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SUMMARY 
Objective: To compare the cardiovascular features of patients with sickle cell anaemia (SCA) in steady-state with 

those in vaso-occlusive crisis (VOC) at the Wesley Guild Hospital (WGH).  

Design: A descriptive cross-sectional, matched, case-control study among children with SCA at the WGH, a tertiary 

health facility in southwest Nigeria.  

Setting: The participants were recruited from the children’s emergency unit and paediatric haematology clinic of the 

WGH. 

Participants: Consisted of 93 children with VOC (cases) and 93 age and sex-matched in steady state (controls), aged 

5 – 15 years. 

Main outcome measures: Cardiovascular parameters, including pulse rate, blood pressure, and electrocardiographic 

profile, were assessed and compared using the appropriate statistical tests. 

Results: The mean (SD) age of the cases and controls were 8.8 (3.2) years and 9.0 (3.1) years, respectively (p= 0.106). 

There was no significant difference in the mean height of the groups. The mean pulse rate, diastolic, systolic, and 

mean arterial pressures were significantly higher in the cases than in the controls. A significantly higher proportion of 

the cases than the controls also had a higher frequency of heart blocks, prolonged QTc interval, ST elevation or de-

pression, and T wave abnormality (p = 0.018, 0.039, 0.041, 0.009, respectively). The prevalence of chamber enlarge-

ments was not significantly different between the two groups. 

Conclusion: Cardiovascular dysfunction is worse during VOC when compared with steady state. Physicians should 

look for these dysfunctions in SCA children with VOC to reduce mortality from the disease. 
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INTRODUCTION
Sickle cell anaemia (SCA) is a chronic illness most prev-

alent in sub-Saharan Africa.1 About 3.4 million Nigerians 

are reported to have sickle cell anaemia, and a prevalence 

rate of 1% was reported in children.2 Notwithstanding the 

efforts to reduce the disease’s prevalence and mortal-

ity,1,3 SCA remains a significant cause of morbidity and 

mortality in sub-Saharan Africa, Southeast Asia and In-

dia.4,5 

 

 

The pathophysiologic mechanism in SCA involves recur-

rent vaso-occlusion by sickled, poorly pliable red blood 

cells (RBC), recurrent haemolysis and shortened RBC 

life span, vascular endothelial changes, and depletion of 

intravascular nitric oxide, among others.6,7 These patho-

physiologic aberrations affect all vascular beds and result 

in long-term complications in all organ systems. Recent 

studies of the cardiovascular system in SCA have sug-

gested hyperdynamic and superimposed restrictive phys-

iology.8–10 The roles of increased oxidative stress have 

also been described.11 
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Cardiovascular complications have been widely reported 

in SCA patients in steady-state. These include chamber 

dilatations and hypertrophy, arrhythmias, myocardial is-

chaemia, electrocardiographic (ECG) abnormalities, di-

astolic dysfunction and pulmonary hypertension.12–16 

Blood pressure in SCA patients in a steady-state is usu-

ally lower than in haemoglobin AA phenotype.17,18 Tran-

sient blood pressure increase may, however, occur during 

a vaso-occlusive crisis (VOC), and this has been impli-

cated in the occurrence of stroke in SCA.19  

 

Most studies on cardiovascular changes in SCA have 

been conducted in patients in steady state, compared with 

apparently healthy haemoglobin AA patients. Few stud-

ies have, however, shown that these abnormalities are 

worse during VOC and may further complicate this acute 

clinical state in such patients, thus increasing the risk of 

mortality.18,20 The treatment of SCA patients in VOC of-

ten focuses on adequate hydration and pain management 

and neglects the assessment of complications in other or-

gans.21 This study set out to describe the cardiovascular 

findings during VOC in comparison with steady state. 

The null hypothesis is that there are no significant differ-

ences in the VOC and steady-state cardiovascular find-

ings. 

