiovascular autonomic
reflex function in a group of Nigerians with SCA.

Subjects and methods: Forty SCA and 44 controls (Hemoglobin AA) were studied
They were assessed using 6 non-invasive cardiovascular autornonic reflex (CAR)
lests. Parasympathetic functions were assessed with heart rate variability (HRV)
to deep breathing, Valsalva maneuver and lying-to-standing test while sympathelic
blood pressure regulation was assessed by systolic and diastolic blood pressure
responses to lying-to-standing position and isotonic handgrip test

Results: Mean haemoglobin (Hb) concentralion of SCA patients and controls
were 8.4+2.4 g/dl and 13.1+0.9g/dl, respectively. Baseline heart rate was
significantly faster in the SCA palients (84+12 beats/ minute) tharn in controls
(76+11beats/minute) [P <0. 05]. Eleven SCA compared to 2 controls had abnormal
responses to deep breathing test (P=0.003); 15 SCA and 6 controls had impaired
Valsalva ratio (P=0.01); 8 SCA and 4 controls had abnormal responses lying-to-
standing test (P=0.2). Although, more SCA patients compared [0 controls had
abnormal responses to sympathetic mediated blood pressure iesis ihe difference
was insignificant (P>0.05). Overall 21 (53%) SCA patients compared (o 4 conirol
subjects (9%) fulfilled the criteria for cardiovascular autonomic neuropathy
(presence of "3 CAR tests) with p <0.05.

Conclusion: CAN occur in Nigerians with SCA with relative preservation of the
sympathetic blood pressure reflex control compared lo parasympathetic heart
rate regulation. Increase baseline heart rate associated with SCA in the presence
of chronic anaemia could result in myocardial hypertropity and dilatation. This is

likely to be predispose sicklers to hypoxia-related arrhythmia
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Introduction

Sickle cell disease (SCD) is an inherited multisystemic
disorder that is caused by abnormality in hemoglobin
synthesis'. The homozygous state of the disease is referred
to a¥ sickle cell anaemia (SCA).

Derangements in cardiac structure and functions are
common sequelae of SCA?. These include cardiomegally
that is related to increase workload from chronic anaemia,
of arrhythmia and myocardial infarction®. The myocardial
ischemia of SCA occurs in the background of normal
coronary angiography and has uncertain pathogenesis®.
Part of possible mechanisms that has been proposed
includes combine effects of severe anaemia, microthrombi

and increased blood viscosity**

Myriad of neurologic complications have been
documented in SCA' “®with varied frequency from 25% to
76%5. Interest on efiects autonomic nervous system
dysfunction in SCA has increased recently with several
publications released on this topic ". Only few of these are
from sub-Saharan Africa countries?'?, despite the high
prevalence rate of sickle cell gene of 25 to 40% in the
region ''. Lack of facilities need lo evaluate autonomic
function might be partly responsible. This necessitated
doing present study in which conventional clinical
cardiovascular autonomic reflex (CAR) tests were.used to
evaluate autonomic function in a group of Nigenans.with
SCA. This non-invasive method have sensitivity of close
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1o 87%'2 and has been used 10 establish cardiovascular
autonomic neuropathy (CAN) in diabetes mellitus, heart
failure, chronic renal failure, Parkinson’s’ and alcoholic
heart diseases ' '*'".

Subjects and methods

The patients included 40 sickle cell anaemic
individuals (20 males and 20 females) with mean age of
24.9+6.4 years. Patients were crises free 2 weeks prior to
the evaluation and had not been transfused in the
preceding 3 months. Forty-four (44) individuals with Hb
AA genotype (21 males and 23 ferales) were selected as
control subjects. Exclusion criteria included history of
previous stroke, diabetes meliitus, hypertension, heart
failure and chronic liver disease. Smokers and individuals
that took alcoholic beverages of more than 3 botties per
week were excluded from the study. None of the study
participants were on any medication such as beta blockers,
nitrates or tricyclic antidepressants that could affect
autonomic function. Willing SCA patients were encouraged
to participate in the study. They were recruited from sickle
cell clinic in medical outpatient department of the University
of llorin Teaching Hospital, llorin, Nigeria. The controls
were drawn from amongst medical students and members
of staff of the hospital. All subjects gave informed consent
and approval for the study was obtained from the Ethics
Committee of the Institution.

