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Impact of sickle cell anaemia on cardiac chamber size in the
paediatric population
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Abstract: Purpose: Sickle cell disease is known to cause various degrees of vasculopathy, including impact on
heart function. The aims of this single-centre, retrospective study were to assess cardiac chamber size and function
and the relationship with haematological indices such as haemoglobin, aspartate aminotransferase, reticulocytosis
and bilirubin, lactate dehydrogenase in sickle cell disease. Mezhods: Right ventricle and left ventricle diastolic
diameters, left ventricle mass estimate, left ventricle shortening fraction, myocardial performance index, and an
index of myocardial relaxation (E/E’) were calculated and correlated with haematological parameters. Results: A
total of 110 patients (65% haemoglobin SS, 29% haemoglobin SC) were studied at a mean age of 12.14 +5.26
years. Right ventricle dilatation and left ventricle dilatation were present in 61.5 and 42.9%, respectively. Left
ventricle mass was abnormal in 21.9%; all patients had normal myocardial performance index, 31.4% had
abnormal E/E’, and left ventricle shortening fraction was low in 38.1%. Cardiac dilatation was best correlated
with haemoglobin, aspartate aminotransferase, reticulocytosis and bilirubin. Best subset regression analysis
yielded significant additional prediction for right ventricle or left ventricle dilatation with haemoglobin,
bilirubin, and lactate dehydrogenase. Abnormal E/E’ was solely predictable with haemoglobin level.
Hydroxyurea-treated patients had improved diastolic function. Conclusion: Right ventricle dilatation was more
prevalent than left ventricle dilatation. The long-term consequences of right ventricular dilatation, clinical
consequences, and association with pulmonary vasculopathy need to be further determined.
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INCE THE FIRST DOCUMENTED CASE OF SICKLE CELL India, and the Mediterranean region. Although

disease in 1910 by Dr James B. Herrick," sickle

cell disease was found to be an autosomal
recessive disorder caused by B-globin gene mutation,
and one of the most common genetic disorders
worldwide. Sickle cell anaemia and the sickle gene
are prevalent mostly in Africa but also in North
America as well as in the Caribbean, Latin America,
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haemoglobin SS homozygosity represents the most
frequent genetic cause for sickle cell disease,
compound heterozygosity for haemoglobin S and
haemoglobin C, p-thalassaemia, and other rare
variants also lead to sickle cell disease phenotypes of
various severity.’

The sickle haemoglobin has the unique property to
polymerise within red blood cells, causing their
deformation and increased fragility, which leads to
haemolysis and acute and chronic organ damage.”’
Vaso-occlusive crises, the most common acute events
in patients with sickle cell disease, are the result of
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small vessel blockage by deformed red blood cells as
well as increased reticulocyte adhesiveness to the
endothelium.? Vaso-occlusion may cause acute chest
syndrome when the vasculature of the lungs is
involved. Patients may also suffer from strokes as a
resulc of cerebral vasculopathy. Severe anaemia
increases cardiac output and stroke volume, thus
altering preload and afterload. Sickle cell disease also
impacts cardiac function,” leading to dilated cardiac
cavities with septal hypertrophy and preserved
contractility.” In addition, sickle cell disease patients
are at increased risk for myocardial infarctions when
the coronary circulation is involved.

According to these risks, patients with sickle cell
disease should be monitored from the cardiovascular
perspective. In particular, those with recurrent acute
chest syndrome and vaso-occlusive crises mi%ht be at
increased risk for myocardial infarction.” Other
factors such as electrocardiogram anomalies and
abnormal tissue Doppler parameters on echocardio-
graphy were separately studied from single haemato-
logical factors such as haemoglobin level, reticulocyte
count, or myocardial iron deposition.”

In this study, we sought to correlate haemato-
logical indices reflecting the severity of sickle cell
disease — haemoglobin, aspartate aminotransferase,
reticulocytosis, bilirubin, and lactate dehydrogenase
— with echocardiography parameters in a series of
children with varying severity of sickle cell disease.
The aim of this study was to describe the extent
of myocardial anomalies and to determine the
haematological indices that would mostly impact
cardiac function in these patients.