 

METHODS 
Study design and study population 

The study was a descriptive, cross-sectional, matched 

case-control study conducted between February and No-

vember 2017 at the Wesley Guild Hospital (WGH), a unit 

of the Obafemi Awolowo University Teaching Hospital 

Complex (OAUTHC), southwest Nigeria. The WGH is 

in Ilesa and provides tertiary health care to paediatric pa-

tients and adults. 

 

The minimum number of participants required for the 

study was calculated using the formula for determining 

proportions in a comparative study.22 A study by Bode-

Thomas et al. in Nigeria determined the proportion (p) 

for the cases and controls applicable in the sample size 

formula.23 A total of 186 children with sickle cell anae-

mia (SCA) aged between 5 and 15 years were studied. 

These included 93 children (cases) who presented with 

vaso-occlusive crisis (VOC) and 93 age and sex-matched 

controls recruited in their steady states. VOC was defined 

as the presence of an “acute episode of pain requiring 

hospital visits and treatment with an analgesic”, while 

“steady-state” was defined as “a period during which the 

patient has no acute event such as pain, fever or infection 

in the last 4 weeks and no blood transfusion in the last 3 

months”.24 The cases were recruited from the children’s 

emergency unit of WGH, while the controls were re-

cruited during their routine follow-up visits at the Paedi-

atric Haematology clinic of the WGH.  

For both study groups, children who had previously been 

diagnosed with congenital or acquired heart disease and 

those who had used medications known to produce ECG 

changes in the last 7 days before contact was excluded. 

Participants who had significant anaemia (mixed crisis) 

were excluded because significant anaemia could pro-

duce ECG changes related to ischaemia. Similarly, cases 

that presented more than 48 hours after the onset of VOC 

were also excluded since some cardiovascular and ECG 

changes of ischaemia could have begun to resolve by 

then. All the children recruited in VOC (cases) were ex-

cluded from being recruited as controls during their fol-

low-up visits.  

 

Sampling procedure and data collection 

Consecutive cases and controls who met the inclusion 

criteria were recruited. Each case was matched with a 

control of the same gender and whose age is within six 

months of the age of the case, except for three cases for 

whom we could not find a perfect match among our pa-

tients within the study period. Information about the age, 

gender, and year of diagnosis of sickle cell anaemia was 

obtained from each participant. For cases, the onset and 

duration of painful episodes and interventions given be-

fore presentation were obtained. A full cardiovascular ex-

amination of each participant was done. Each partici-

pant’s height was measured using a stadiometer to the 

nearest 0.1 centimetres. The length was measured for par-

ticipants with pain in the lower limbs who could not stand 

without support. The participant’s blood pressure was 

measured on the right arm with an Accosson mercury 

sphygmomanometer, using an appropriate cuff, after at 

least 15 minutes of bed rest. Two blood pressure readings 

were done 5 minutes apart, and the two values’ averages 

were recorded. Electrocardiography (ECG) was done 

with Biocare IE12A mobile ECG machine. ECG was 

done between 12 and 48 hours after the onset of VOC for 

cases while it was done at contact for controls. Partici-

pants rested for 15 minutes before the ECG recordings 

were made. ATA interpreted the ECG readings, while 

JAOO, a consultant paediatric cardiologist, did a second 

interpretation. The concordance between the two inter-

pretations was above 95%. The ECG recordings were an-

alysed by age groups (5 – 7, 8 – 10, 11 – 13 and 14 – 15 

year-olds) to reflect known variations in ECG parameters 

with age. Values were also compared with standard val-

ues for the study environment as described by Kolawole 

and Omokhodion.25 To exclude significant differences in 

haematocrit as a confounding factor, the haematocrit of 

each participant (cases and controls) was determined 

from a venous blood sample. The ECG recordings were 

taken before the venous blood samples were obtained. 

Blood pressure values above the 90th percentile on the 

95th percentile height value for age and sex were consid-

ered hypertensive.  
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In contrast, values below the 50th percentile on the 5th per-

centile height value for age and sex or an absolute sys-

tolic blood pressure below 50 mmHg were regarded as 

hypotensive.26 

 

Ethical considerations 

Ethical clearance for the study was obtained from the 

Ethics and Research Committee of the OAUTHC 

(ERC/2016/06/10). A signed, written informed consent 

was obtained from all the caregivers of the participants. 

