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Background: Rheumatic heart disease (RHD) is an important public health problem in Sudan.
Methods: Clinical and echocardiographic findings from an RHD registry in Khartoum (January 2005–March 2018)
are described. Operated and un-operated children were prospectively followed. The quality of life (QOL) for
children who had surgery was evaluated using pediatric QOL cardiac module.
Results: A total of 818 children (51% males) were included, patients were clustered in White Nile and
Kordofan area. RHD was found in 78% and acute rheumatic fever (ARF) in 22% of cases. RHD was severe
in 65% and the most common lesion was combined mitral and aortic regurgitation (AR) in 36.5%. Followup of 107 un-operated children for a mean of 2 years revealed major complications in 38% including a
mortality of 14%. Severe valve dysfunction tended to remain unchanged. There were 3 deaths in children
with severe valve lesions immediately following benzathine penicillin injections. Only 19% of patients
underwent surgery with an average post-operative mortality of 10.5% in the last 8 years. Of those, only
34 were reached for follow-up (23%), all were in New York Heart Association (NYHA) class 1, however
adverse outcomes were observed including noncompliance with benzathine penicillin and warfarin (51% and
29% respectively) and more than mild valve dysfunction in 35%. All children who had valve surgery have a
good QOL scores. In the last 3 years, the outpatient visits, admissions and mortality rates decreased by 20%,
48% and 22% respectively.
Conclusions: RHD is clustered in certain areas and presents with severe valve lesions with a high
mortality for un-operated patients. Operative mortality improved over the last years but the follow-up rates
are poor and adverse outcomes are common. There is an apparent trend of decline in the number of patients
with RHD seen at referral hospitals.
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Introduction

Statistical methods

Rheumatic heart disease (RHD) is heart valve inflammation
and scarring triggered by infection with group A
streptococci (GAS) (1). Worldwide, it is estimated that 15
to 20 million people have RHD of whom about 2.4 million
are children between the ages of 5 and 14 years (2). RHD
has been largely neglected although it is estimated to cause
deaths up to 250,000 per year mostly in young people (3).
In Sudan, RHD is an important public health problem
with an echocardiographic (echo) prevalence of up to
61 per 1,000 (4). A control program was established in
2012 based on primary & secondary prevention, increasing
public awareness, advocacy, and surveillance (5). A hospital
register was established aiming to monitor RHD-related
health outcomes towards the achievement of the Sudan
RHD control program objectives of 25% reduction in the
prevalence of RHD by the year 2025.
Data on RHD patients’ outcomes are deficient worldwide,
particularly in Africa. The RMEDY study looked at 3,343
adults and children, mostly from Africa, and revealed that the
majority had moderate to severe multivalve disease (6). A study
from South Africa reported a 60-day hospital mortality for un
operated patients of 24% and early operative mortality of 2% (7).
In this report, we reviewed the demographic, clinical
and echo patterns and trends in hospital visits as well as the
outcomes of operated and un-operated children with RHD.
We also investigated the quality of life (QOL) of children
after valve surgery, to our knowledge; this has not been
previously reported.

The data was first described in detailed flow chart diagram
in different levels according to the time flow. Each level
described in number and percentage. The data was
summarized in bar charts, trends, percentages and ratios.
In addition, inferential statistics was conducted for some
related variables. Paired chi square test was run to assess
outcome for some variables at two different point’s time
with statistical significance set as P value 0.05.

Methods
This is a combined retrospective and prospective cohort
study. First phase through reviewing of the data of RHD
patients, including surgical and mortality reports of the
hospitals’ statistics departments, of two referral hospitals,
Jafar Ibn Ouf Children’s Hospital and Sudan Heart Center,
Khartoum, Sudan from January 2005 to March 2018. Patients
with clinical and echo evidence of RHD were included
and demographic, clinical and echo data were registered.
In the second phase data was obtained prospectively from
outpatient and inpatient records. Children who did not
attend for follow-up were contacted by telephone and invited
to attend. The QOL scores for children/adolescents who had
valve surgery were evaluated using Pediatric Quality of Life
(PedQOL) module (8).
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Definitions
 Compliance with benzathine penicillin G (BPG):
regular use of BPG every 3 weeks without missing a
single dose;
 BPG related complications: occurrence of adverse
reactions within few minutes of administration of the
injection;
 Degree of valve dysfunction: defined by the criteria of
the American Society of Echocardiography (9) as mild,
moderate and severe;
 Early surgical mortality: death due to cardiac
complications within 1 month of surgery;
 Late surgical mortality: death due to cardiac
complications 1 month or more after surgery;
 BPG administration methods: BPG was administered
according to the protocol of Sudan Guidelines for
rheumatic fever and RHD management (10).
Ethical considerations
The study protocol conforms to 1975 Declaration of
Helsinki guidelines. Approval to conduct the study was
obtained from the two hospitals. For the prospective part,
Ethics Committee approval was obtained from the Sudan
Medical Specialization Counsel. Patients/families who were
contacted by telephone were asked to give an informed
written consent.
Results
In the study period, 1,188 children were registered, the
first 370 patients were reviewed and a report was published
in 2014 (11). In this report we reviewed children up to
18 years of age (n=818). The patients’ flow chart is shown
on Figure 1.
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Children included in the study
N=818

