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ABSTRACT

Background Dilated cardiomyopathy (DCM) is a disease
of the heart muscle that affects ventricular function; it is a
debilitating disease that can lead to heart failure and death
in children. There is a lack of good epidemiological data
about paediatric DCM in Sudan or in sub-Saharan Africa.
Objective To study the incidence, causes and outcome
of DCM among children in Sudan.

Methods A prospective cross-sectional study that was
conducted in three paediatric hospitals in Khartoum state,
Sudan over the period of 6 months.

Results During the study period, 55 children were

seen with the diagnosis of DCM; The female: male ratio
was 1.9:1. The incidence of DCM in Khartoum state was
found to be 1.4 cases per 100000 children per year, 10
children (18 %) were diagnosed in the first year of their
life. Twenty-seven children (49 %) showed evidence of
failure to thrive, being below the fifth percentile for weight.
The most common cause of DCM was found to be postviral
in 27 children (49%), followed by Idiopathic in 25 children
(45%). The most common presentation was the shortness
of breath in 53 children (97%), on echocardiography 26
children (47 %) showed evidence of severe left ventricular
impairment and 23 children (42%) showed moderate
ventricular impairment. Regarding the outcome, 8 children
(15%) recovered, the condition of 11 children (20%)
remained static and there were 36 deaths (65%).
Conclusion The incidence of DCM in Sudanese children
was found to high with a higher mortality compared with
middle-income and high-income countries; Improvement
in the entire health system is needed to tackle this
condition.

INTRODUCTION

Dilated cardiomyopathy (DCM) is a rare but
debilitating disease of the heart that can lead
to heart failure in both children and adults;
DCM is a leading indication for cardiac trans-
plantation in children and adults.'

DCM is characterised by ventricular
chamber enlargement and systolic dysfunc-
tion. Diagnosis is usually made by two-
dimensional echocardiography. DCM leads
to progressive heart failure and a decline in
left ventricular contractile function; compli-
cations include ventricular and supraven-
tricular arrhythmias, conduction system
abnormalities, thromboembolism and heart
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What is known about the subject?

» The majority of the data about paediatric dilated car-
diomyopathy (DCM) came from high-income coun-
tries; this research attempts to provide insight about
the incidence, prevalence, causes and the outcome
of paediatric DCM in Khartoum state, Sudan.

What this study adds

» The incidence of paediatric DCM in Sudan is higher
than that of high-income countries, the disease has
a high morbidity and mortality, presents with severe
symptoms and severely impaired ventricular func-
tion. This research will increase the awareness of
this debilitating and fatal condition in low-income
countries.

failure-related death. For children with DCM,
the prognosis is generally considered as poor;
approximately 40% of children undergo
cardiac transplantation or die within 5 years
of being diagnosed with DCM.*

The prognosis of paediatric DCM depends
on their age at presentation and heart failure
status.

Older age, more advanced heart failure
symptoms and signs and worse ventric-
ular function are associated with worse
outcomes.'” Idiopathic DCM diagnosed after
6years of age has an incidence of death or
transplantation that is three to four times
that of children diagnosed before the age of
6 years.! Familial DCM account for 30%-35%
of the cases of DCM.”°

There is no reliable epidemiological data
from Africa about Paediatric DCM,7 as such
there is no epidemiological data about paedi-
atric DCM in Sudan or the clinical course of
the disease.

Objective

To study the incidence, causes and outcome
of DCM among children in Khartoum state,
Sudan.
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MATERIAL AND METHODS
Patient and public involvement

Patients were not involved in the design, recruitment
and conduct of the study

Study design

This is prospective cross-sectional multicentre-based
study; The study was conducted in Ahmed Gasim Paedi-
atric hospital, Omdurman Paediatric hospital and Gaffar
Ibn Ouf Paediatric hospital. These three hospitals are the
largest and busiest children hospitals in Khartoum state
and the country. The three hospitals cover all the cardiac
referrals from Khartoum state and receive tertiary referral
from the rest of country. Khartoum state has three cities,
Khartoum, Omdurman and Khartoum North, Gaffar Ibn
Ouf hospital is in Khartoum, Ahmed Gasim is in Khar-
toum North and Omdurman hospital is in Omdurman.
The paediatric cardiac services are very limited outside
of Khartoum state so the majority of the cardiac cases
come to Khartoum state. The study was conducted over a
6-month period from December 2018 to May 2019.