An assent for participation was obtained from those 7 

years or older.  

 

Data management and statistical analysis 

Data analysis was done with the Statistical Package for 

the Social Sciences version 20.0 (IBM Corporation 

2011). Means, medians, standard deviations and inter-

quartile ranges were calculated for continuous variables, 

while proportions and percentages were calculated for 

categorical variables. Comparisons between means were 

made with Student t-test and between proportions with 

Pearson chi-square.    

 

RESULTS 
Ninety-three cases with vaso-occlusive crisis and 93 age 

and sex-matched controls in steady state were recruited. 

The mean ages (SD) of the cases and controls were 8.8 

(3.2) years and 9.0 (3.1) years (t = -1.623, p = 0.106). The 

cases consisted of 54 males and 39 females, while there 

were 51 male and 42 female controls. There was no sta-

tistically significant difference in the sex distribution be-

tween the two study groups (p = 0.657). For the cases, the 

mean duration of pain before presentation was 13.0 (5.0) 

hours. There was no significant difference in the haema-

tocrit between the two groups. The haematocrit of the 

cases ranged from 18 to 37%, while it ranged from 17 to 

36% for the controls [mean 24.3 (5.5) % versus 24.8 (4.2) 

%, t = - 0.589, p = 0.557]. There was no significant dif-

ference in the mean (SD) height of the cases, 125.0 (15.4) 

cm and the controls, 127.9 (14.9) cm, t = -1.327, p = 

0.186. The mean radial pulse rate, systolic, diastolic, and 

mean arterial blood pressures were significantly higher in 

the cases than in the controls, p = < 0.001, 0.012, < 0.001 

and < 0.001, respectively (Table 1).  

 

The mean ECG-determined heart rate (in beats per mi-

nute) gradually decreased with age in both groups. It was 

also higher in the cases than the controls in each age 

group but was significantly so only among the 5 – 7 year-

olds (t = 4.714, p < 0.001). The mean corrected QT inter-

val (QTc) was generally prolonged (≥ 0.44 seconds) in 

both cases and controls but not significantly different in 

any of the age groups. Other ECG parameters assessed 

included the mean P wave duration, PR interval, P axis, 

QRS axis, R wave voltage in Lead 5 and S wave voltage 

in Lead 1. All these parameters were not significantly dif-

ferent between the cases and the controls in all the age 

groups. Details of these are shown in Table 2. Most par-

ticipants in both study groups had normal blood pressure 

(92.5% for cases and 96.8% for controls). Four (4.3%) 

cases had hypertension, and none in the control group. 

(Table 3). 

 

As shown in Table 4, the most common ECG abnormal-

ity found in the participants was left ventricular hypertro-

phy (LVH). Among the cases, LVH was found in 45.0%, 

57.1%, 66.7% and 40.0% of the 5 – 7 year-olds, 8 – 10 

year-olds, 11 – 13 year-olds and 14 – 15 year-olds, re-

spectively. For the controls, LVH was found in 60.5%, 

63.0%, 50.0%, and 40.0% of the same age ranges, respec-

tively. 

 

Combining the different age groups, a higher proportion 

of the cases, 18 (19.6%), had heart blocks (first and sec-

ond degree) compared to 7 (7.5%) of the controls (x2 = 

5.592, p = 0.018). Similarly, the prevalence of prolonged 

QTc, ST elevation or depression and T wave abnormality 

was significantly higher in the cases than in the controls. 

However, the proportion with bundle branch blocks was 

not significantly different between the cases and the con-

trols (x2 = 0.274, p = 0.601). Details of these findings are 

displayed in Table 5. 