Surgery =155/818 (19%)

No surgery =663/818 (81%)

Early death 24/155 (15%)
Late death 8/131 (6%)

Survivors 123/155 (79%)
89/123 (72%)
Lost to follow-up

Follow-up =107/663 (16%)

Follow-up =34/123 (28%)

1–5 years

Follow-up

2–10 years

All [34] NHYA class 1 &
in sinus rhythm
Major complications:
38/107 (36%) (Figure 2)

Death
15/107 (14%)

72/107 (67%) remained
with valve lesions

One valve
23 (68%)

Other
complications:
23/92 (25%)

Two valves
11 (32%)

Adverse outcomes
(Figure 3)

Figure 1 Flow chart showing the patients course.

the highest incidence is observed in children aged 10 to 15
(46%). White Nile and Kordofan areas have the highest rate
of RHD (5.3 and 4.7 cases/100,000 population) compared
with <3.6/10,000 in other areas.

17.5

14.0

10.5
%

7.0

3.5

0.0

Death

Severe heart fatilure Endocarditis

Atrial fibrillation

Stroke

Figure 2 Complications (%) seen in 38 out of 107 un-operated

Clinical features
The New York Heart Association (NYHA) class was
I–II in 57% and it was III–IV in 43% of patients. In 78% of
patients, there was established RHD, acute rheumatic fever
(ARF) was present in 22% of cases. Compliance with BPG
was found in 45% of patients.

patients.

Benzathine penicillin-related complications
Demographic features
Males were 51%. The age ranged from 3 to 18 years and
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There were no reports of serious adverse effects related to
BPG from 2005 to November 2017 (about 300 thousand
injections). In the period November 2017–January 2018;
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Echocardiographic features

200

The most common valve lesions were combined MR and
aortic regurgitation (AR) in 36.5% followed by isolated MR
in 31.9%, 3 valves were affected in 15.1% and 2 patients
had all 4 valves affected (Table 1). RHD was severe in 65%
of patients. Of the patients with severe form of RHD and
known residence, 22.4% were from Kordofan, and 19%
from Darfur areas. Pulmonary hypertension was present in
22% of patients and a low ejection fraction in 6%.

150

Inpatient
Outpatine

100

Hospital mortality
ARF

50
0
2010

2012

2014

2016

2018

Figure 3 Outpatient visits, admissions and mortality due to RHD
in the years 2012–2017 and admissions due to acute rheumatic
fever in 2012–2015 at Jafar Ibn Ouf Children’s Hospital. RHD,
rheumatic heart disease.

Table 1 Valve lesions seen in 803 patients with RHD
Valve lesion/s

No. of cases

Percentage

MR

297

37.0

MR/AR

293

36.5

Three valves

122

15.2

MR/MS

37

4.6

AR

22

2.7

MS

18

2.2

AR/MS

6

0.7

AR/TR

6

0.7

All 4 valves

2

0.2

803

100

Total

RHD, rheumatic heart disease; MR, mitral regurgitation; AR, aortic
regurgitation; MS, mitral stenosis; TR, tricuspid regurgitation.

3 cases of BPG-related hospital deaths occurred. All the
patients were girls, 6, 7 and 8 years old, one is a new case
and 2 are known cases of RHD on regular BPG. All cases
had severe mitral regurgitation (MR) and were admitted
with severe heart failure which was controlled and BPG
was planned to be administered on the day of discharge.
Investigations of these events revealed that the injections
were given intramuscularly by trained nurses under
physician’s supervision and all patients collapsed within
few minutes of injection and did not respond to proper
resuscitation. Non of them showed signs of allergy.
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Follow-up of un-operated patients
Only 107 out of 663 patients (16%) showed for follow-up.
The follow-up period was 1–2 years for 48% of patients,
2–3 years for 30% and more than 3 years for 22% of
patients, mean duration was 2 years. Major complications
occurred in 38 patients (36%), including the death of 15
patients (14%) as shown in (Figure 2). Most of the patients
who died (87%) were females from Kordofan (46%) and
Darfur (26%) areas. In most patients with MR (57%) the
echo severity remained the same, the subgroup with severe
MR showed more tendency to remain the same (34%). Out
of all MR, 12% showed echo deterioration and 33% showed
improvement. In the subclinical category, 3.8% showed
deterioration of MR. Chi-square test showed no significant
differences between MR at diagnosis and at follow (P value
was 0.061>0.05) (Figure 4).
For AR, there was a tendency for improvement in the
degree in all categories (mild, moderate and severe) but not
reaching statistical significance (P value was 0.40>0.05).
Pulmonary hypertension was found in 29% of patients
on presentation and a similar percentage on follow-up.
Interventional procedures
Interventional procedures were performed in 167 pediatric
patients (20%). Surgery was done in 155 (19%) and included
mitral valve repair in 40%, and replacement in 18%. Combined
mitral and aortic surgery was done in 21% of patients. Balloon
mitral commissurotomy (transcatheter dilatation of the mitral
valve) was performed in 12 patients (7%).
Follow-up of children who had surgery
From 2005 to 2015, 155 children (5–18 years of age) had
valve surgery. There were 24 (15%) hospital and 8 (5%)
late deaths, reoperation rate was 17%. All the 123 survivors
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QOL of children who had surgery