Cardiovascular autonomic nervous function tests were
performed in the morning in a quiet room after an initial 15
minutes rest. Thereafter a baseline ECG was performed in
supine position. Initial test was done in order to train the
subjects to perform the manoeuvre correctly. The protocol
used for the autonomic test is as stated in previous
published works™™®. A standard test sequence was
followed: Valsalva manoeuvre, deep breathing test, a lying-
to-standing and sustained handgrip test. A period of 5
minutes rest was given aftereach test. Subjects had
haemoglobin electrophoresis done to confirm their
genotype. The ratio of longest R-R interval on ECG shortly
after the Valsalva manoeuvre to the shortest R-R interval
immediately after the strain period was calculated and
expressed as the Valsalva ratio'2'¢, Value of 1.4 or below
was considered abnormal. The deep breathing test
involved paced breathing at a rate of 6 deep breaths per
minute. The difference in BR-R interval on the ECG tracing
during expiration (longest) and in inspiration (shortest) was
calculated (RR_, 00— AR i)+ VaIUE less than 1.2 was
considered abnormal. The 30:15 ratio was the heart rate
(HR) response from lying-to-standing position and was
expressed as the ratio between the 30" and 15" R-R
interval'>%. Ratio less than 1.04 depicts impairment in the

* reflex function®. Cardiovascular autonomic neuropathy
was defined as occurrence of 3 or more CAR tesls®™. The
ECG tracing was read manually by the same person. Blood
pressure sympathetic reflex test was evaluated using

systolic blood pressure (SBP) and diastolic blood pressure
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(DBP) responses o change in posture from supine position i
to erect posture for minimum of 3 minutes 3. Drop in SBP
(20mmHg) and DBFP below 10mmHg is considered as
abnormal responses. The third sympathetic blood pressure
reflex test involved sustained isotonic handgrip at about
30% of normal maximum strength using the dominant
hand. Abnormal value was a drop in DBP below

15mmHg'?'%.

Data analysis
The data obtained were analysed using the SPSS

computer soft ware package version 12. Simple frequency
distribution table was constructed. Mean was used as
summarizing index, while the standard deviation was used
as index of variation. Student t-test was used to assess for
significant differences between mean of continuous
variables. Chi square test was used to test for association
between discrete variables. P value of 0.05 or less was
taken as statistically significant.

Results
Age of the SCA patients ranged from 16 to 45 years

with mean (SD) of 26.1+5.1years and age of control subjects
ranged from 20 to 45 years with of 26.3 +5.1years. Mean
haemoglobin concentration of the SCA patients was
8.4+2.4 g/dl, while their mean height and weight were
1.63+0.1m and 51.6+11.1kg, respectively. Controls had
haemogram of 13.1x0.9g/dl, with mean height of 1.7+0.1m
and weight of 62.4 +12.5kg. Mean body mass index (SD)
of control subjecls and palients are 21.8+4 2 kg/m? and
19.1+3.2kg/m?, respectively. Baseline mean heart rate was
higher in the SCA than controls [84+12 beats/ minute Vs
76+11 beats/minute (P<0.05)]. Systolic and diastolic blood
pressures were significantly higher in SCA patients
(123+11mmHg and 79+8mmHg, respectively) than the
control subjects (116+14mmHg and 68+8mmHg.
respectively) with P<0.05. This is shown in Table i. Three
of the 6 cardiovascular autonomic reflex tests were used to
assess the parasympathetic heart rate regulation.
Significantly, greater proportions of SCA patients had
abnormal values in 2 of the 3 tests. Eleven SCA compared
to 2 controls had abnormal responses to deep breathing
test (P=0.003) while 15 SCA and 6 controls had impaired
Valsalva ratio (P=0.01). Abnormal values in heart rate
responses from lying-to-standing position occurred in &
SCA and 4 controls (P=0.2). Although greater proporticn
of SCA patients compared to controls had abnormai
responses to sympathetic blood pressure isotonic handgrip
test the differences were insignificant (P=0.05). Two SCA
patients had drop in systolic blood pressure (SBP) below
20mmHg and only 1 patient had drop in diastolic blocz
pressure (DBP) below 10mmHg. None of the controls haz
drop in SBP and DBP below 20mmHg and 10mmrg
respectively. This is further illustrated in table i
Cardiovascular autonomic neuropathy was defined as the
presence of 3 or more CAR tests, occurred 52.5% (2°

SCA patients and 4.5% (11.5) controls with P<0.005 (tat's
iii).