 

 

 

Table 1 Comparison of the heart rate and blood pressure parameters between the cases and controls 
Heart rate and blood pressure parameters   Children with VOC (93)   

Mean (SD)   

Children in steady state (93)   

Mean (SD)   

t-test   p-value   

a.  Heart rate (bpm)   104.8 (21.5)   94.4 (14.5)   3.854   <0.001   

b.  Systolic Blood Pressure (mmHg)   98.4 (10.6)   94.7 (9.0)   2.552   0.012   

c.  Diastolic Blood Pressure (mmHg)   60.0 (9.1)   54.9 (8.8)   3.933   <0.001   

d.  Mean Arterial Pressure (mmHg)   72.8 (9.15)   68.2 (7.57)   3.790   <0.001   

bpm:- beats per minute;   mmHg:- millimetres of mercury.  
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Table 2a Comparison of age-dependent mean electrocardiographic indices of cases and controls 
ECG indices 5 – 7 year olds 8 – 10  year olds 

VOC 

N = 40 

Steady-state 

N = 38 

t-test p-

value 

VOC 

N = 28 

Steady-state 

N = 27 

t-test p-value 

Heart rate (bpm)   110.6 (15.3) 95.9 (9.9) 4.714 0.000 93.6(8.5) 89.7 (14.0) 1.097 0.278 

P-wave duration (sec)   0.07 (0.01) 0.08 (0.01) -0.697 0.488 0.08 (0.01) 0.07 (0.01) 2.167 0.053 

PR interval (sec)   0.13 (0.02) 0.14 (0.02) -1.159 0.250 0.15 (0.03) 0.14 (0.02) 1.914 0.061 

QT interval (sec)   0.33 (0.03) 0.35 (0.02) -2.891 0.136 0.38 (0.03) 0.36 (0.03) 1.023 0.311 

QTc interval (sec)   0.45 (0.02) 0.44 (0.02) 0.663 0.509 0.46 (0.03) 0.44 (0.02) 2.736 0.080 

P axis (o)   48.9 (24.3) 33.0 (24.2) 2.847 0.054 39.4 (23.6) 31.9 (22.3) 1.133 0.262 

QRS axis (o)   47.5 (15.8) 50.4 (13.8) -0.849 0.399 43.7 (28.0) 45.7 (24.7) -0.275 0.784 

T axis (o)   39.8 (16.1) 46.3 (15.2) -1.810 0.074 39.1 (17.3) 39.3 (18.1) -0.044 0.965 

RV5 voltage (mV)   1.42 (0.50) 1.61 (0.50) -1.714 0.091 2.78 (0.62) 2.83 (0.91) -0.202 0.841 

SV1 voltage (mV)   1.18 (0.65) 1.28 (0.62) -0.680 0.498 1.06 (0.47) 1.01 (0.46) 0.364 0.717 

RV5 + SV1 voltage (mV)   3.67 (1.03) 3.99 (0.91) -1.384 0.170 3.85 (0.77) 3.84(1.04) 0.004 0.997 

Values in parentheses represent percentages along each column. 

 

Table 2b Comparison of age-dependent mean electrocardiographic indices of cases and controls 
ECG indices 11 – 13 year olds 14 - 15 year olds 

VOC 

N = 15 

Steady-state 

N = 17 

t-test p-

value 

VOC 

N = 10 

Steady-state 

N = 11 

t-test p value 

Heart rate (bpm)   93.1 (26.2) 87.8 (12.8) 0.766 0.449 84.2 (14.6) 81.4 (7.60) 0.539 0.597 

P-wave duration (sec)   0.09 (0.02) 0.08 (0.01) 1.181 0.246 0.08 (0.02) 0.08 (0.01) 0.554 0.587 

PR interval (sec)   0.15 (0.03) 0.16 (0.02) -1.297 0.204 0.15 (0.02) 0.16 (0.02) -0.673 0.510 

QT interval (sec)   0.36 (0.04) 0.37 (0.02) -0.073 0.943 0.38 (0.03) 0.37 (0.03) 0.510 0.616 

QTc interval (sec)   0.45 (0.02) 0.44 (0.02) 0.654 0.518 0.45 (0.03) 0.44 (0.03) 1.383 0.184 