Methods

This retrospective chart review of sickle cell disease
children followed-up at Centre Hospitalier et
Universitaire Ste-Justine was approved by the insti-
tutional review board. According to our institutional
policy, all patients with sickle cell disease undergo
systematic echocardiography follow-up. We included
sickle cell disease patients who were free of vascular
crises for at least 6 months before the echocardio-
graphy study and had not been transfused in the
preceding 3 months. All included subjects may have
at least one digitally stored echocardiograph
performed between 2005 and 2011. All studies were
performed remotely from any eventual vaso-occlusive
Crisis.

Echocardiography studies were reviewed and
measured by a single experienced echocardiographer
blinded to the clinical status and biological data of
the study subjects. The following measurements were
evaluated: diastolic left ventricle diameter, diastolic
right ventricle diameter, and left ventricle mass.

These parameters were calculated on M mode from
the parasternal long-axis of the left ventricle, with the
cursor at the tip of the mitral valve and perpendicular
to the interventricular septum. Cardiac chamber
Z-scores were calculated on the basis of published
regression equations.” The left ventricular myocardial
performance index was calculated from mitral and
aortic pulsed Doppler acquired sequentially. Left
ventricle free wall E/E’ ratio — ratio of mitral
early velocity to early diastolic mitral annulus velo-
city — which is an indicator for ventricular filling
pressure — was calculated from the tissue Doppler
recorded at the lateral part of the mitral annulus. To
compensate for age-related growth and variation, the
left ventricle, right ventricle, left ventricle mass,
and left ventricle shortening fraction were normalised
according to published Z-score equations.”’
Myocardial performance index'' and E/E'? were
categorised as normal or abnormal according to
known limits for children. Cardiac parameters were
correlated with haematological factors: Hb < Sth
percentile per gender and age, lactate dehy-
drogenase > 400 IU/L, aspartate aminotransferase
>30IU/L, total bilirubin> 18 mM/L, reticulocyte
count > 120 X 10”/L, and microcytosis defined as
mean corpuscular volume <80fl. The effect of
hydroxyurea therapy — for more than 1 year — was
assessed in comparison with those who were not on
such therapy.

Statistical analyses

Continuous data are expressed as mean + SD, and cate-
gorical data are expressed as percentages. The Student’s
t-test was introduced to compare continuous data in case
of a normal distribution; otherwise, it was substituted
by the Mann—Whitney U-test, a non-parametric test.
Analysis of variance was used for multi-group
comparison of continuous data. The receiver operator
characteristics analysis was performed, and the area
under the curve was determined to correlate the
incidence of cardiac chamber dilatation (Z-score > 2.0)
as well as other abnormal echocardiography findings
with various haematological parameters. Subsequently,
multinomial regression analyses were performed for
best subset correlation between cardiac outcome and
haematological parameters. A p value of <0.05 was
considered to be statistically significant.

Results

From a total of 112 patients on whom echocardio-
grams were performed and digitally stored, two were
excluded because of incomplete data. The final cohort
of 110 patients were 12.141+5.26 vyears old
(13.6% <5 years, 25.4% 5-12 years, and 61% >12
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years) at the time of inclusion — 65% homozygotes for
haemoglobin SS, 29% compound heterozygotes for
haemoglobin SC, and 5% compound heterozygotes
for haemoglobin S/B-thalassaemia. The haemoglobin
level was 84.37£15.88 for haemoglobin S,
110.90 £ 13.26 for haemoglobin SC (p < 0.001), and
93.8£25.06 for haemoglobin S/B-thalassaemia
(n=06). Gender distribution was 51.8% male and
48.2% female. The basic characteristic distribution
based on haemoglobin phenotype is summarised in
Table 1. From a therapeutic perspective, 23 patients
had been on hydroxyurea therapy for at least
12 months at the time of the echocardiogram,
including 21 (91.3%) of them with the haemoglobin
SS genotype.