ley Funcoon in Sickde Cefl Ansermz Patierts: Emmanue! 0. Sanya, e &

Table i:
Baseline characteristics of SCA patients and controils
Characteristics SCA Patients (N=40) Controis (N=44) P value
Mean (SD) lean (SD)
Age(years) 25-5 26+5
Hb levei(gmvd) 84+24 13.1209 0.001
Height(m) 16201 1.7£0.7 0.002
Neight(kg) 51.6=11.1 62.4=125 0.0001
Body mass Index{BMI) 19.1=32° 218:42 003
Heart rates (beats/min) 84:12 76+11 0.003
Systolic BP (mmkig) 123211 116214 004
Diastolic BP (mmHg) 788 68=11 0.001
Table ii:
Comparison of abnormal cardiovascular function tests in patients and controls

Autonomic function tests SCA N=AD(%) Control H=44(%) P value
Heari rate response to:
Deep breathing (d"1.2) 11(27.5) 2{4 5) c.003
Valsalva manesuver (d"1.4) 15(37.5) 6{13.56) 607
To sianding 30:15 ratio{d™1.04) 8(20) 4{9.1) 02

2(5) ] >

1(2.5) o ¥

7{17.5) 2{45) 0.05

21(53%) 4(5%) comeezE

Our resuit showed that CAN occur 2s part of ihe neu-
rological complicafions seen in sicide cell anaemia. Thisis
supporied by the presence CAD in more SCA paiients than
controis with frequency of 52.5%. Functions of the para-
sympatheilic arm of the cardiovascular autonomic nervous
system appear to be severely impairsd than those of e
sympathesic. The proporiion of SCA patients with CAD in
this study is comparable tc 58_3% documented by Romero
et al from Brazil using heart raie vanability measurement
and ciinical autonomic reflex tests®. Clinical implication and
prognosiic relevance of cardiovascular autonomic impair-
like dizbetes meffitus, hypertensive heart failure and alco-
holic heart diseasee®™”. Pzlients with CAN have been
reporied io have higher morbidity and mortality with reduc-
fion in quality of life’">*. The patiem of auionomic dys-
function found in SCA patients in this study is similar io
what had been documented in diabetes mefiitus and hy-
pertensive heart failure™"™%  while in chronic renal failure
theregs derangement in function of both arms of the car-
diovascular autonomic nervous system’™.
patients were crises free, which is o limit possible effects
of acute sicide cell crises on our resuits. During this period
subciinical vaso-occiusion has been reported? which has
been associaled with various degrees of microvascular
damage of different organ including nervous tissues?. The
basefine data of the control subjects in comparison with

the homozygous sickiers revealed they wese appareniy
of 8.4+ 2 Agm/dl, which is similar 1o 4 to 7gmidl reporied as
the baseline haemogram amongst Nigerians with SCAZ.
This chronic anaemia is usually due io chronic heemolyss
associaied with recurrent maiana and sepsis Thatf s com-
mon in SCA™™. Reports have it that whenever bicod
haemogram level falis beiow 8gmidl m SCA pafienis car
diac oulput could rise by as much as 50% above normal
resing value™_ it was thersfore not susprising it Fie mean
heart raie in this group of SCA pafients was signSicaniy
higher than controls. The finding of this shudy has impor-
tant clinical relevance because the increase in resiing heart
raie in the background of chronic ansemia and possible
autonomic Impainment in favour of unopposed sympathetic
activity will ulimately results in cardiac muscie hyperto-
phy and diatabon™*. The resulling higher demand for oxy-
gen by the myocardium is lkesly io predispose o hypoxiz-
related arthythmia™. The long term conseguence of this
findng in SCA warrants firther evahuziion. We Shersiors
recommend that further siudy on prognossic relevance of
our findings need to be done and o relate autonomic -
pairment seen in SCA with ofher medical condiions
which CAN had been reported such as diabetes melitus.
In conclusion, this study has demonstrated that cardiovas-
cular autonomic neuropathy s common in SCA pafients,
with relafive preservation of the sympathetic imb of car-
diovascular autonomic nervous system. These could be
part of the several mechansms responsible for hagh moe-
bidity and mortality in SCA.
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Part of the limitations of this study is the use of conven-

tional clinical reflex tests to assess the cardiovascular au-
tonomic functions and manual determination of ECG inter-
vals. However, this conventional method has been estab-
lished to be simple, reliable, and cheap'>". Also its results
are reproducible and comparable to that of automated sys-
tems?” which are not readily available in most centers in
developing countries.
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