P axis (o)   41.5 (20.9) 42.9 (18.1) -0.208 0.837 48.8 (19.1) 45.7 (21.0) 0.345 0.734 

QRS axis (o)   40.9 (11.5) 31.8 (25.5) 1.274 0.212 51.7 (11.5) 45.7 (23.0) 0.736 0.471 

T axis (o)   30.1 (13.5) 32.4 (15.9) -0.416 0.680 34.6 (17.3) 35.0 (40.3) -0.029 0.977 

RV5 voltage (mV)   2.85 (0.84) 2.65 (1.00) 0.602 0.551 3.08 (0.79) 2.94 (0.81) 0.374 0.713 

SV1 voltage (mV)   1.61 (0.70) 1.56 (0.39) 2.341 0.626 1.11 (0.42) 1.05 (0.45) 0.335 0.741 

RV5 + SV1 voltage 

(mV)   

4.46 (1.19) 3.81 (1.09) 1.629 0.113 4.20 (0.96) 4.00 (0.91) 0.475 0.640 

Values in parentheses represent percentages along each column. 
 

Table 3 Prevalence of blood pressure abnormalities among the participants.  
Blood Pressure  Children with VOC (93)  

N (%)  

Children in steady state (93)  

 N (%)   

x2  p-value   

a. Normal  86 (92.5)  90 (96.8)       

b. Hypertensive   4 (4.3)  0 (0.0)  5.636*  0.060  

c. Hypotensive 3 (3.2) 3 (3.2)   

Total 93 (100) 93 (100)   

*:- analysed with chi-square with likelihood ratio 

 

Table 4a Age-related prevalence of chamber and conduction abnormalities between the two groups 

 

ECG abnormality 

 

5 – 7 year-old 8 – 10 year-old 

VOC N = 40 Steady-state N=38 p-value VOC N = 28 Steady-state  N=27 p-value 

LVH 18 (45.0) 23 (60.5) 0.170 16 (57.1) 17 (63.0) 0.660 

RVH 3 (7.5) 3 (7.9) 0.719# 4 (14.3) 2 (7.4) 0.149# 

BVH 2 (5.0) 2 (5.3) 0.645# 3 (10.7) 2 (7.4) 0.966# 

RAE 3 (7.5) 0 (0.0) 0.257# 0 (0.0) 1 (3.7) 0.985# 

LAE 2(5.0) 0 (0.0) 0.497# 2 (7.1) 0 (0.0) 0.488# 

Axis deviation       

Absent 40 (100.0) 38 (100.0) - 24 (85.7) 24 (88.9) 0.723* 

LAD 0 (0.0) 0 (0.0)  4 (14.3) 3 (11.1)  

Heart blocks       

Absent 36 (90.0) 36 (94.7) 0.428* 18 (64.3) 25 (92.6) 0.027* 

First degree 4 (10.0) 2 (5.3)  7 (25.0) 1 (3.7)  

Second degree 0 (0.0) 0 (0.0)  3 (10.7) 1 (3.7)  

Bundle branch blocks       

Absent 35 (87.5) 35 (92.1) 0.500* 26 (92.9) 25 (92.6) 0.970* 

RBBB  5 (12.5) 3 (7.9)  2 (7.1) 2 (7.4)  

LBBB 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  
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Table 4b Age-related prevalence of chamber and conduction abnormalities between the two groups 
ECG abnormality 

 

  

11 – 13 year-old 14 – 15 year-old 

VOCN = 15  Steady-state 

N = 18 

p-value VOC 

N = 10 

Steady-state 

N = 10 

p-value 

LVH 10 (66.7) 9 (50.0) 0.335^ 4 (40.0) 4 (40.0) 1.000^ 

RVH 1 (6.7) 0 (0.0) 0.204# 0 (0.0) 0 (0.0) - 

BVH 1 (6.7) 0 (0.0) 0.204# 0 (0.0) 0 (0.0) - 

RAE 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) - 

LAE 0 (0.0) 1 (5.6) 0.266# 0 (0.0) 0 (0.0) - 

Axis deviation       

Absent 15 (100.0) 16 (88.9) 0.112* 10 (100.0) 9 (90.0) 0.230* 

LAD 0 (0.0) 2 (11.1)  0 (0.0) 1 (10.0)  