Right ventricular dilatation was predominantly
present (61.5%) compared with left ventricular
dilatation (42.9%) (p =0.01), irrespective of haemo-
globin SS or haemoglobin SC genotype (Table 2).
Nevertheless, haemoglobin SS was more often asso-
ciated with a combined right ventricular dilatation
and left ventricular dilatation, as such an association
was recorded in 38.9% of patients with haemoglobin
SS compared with 12.5% of those with haemoglobin
SC (p=0.007). There was no statistically significant
correlation between left ventricle diastolic dysfunc-
tion (high E/E’) and right ventricle dilatation status,
neither in haemoglobin SS (Fisher’s exact test:
p=0.594) nor in haemoglobin SC (Fisher’s exact
test: p =1.000) subgroups.

Multinomial regression analyses demonstrated a
significant  correlation between low  haemo-
globinaemia (p=0.002) and high bilirubinemia
(p=0.005), on the one hand, and right ventricle
dilatation, whereas high lactate dehydrogenase and
high reticulocyte count yielded a trend association
with right ventricular dilatation without reaching
statistical significance (p=0.067 and 0.076, respec-
tively). The remaining haematological parameters
including microcytosis and high aspartate amino-
transferase yielded no significant association with
right ventricular dilatation (p=0.208 and 0.131).
According to the receiver operator characteristics
analysis, biventricular dilatation highly correlated
with low haemoglobin (area under the curve
0.732 £ 0.048; p<0.001), as well as high bilirubin
levels (area under the curve 0.713*0.005;
p <0.001). Detailed area under the curve values in
accordance with right ventricular or left ventricular
dilatation are displayed in Figure 1.

From the myocardial function perspective, all
patients had a normal myocardial performance index,
whereas 31.4% had an altered diastolic compliance
(high E/E’). Although there was an apparent trend
towards a higher proportion of dysfunctions in
haemoglobin SS, the observation did not reach
statistical significance compared with haemoglobin
SC (Table 3). Left ventricular systolic function,
measured shortening fraction on M-mode imaging,
was low (Z-score < -2.0) in 38.1% (Table 3), with no

Table 1. Subject distribution and characteristics based on haemoglobinopathy.

Hb phenotype HbSS HbSC Hb-f-thal p Value* p Value**
Opverall distribution cohort 72 (65%) 32 (29%) 6 (5%)
Gender (female/male) (%) 55.6%144.4% 33.3%/66.7% 40%/60% 0.099 0.380
Age at inclusion (years) 11.6£5.6 13.2+£4.1 13.1£5.6 0.540 0.098
Weight (kg) 40.4+20.4 51.1 £20.0 46.5+17.9 0.055 0.038
Height (cm) 141.1 £29.2 153.5+25.5 155.2+29.5 0.050 0.014
BSA (m?) 1.24£0.44 1.46£0.38 1.42+0.43 0.053 0.012
B-thal = p-thalassaemia; BSA = body surface area; Hb = haemoglobin
*Comparison between all three Hb phenotypes: HbSS, HbSC and Hb-f-thal
**Comparison between HbSS and HbSC phenotypes
Table 2. Prevalence of cardiac chamber dilatation according to haemoglobin (Hb).

HbSS and HbSC HbSS HbSC p Value* OR {95% CI}
Count 104 72 32 N/A
RV dilation 61.5%" 68.1% 46.9% 0.041 1.4 [0.97-2.17]
LV dilation 42.9% 51.4% 24.2% 0.011 2.1 [1.11-4.03]
RV or LV dilation 72.6% 80.6% 59.4% 0.030 1.4 [0.99-1.85]
RV and LV dilation 32.1% 38.9% 12.5% 0.010 3.1[1.19-8.13]

CI = confidence interval; LV = left ventricle; N/A = not applicable; OR = odds ratio; RV = right ventricle
*Comparison between HbSS and HbSC
"p=0.01 versus LV dilatation
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statistical significance based on the genotype — frac-
tional shortening Z-score of -1.18 £1.83 in hae-
moglobin SS versus -1.83+1.76 in haemoglobin
SC; p=0.089. In fact, shortening fraction of the left
ventricle was inversely proportional to the haemo-

Receiver Operator Characteristics (ROC) analysis
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Figure 1.