Study population and sample size

Inclusion criteria: All of the children up to the age of 18
years with DCM who were either admitted or seen in the
outpatient clinics during the study period in any of the
three hospitals were included in the study.

Exclusion criteria: Children with DCM and any other
known cardiac diagnosis were excluded from the study
such as congenital heart disease, rheumatic heart disease.
All of the children who presented with DCM were
included rather than taking a sample from them as we
expected that the number would be few.

Children were labelled to have DCM if they have symp-
toms of unexplained heart failure and echocardiography
shows the characteristics features of ventricular chamber
enlargement and systolic dysfunction with normal left
ventricle (LV) wall thickness.'®

For the study, fractional shortening (FS) was used to
assess ventricular function, FS is calculated using the
following equation: FS=LVIDd — LVIDs/LVIDd x100%.

Where, LVIDd=LV internal diameter at end diastole
and LVIDs=LV internal diameter at end systole.8 Ventric-
ular dysfunction was characterised as severe (FS less than
14%), moderate (FS 15%—-19%) and mild (FS 20%-24%).

Aetiology of DCM was characterised mainly based on
family history and clinical diagnosis as advanced investi-
gations for DCM such as genetic testing, metabolic and
advanced virology studies are not available in Sudan.

Data collection
The data were collected from hospital files and personal
interviews with the parents using a pretested question-
naire and a check list.

The questionnaire included demographic data such
as age, residence, consanguinity and clinical data such
as presentation, investigations, final diagnosis, treatment

and outcome. Anthropometric measurements were refer-
enced using WHO percentile growth charts.

A written consent was taken from all of the parents, it
was made very clear to the parents that participation is
voluntary and that they could withdraw from the study
at any stage without affecting the management of their
children. The study questionnaires were coded to protect
the patients’ confidentiality and privacy.

RESULTS

This study included 55 children with the diagnosis of
DCM, there were 36 females (65%) and 19 males (35%),
with a female: male ratio of 1.9:1. Thirty two of the chil-
dren (58%) were residents in Khartoum state and 23
(42%) were from other states. Twenty-eight children
were newly diagnosed with DCM while 27 were known to
have DCM and on regular follow-up.

From the 32 children from Khartoum state, 18 were
newly diagnosed cases of DCM. The population of chil-
dren in Khartoum state is 2523980," this gives a prev-
alence of 1.3 cases per 100000 children, an incidence
of 0.7 cases per 100000 children over 6 months and an
incidence of 1.4 cases per 100000 children per year in
Khartoum state.

The age of the children ranged from 2months to 17
years; the mean age was 7.5+5.4 years; the age at diagnosis
ranged from 1 month to 17 years; mean age of diagnosis
was 7.0£5.5 years.

The mean duration of follow-up after diagnosis for the
27 children who were known to have DCM was 1.2+1.2
years; The most common age group at diagnosis was
10-18 years old with 19 children (35%), only 10 children
(18%) were diagnosed less than 1year of age (figure 1).

The most common presentation was the shortness of
breath in 53 children (97%) followed by cough and irri-
tability in 50 children (91%) (table 1).

The children presented with a severe spectrum of the
disease with 42 children (76%) in Ross functional class 4
and 13 children (24%) in Ross functional class 3."' There
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Figure 1 Age frequency distribution.