Heart blocks       

Absent 13 (86.7) 16 (88.9) 0.846* 8 (80.0) 9 (90.0) 0.528* 

First degree 2 (13.3) 2 (11.1)  2 (20.0) 1 (10.0)  

Second degree 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

Bundle branch blocks       

Absent 14 (93.3) 16 (88.9) 0.536* 9 (90.0) 10 (100.0) 0.230* 

RBBB 1 (6.7) 1 (5.6)  1 (10.0) 0 (0.0)  

LBBB 0 (0.0) 1 (5.6)  0 (0.0) 0 (0.0)  

Values in parentheses are percentages along columns. 

*:  analysed with Likelihood ratio #: analysed with Yates continuity correction  
^: analysed with Pearson chi-squared test.   

BVH: Biventricular hypertrophy; LAD: left axis deviation; LAE: left atrial enlargement;  LBBB: Left bundle branch block; LVH: Left ventricular 

hypertrophy; RAE: Right atrial enlargement; RBBB: Right bundle branch block; RVH: Right ventricular hypertrophy  

 

Table 5 Comparison of the presence of prevalence of heart blocks, ST, and T-wave abnormalities between the two 

groups 
ECG indices VOC 

N = 93 

Steady-state  

N = 93 

x2 P value 

Heart block     

     Present 18 (19.4) 7 (7.5) 5.592 0.018 

     Absent 75 (80.6) 86 (92.5)   

Bundle branch block     

     Present  9 (9.7) 7 (7.5) 0.274 0.601 

     Absent 84 (90.3) 86 (92.5)   

Corrected QT interval (QTc)     

Not prolonged (≤ 0.44 seconds) 44 (47.3) 58 (62.4) 4.255 0.039 

Prolonged (> 0.44 seconds) 49 (52.7) 35 (37.6)   

ST elevation or depression     

Absent 64 (68.8) 76 (81.7) 4.159 0.041 

Present 29 (31.2) 17 (18.3)   

T wave abnormality     

Absent 64 (68.8) 79 (84.9) 6.806 0.009 

Present 29 (31.2) 14 (15.1)   

 

DISCUSSION 
The study has demonstrated that some cardiovascular 

changes accompany vaso-occlusive crisis (VOC) in chil-

dren with sickle cell anaemia. The mean heart rate in this 

study was significantly higher in VOC, which agrees 

with some reports.12,18 The pain, fever, stress hormones 

(adrenaline, thyroxine), myocardial ischaemia, and in 

young children, anxiety that accompanies vaso-occlusive 

crisis could all work in tandem to increase the heart rate.27  

 

This may be a compensatory mechanism to increase ox-

ygen supply to important tissues because of the ischaemia 

that occurs during VOC. Previous reports have docu-

mented lower blood pressures in patients with SCA com-

pared to non-SCA patients.17,19,28  

 

Factors responsible for this include renal salt wasting, re-

duced sensitivity to nitric oxide and autonomic dysfunc-

tion.17,29,30 However, during VOC, the blood pressure of 

SCA patients may increase. Elevated blood pressure dur-

ing VOC increases the risk of stroke, myocardial ischae-

mia and pulmonary hypertension, although this has not 

been widely reported in children.19,31 Although there was 

no significant difference in the blood pressure distribu-

tion between the steady state children and those with 

VOC in this study, four children with VOC had elevated 

blood pressure as against none in the control group. A 

previous report showed an increased risk for stroke with 

systolic but not diastolic hypertension.31  
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This gives further clinical relevance to this study’s sig-

nificantly higher mean systolic, diastolic and mean arte-

rial pressures in VOC. None of the participants in this 

study had a stroke. However, it is important to monitor 

the blood pressure in the routine care of children with 

SCA and, more importantly, during VOC to prevent these 

acute sinister complications.  