Summary of area under the curve (AUC) results from ROC
analysis of right ventricle (RV) and left ventricle (LV) dilatation
(Z-score < 2.0) in accordance with abnormal hematological parameters.
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Figure 2.

Left ventricle shortening fraction is velatively higher with lower
hemoglobin level. Dark circles represents HBSS, white circles
represent HLSC.
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globin level (Fig 2), suggesting a compensatory
mechanism to anaemia. In addition, a near-zero slope
suggests little effect of the degree of anaemia or the
causal relationship with the type of haemoglobin —
haemoglobin SS versus haemoglobin SC. Instead, a
high reticulocyte count and a low haemoglobin
level were significantly associated with a diastolic
myocardial dysfunction (p=0.004 and 0.006,
respectively).

According to the haemoglobin genotype, only
haemoglobin SS was associated with abnormal left
ventricular mass (Table 4), whereas 25% with haemo-
globin SS had high left ventricular mass versus 0% in
patients with haemoglobin SC (p=0.001). On the
basis of the receiver operator characteristics analysis
(Fig 3), haematological parameters yielded no sig-
nificant association with high left ventricle mass,
despite an apparent trend for high bilirubin and high
lactate dehydrogenase. The effect of hydroxyurea
therapy in haemoglobin SS patients was further
analysed. Accordingly, there was no statistical differ-
ence between treated and untreated patients in terms of
anthropometric characteristics, haemoglobin levels,
and bilirubin, lactate dehydrogenase, or aspartate
aminotransferase serum concentrations at the time of

Receiver Operator Characteristics (ROC) analysis
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Figure 3.

Summary of area under the curve (AUC) results from ROC
analysis pertaining to left ventricle mass (LVm) hypertrophy
(Z-score > 2.0) in accordance with abnormal hematological pavameters.

Table 3. Prevalence of left myocardial dysfunction as measured by left ventricle (LV) shortening fraction (SF) and E/E’ (Z-score > 2.0),
according to haemoglobin (Hb) phenotype; a higher trend for HbSS to increase the risk of LV dysfunction than HbSC was observed.

HbSS and HbSC HbSS HbSC p Value* OR [95% CI}
LV SF (Z-score) -1.36+1.84 -1.18%1.83 -1.83%+1.76 0.089 N/A
Low LV SF (Z-score < - 2.0) 38.1% 33.3% 48.5% 0.103 1.9 [0.81-4.36]
High E/E’ 31.4% 38.3% 17.4% 0.102 2.2 [0.84-5.76]

CI = confidence interval; LV = left ventricle; N/A = not applicable; OR = odds ratio

*Comparison between HbSS and HbSC
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Table 4. Prevalence of left ventricular mass abnormality according to haemoglobin (Hb) phenotype (thalassaemia trait excluded).

HbSS and HbSC HbSS HbSC p Value* OR [95% CI}
Count 104 72 32 N/A
High LV mass 17.1% 25.0% 0% 0.001 ~25.0
Low LV mass 4.8% 4.2% 6.1% 0.649 0.7 [0.12-3.92]
abN LV mass 21.9% 29.2% 6.1% 0.010 4.8 [1.19-19.3]

abN = abnormal; CI = confidence interval; LV = left ventricle; N/A = not applicable; OR = odds ratio