2 Elshazali OH, Abdalla E. BMJ Paediatrics Open 2021;5:6000970. doi:10.1136/bmjpo-2020-000970



Table 1 Clinical presentation (n=55)

Frequency Per cent

Shortness of 53 97
breaths

Presenting Cough 50 91

zi);mngtoms and | itability 50 91
Palpitations 27 49
Pallor 19 35
Oedema 12 22
Chest pain 11 20
Orthopnoea 11 20
Sweating 8 15
Syncope 1 2

were 27 children (49%) with severe growth retardation
with their weight below the fifth percentile.

Echocardiography showed 26 children (47%) to have
severe ventricular dysfunction, 23 children (42%) to have
moderate ventricular dysfunction and six children (11%)
to have mild ventricular dysfunction.

The study found that 27 children (49%) were diag-
nosed with post viral DCM, 25 children (45%) were diag-
nosed with idiopathic DCM and 3 children (6%) were
diagnosed with familial DCM. For the three children
with a family history of DCM, all of them had a death of
at least one of their siblings in the first 1-2years of life
due to DCM. We have investigated all of the parents and
siblings of the three children using echocardiography
and found that only one of the sibling was found to have
DCM.

This study reported that all of the children received
furosemide and the majority had also received aspirin,
captopril, carvedilol and spironolactone (table 2). Three
children were admitted to the ICU and had received
inotropic and ventilator support; all three of them died.

There were 36 deaths (65 %), 8 (15%) children recov-
ered and 11 (20%) children continued to have residual
disease (table 3). There was no difference in mortality
according to the aetiology.

Table 2 Drug treatment (n=55)

Frequency Per cent

Furosemide 55 100
Medication Aspirin 54 99
Captopril 53 97
Spironolactone 50 91
Carvedilol 50 91
L-carnitine 29 53
Dopamine 3 6
Digoxin 1 2

DISCUSSION

The study identified 55 children with DCM in the three
hospitals during the study period, during the same
period, there were 5534 paediatric admissions and outpa-
tient reviews.

A large scale national study from Finland'® showed
the incidence of Paediatric DCM to be 0.34 cases per
100000 children per year and a prevalence of 2.6 cases
per 100000 children. Two large scale studies from the
Paediatric Cardiomyopathy Registry in USA reported the
incidence of Paediatric DCM to be 0.57 cases per 100000
per year.”® Another large study from the USA* showed an
incidence of 0.58 cases per 100000 per year. In all of these
studies the incidence was higher in males compared with
females, in blacks compared with whites and in infants
compared with older children.

Our study showed that the incidence of DCM in
Sudanese children is high when compared with other
countries. We believe that the figures we have for the
incidence and prevalence rate are approximates and are
underestimates of the true figure as not all the children
with DCM in Khartoum state would have been able to
make it to the tertiary hospitals due to misdiagnosis at
the primary or secondary level, never the less the figure
provided that is theorised to be underestimate is still rela-
tively high compared with the figures reported from the
high-income countries.

The prevalence in our study is equal to the incidence
over lyear, this could be explained by the high mortality
and poor survival, the mortality rate in the study was high
at 65% and the mean follow-up period of children known
to have DCM was relatively short at 1.2 years indicating
poor survival.

In the study, the female to male ratio was 1.9:1, large-
scale studies from the USA*® showed that DCM was more
common in males, however, two different studies from
Saudi Arabia showed DCM to be more common in females
with a female to male ratio of 1.8:1 in both studies."*"* This
difference in prevalence of DCM according to gender in
different populations could be related to the prevalence
of some sex-linked recessive diseases in the population
like Duchene and Becker Muscular dystrophy.'”

The most common age of presentation of DCM in the
study was more than 10 years old with 19 children (35%)
and only 10 (18%) children were diagnosed within the
first year of life (figure 1), this is in contrast to studies
from other parts of the world which showed that the
majority of children presented during the first year of
age6 1315, a later age of presentation was one of the factors
that is associated with a worse prognosis.*®? !