 

There were no statistically significant differences in the 

mean ECG indices assessed in the participants (PR inter-

val, P wave duration, QT interval, QTc interval and P, 

QRS and T axes). Notwithstanding, the higher mean QTc 

in VOC in this study is of clinical significance, and sim-

ilar findings were recently reported by Anah et al.32 Pro-

longed QTc interval had been reported in children with 

SCA both in steady state and during VOC when com-

pared with haemoglobin AA.12,33 This prolongation is as-

sociated with a higher risk of cardiac arrhythmias and 

sudden death.13,34 The higher mean QTc value in this 

study suggests a further increased risk during VOC, 

which clinicians must be aware of and should guide ther-

apy, especially with medications that could further pro-

long the QTc interval.  

 

Similar to previous reports in children and adults with 

SCA,12,15,33 left ventricular hypertrophy (LVH) was the 

most common chamber enlargement identified on ECG 

in this study. No significant difference between the two 

groups was found in the prevalence of LVH and other 

chamber enlargements. This may reflect the chronic na-

ture of these changes, which occur over time both in cri-

sis and in steady-state as compensation for the chronic 

haemolytic state and increased wall stress in SCA, culmi-

nating in hyperdynamic and restrictive physiol-

ogy.8,10,16,35 Wide variations exist in the prevalence of 

chamber hypertrophy from different studies, possibly due 

to variations in other clinical and laboratory parameters 

that have been shown to influence these changes (steady 

state haematocrit, sleep and awake oxygen concentra-

tions, use of hydroxyurea.)36–38 which were not all as-

sessed or reported by the various studies. 

 

Abnormalities in the cardiac conduction system were sig-

nificantly present during VOC than in steady- state in this 

study. Similarly, ECG features suggestive of myocardial 

ischaemia were significantly more prevalent during 

VOC. These include ST elevations and depression, and 

T-wave changes. Subclinical ischaemia has been shown 

to occur in SCA even in steady state,33,39-40, and this is 

thought to result from factors that include abnormal vas-

culature, vasospasm and increased adherence of sickled 

red blood cells to the vascular endothelium.35 These fac-

tors likely worsen during VOC, culminating in increased 

ischaemia.  

Findings from studies by Adeniyi et al. 41 and Nlemadim 

et al. 20 showed that evidence of myocardial ischaemia is 

significantly higher during VOC than in-steady state. 

Wagdy et al. also reported biochemical evidence of my-

ocardial ischaemia (cardiac troponin I) and fibrosis (ga-

lectin-3) in patients with VOC.40 This worse ischaemia 

during VOC could affect the myocardial conducting sys-

tem and present as heart and bundle branch blocks, as re-

flected in the higher though not significant presence of 

bundle branch blocks and significantly higher prevalence 

of heart blocks during VOC in this study. These factors 

could further contribute to mortality in SCA patients with 

VOC. 

 

The study has some limitations. Echocardiography and 

cardiac enzymes would have given more information 

about the cardiac function in both study groups. A fol-

low-up assessment of the cases after recovery from the 

acute VOC could also have further demonstrated the link 

between the crisis state and cardiovascular changes. 

However, the study’s control group with similar baseline 

characteristics has partly made up for this. 

 

CONCLUSION 
This study has shown that VOC in SCA are characterised 

by deeper pathophysiologic changes in cardiovascular 

function and structure beyond the acute painful episodes. 

Although cardiovascular abnormalities like hypotension 

or hypertension, ECG features of myocardial ischaemia 

(prolonged QTc, ST-T changes) and cardiac conduction 

abnormalities (heart blocks) are seen in SCA even in 

steady-state, they are worse during VOC, and these might 

increase the risk of arrhythmias and sudden death. We 

advocate that physicians be wary of these changes and be 

on the lookout for them to reduce the risk of mortality 

during VOC.  
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