*Comparison between HbSS and HbSC

the study. In contrast, the mean corpuscular volume
of red blood cells was higher (89.81+11.5 versus
80.1 £8.31l; p<0.001) and the reticulocyte count was
lower (140.2 £ 86.8% 10” versus 277.4+110.1 X 10"/
L; p<0.001) in hydroxyurea-treated patients. This
translates into a higher prevalence of macrocytosis
(38.1 versus 9.8%; p=0.015) and a lower prevalence of
elevated reticulocytosis (52.4 versus 92.2%; p < 0.001)
in patients under hydroxyurea therapy. The mean
duration of hydroxyurea therapy before echocardio-
graphic assessment was 4.44 +2.75 years. From the
cardiac impact perspective, hydroxyurea therapy in
haemoglobin SS patients did not affect the right ventricle
size, the left ventricle size, or the left ventricle mass
(p=not significant). On the other hand, ventricular
diastolic function parameters were significantly different
based on hydroxyurea therapy: myocardial performance
index 0.331+0.12 (untreated) versus 0.27 =0.08
(treated), p=0.027, and E/E’ 6.99 +1.89 (untreated)
versus 5.9911.36 (treated), p=0.040. Only the
prevalence of elevated E/E’ ratio was statistically lower in
treated patients (15.8 versus 53.6%; p=0.014).
Hydroxyurea had no effect on left ventricular systolic
function, neither as a group (left ventricle shortening
fraction Z-score -1.521+1.55 versus -1.03 +1.93;
p=0.310) nor in terms of the prevalence of depressed
shortening fraction (34.8 versus 39.1%; p=0.811).

Discussion

Our study evaluated cardiac function in patients with
sickle cell anaemia. We found a significant propor-
tion of low left ventricular systolic function, without
significant difference based on haemoglobin geno-
types. We adjusted shortening fraction to subjects’
age, which yielded a new finding compared with
previous studies, "’ 14 where such an adjustment was
not performed. The reverse proportional relationship
between left ventricular systolic function and haemo-
globin level in our series suggests a compensatory
mechanism in sickle cell disease relative to the degree
of anaemia. These findings, however, do not reflect
myocardial contractility during vaso-occlusive crises

as none of our patients was in such a condition during
the study.

Myocardial performance index, which is a compo-
site index of systolic and diastolic interaction, was
normal in our series. The prevalence of left ventricular
diastolic dysfunction, as reflected by an elevated E/E’,
actually underlines a reduced ventricular compliance.
High E/E’ is in part an evidence of increased
ventricular filling, due to anaemia, and reduced dia-
stolic function. As an early marker of cardiac invol-
vement, diastolic dysfunction precedes the onset of
congestive heart failure and is frequently found in
children with sickle cell anaemia.'>'® The exact
mechanistic pathways of left ventricle diastolic
dysfunction are still uncertain. In the adult, such
dysfunction seems to be mainly due to the recurrent
myocardial damage from vascular vaso-occlusive
disease and iron overload,'” but not apparently so in
children according to a recent magnetic resonance
study.” Our findings represent early diastolic invol-
vement during childhood, and warrant longitudinal
validation to link the two observations together.

From another perspective, left ventricular diameter
and myocardial mass were increased. These findings
reflect the volume overload on the one hand and
cardiac muscular remodelling on the other in chronic
anaemia — the latter being a myocardial training with
increased cardiac output facing low haemoglobin
level. The role of chronic anaemia is demonstrated in
our series by the significant relationship between
haematological parameters of chronic anaemia and
left ventricular dilation.