In Khartoum state, the rate of severe growth retarda-
tion in children is 6.6%17; in our study, twenty seven chil-
dren (49%) had severe growth retardation, this finding
indicates that DCM in Sudanese children is associated
with failure to thrive (p=0.01). Previous studies have
shown that growth impairment in children with DCM was
associated with heart failure and more than double the
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Table 3 The relationship between age at diagnosis and the outcome (n=55)

Frequency Outcome

Age at diagnosis in years Improved Static Death

<1 10 3 (30%) 4 (40%) 3 (80%)
(18%)

1to<5 15 3 (20%) 0 (0%) 12 (80%)
(27%)

5to <10 11 2 (18%) 3 (27%) 6 (55%)
(20%)

10-18 19 0 (0%) 4 (21%) 15 (79%)
(35%)

Total 55 8 (15%) 11 (20%) 36 (65%)

risk of death compared with DCM children with normal
weight.'® ¥

In the study, 53 children (97%) presented with symp-
toms of heart failure (table 1), this figure is much
higher than the figure of 70%-74% reported by studies
from other parts of the world.® * '® All of the children
presented with severe symptoms with 42 children (76 %)
in Ross class 4 and the rest in Ross class 3. Likewise, echo-
cardiography showed the majority of children to have
moderate to severe left ventricular impairment.

Regarding the aetiology of DCM, the most common
causes was post viral in 27 children (49%) and idiopathic
in 25 children (45%). In the USA, the most common
cause of DCM was idiopathic in 66%, followed by post-
viral in 16%.°

In Sudan, we do not have most of the investigations to
determine the cause of DCM such as genetic, advanced
metabolic and viral studies; the majority of the parents
cannot afford the cost of sending such investigations
abroad. The diagnosis of postviral DCM in the study was
mainly clinical with no supporting virology studies in the
majority of cases; The lack of diagnostic investigations is
one of the main challenges of management of DCM in
the low resources’ setting.

In high-income countries, familial DCM is known to be
the cause of DCM in 20%-35%.

In the study, only three children (6%) had a family
history of DCM, with a sibling death in all the three fami-
lies. it is our belief that the figure of 6% is an underes-
timate as we do not have the facility for genetic testing
in Sudan; in addition, a proportion of cardiomyopathy
cases will be misdiagnosed and labelled as another diag-
nosis such as pneumonia or asthma and this would be
missed in the family history.

In the study, 36 children (65%) died. A large study
from that USA showed that freedom from death or trans-
plantation was 69% at lyear, 61% at 2 years, 54% at 5
years and 46% at 10 years.® A study from Turkey found
the mortality to be 5%,'° a Saudi study reported that the
survival rate over 3years was 78% "> and in Colombia, the
mortality rate was 29.4%.%’ Compared with the published

literature, it is clear that the mortality in the Sudanese
population is relatively high.

Similar to many other low income countries Sudan has
a scarce availability of Paediatric intensive care services
and no heart transplantation programme; both of these
factors contribute to mortality. Children with the severe
form of DCM needs intensive and specialised care, in
Khartoum state there are only 20 Paediatric ICU beds,
children population in Khartoum is 2523980."

Limitations
This is a hospital-based study so the children seen will
tend to have a severe illness; in order to balance this, we
had included children with DCM whom were seen in the
outpatients’ clinics, they tend to have a milder form of
the disease. It would have been ideal if the duration of
the study was for 1year, however, for practical reasons,
only 6 months were possible.

In Sudan, we do not have the facility of genetic testing
as well as advanced viral studies hence the diagnosis of
viral cardiomyopathy was mainly a clinical diagnosis.

CONCLUSION

The study showed that the incidence of DCM is rela-
tively high in comparison to the middle-income and
high-income countries. The mortality rate is also high
as compared with paediatric DCM patients in middle-
income and high-income countries. Improvement in the
health system as a whole is needed to tackle this condi-
tion, through developing the capacity for appropriate
clinical services at primary, secondary and tertiary levels.
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