Previous reports have focussed on the left ventricle,
the main systemic ventricle, underestimating the
role of the right ventricle in general, and the potential
interaction between the right ventricle and the lungs,
the lacter being affected in sickle cell anaemia patients
who suffer from acute chest syndrome. Indeed,
the degree of left ventricular dilatation is closely linked
to the degree of anaemia, as decreasing levels of
haemoglobin correlate with increased interventricular
septal thickness, dilated left ventricle, and a general
increase in ventricular mass.'"® Chronically anaemic
patients are known to compensate for a reduced oxygen
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transport to the peripheral tissues by increasing stroke
volume and heart rate, and subsequently their cardiac
output.'? To increase stroke volume without altering
left ventricular compliance and to maintain normal
filling pressure, the left ventricle increases in size.”” The
myocardial performance index, an echocardiographic
index used for assessing a combined systolic
and diastolic function of the heart, was best predicted
by the degree of anaemia, reticulocytosis, and high
lactate dehydrogenase and aspartate aminotransferase,”’
strengthening the hypothesis that severe haemolytic
anaemia triggers adaptive mechanisms in the myo-
cardium. Screening indices of severe and recurrent
haemolytic anaemia — abnormal haemoglobin, aspartate
aminotransferase, lactate dehydrogenase, reticulocytes
and bilirubin — should prompt health professionals
to adjust therapy, thus preventing avoidable cardiac
consequences. In addition, although hydroxyurea
therapy did not affect the prevalence of ventricular
dilatation or systolic function, a measurable benefit was
observed in terms of preservation of a better diastolic
function. Whether this could be attributable to the
reported effect of hydroxyurea on myocardial perfusion
improvement> remains to be defined.

Right ventricular dilatation is less often reported in
sickle cell anaemia, the causes of which remain
obscure.”” Haemolytic anaemia is thought to cause
pulmonary vasculopathy as well as pulmonary hyper-
tension through a mechanism that blocks nitric oxide
and leads to vasoconstriction.”**> A patient screening
in the Walk-PHASST cohort (Walk-Treatment of
Pulmonary Hypertension and Sickle Cell Disease
Sildenafil Therapy),26 as well as other screenings,””*®
showed a strong link between indices of haemolytic
anaemia, high N-terminal pro-brain natriuretic
peptide, abnormal walk test, and increased
Doppler echocardiographic estimates of pulmonary
artery systolic pressures. Furthermore, pulmonary
hypertension leads to right ventricular dilatation and
hypertrophy.” Although our data do not allow us to
make any assumption of this nature, further studies
assessing pulmonary artery pressure should be taken
into consideration. Future prospective studies should
also include tricuspid valve regurgitant velocity, and
N-terminal pro-brain natriuretic peptide serum levels
as they may be markers of right ventricular pressure
and strain.”>*® Advanced pulmonary hy?ertension
is well correlated to right ventricle dilation,”*”" which
was more prevalent in our series compared with left
ventricular diastolic dysfunction (high E/E’). This
suggests that the left ventricular diastolic impairment
was not the culprit for the observed right ventricular
dilatation. The predominant right ventricular findings
shed a new light from a physiopathological perspec-
tive. Determining a relation between right ventricular
dilatation and pulmonary hypertension in sickle cell

anaemia may now be narrowed down to cases with
stigmata of severe haemolytic anaemia when a right
ventricular dilatation is present.

There are limitations inherent to the retrospective
aspect of this study. Although echocardiography
measurements are typically operator dependent, they
were performed by a single experienced sonographer
blinded to the clinical and biological status of the
study subjects. In addition, right ventricular func-
tional data and estimates of the right ventricle and
pulmonary pressure could not be assessed properly. In
the light of our findings, we now plan a prospective
study in this direction. Finally, the right ventricle
dilatation we report in this cohort has not been vali-
dated with MRI, the currently accepted gold standard.

In conclusion, sickle cell anaemia, which is known
to impact the left ventricle, similar to other chronic
anaemic states, particularly affects the right ventricle.
Our study found that left ventricle dilatation may be
secondary to the degree of anaemia. Sickle cell anae-
mia, in contrast to other types of chronic anaemia,
also significantly affects the right ventricle. For these
patients, routine echocardiographic studies should be
performed as a part of continuous medical care to
identify high-risk patients who may benefit from
additional investigation and therapy, such as hydro-
xyurea. The sickling vaso-occlusive events, which
could well lead to pulmonary vascular deterioration,
warrant further investigation in this direction.
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