were contacted by telephone, 73 patients could not be
reached (59%) and 16 could not afford to attend, therefore
only 34 (28%) were included in the analysis. Patients were
followed for 2–10 years with a mean of 7 years after the
surgery. Most patients (92%) reside outside Khartoum.
Twenty-three patients (68%) had one valve and 11 (32%)
had 2 valves operated on. All 34 patients were in NYHA
class I and in sinus rhythm. Adverse outcomes encountered
are depicted in (Figure 5). The hospital mortality decreased
from 20% (2005–2008) to 10.5% in the last 8 years.

Four domains were tested including patients’ suffering of
health and activities, others and schooling. There was no
significant affection of the QOL as the mean for all answers
was 1–1.79 which is corresponding to “Never” according to
the Likert scale as shown in Table 2. The consistency of data
was calculated as 0.9 (Cronbach’s alpha score) (12,13).
Trends in hospital visits, admissions, and mortality
In the period 2012–2017, there were 325 patients with
RHD admitted to Jafaar Ibn Ouf Children’s Hospital, of
these 42 patients died in the hospital (13%). In the last
3 years, the outpatient visits rates decreased from 225 to
180 (20%), admissions from 88 to 45 (48%) and mortality
from 9 to 7 cases per year (22%). Admissions due to ARF
decreased from 19 [2012] to 9 [2015] while admissions due
to RHD increased in the same period (Figure 3).

MR. follow
Same
Worse
Better

40

Count

30

Discussion

20

RHD in Sudan is clustered in certain areas; Kordofan and
White Nile bear the maximum burden. This is also apparent
in the higher rate of patients with severe disease and higher
mortality in these areas. Similar patterns were documented
by echo screening studies that showed an echo prevalence
of 0.3 per 1,000 in Khartoum compared with 19 per 1,000
in Darfur and up to 61/1,000 in Kordofan (4,14). Clustering
of RHD in certain geo-ethnic groups within the same
country has been observed in Australia and New Zealand’s
endogenous populations as well as in South Africa where
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Figure 4 The follow-up of patients with subclinical, mild,
moderate and sever MR. MR, mitral regurgitation.
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Figure 5 Adverse outcomes after valve surgery in 34 children.
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Table 2 QOL assessment of patients who had valve surgery (n=34)
Scale

N

Weighted
mean

St.
deviation

Result

Suffering with your
health and activities

34

1.22

0.432

Never

Your feelings

34

1.18

0.349

Never

Relationship with
others

34

1.19

0.383

Never

Problems at school

34

1.52

0.572

Never

QOL, quality of life.

it was attributed to variation in socioeconomic conditions
as well as poor accessibility to health services (15-17).
Understanding these variations in RHD epidemiology is
important for planning of RHD control programs that need
to be directed to endemic areas. The majority of patients
have established RHD and the frequency of ARF was low, a
finding that has been consistently observed in other regions
of the world (18). This is also reflected on the hospital
admission patterns between 2012–2017 which showed an
inverse relationship between ARF and RHD incidence.
The patterns of valve affection seen in this cohort are
similar to that reported by us in 2014, however, in the
current study, severe RHD is present in 65% of patients
compared to 83% in 2014 (11). This may be attributed
to the increasing awareness of physicians leading to the
earlier referral of cases particularly after echo screening and
training campaigns that were conducted in highly endemic
areas.
Follow-up data was obtained in only 16% of un-operated
patients; living far from cardiac services coupled with
poor socioeconomic conditions are the most important
factors contributing to this finding. In addition, most of
the patients who were reached were followed-up for only
1–2 years and this raises concerns about the fate of the other
patients. Considering the 2-year mortality rate of 16%, by
10 years, 80% of these patients might not be alive.
Few studies looked at the outcomes of un-operated
patients in Africa. When compared with the REMEDY
study which included older patients (median age 28 years),
our patients have a similar frequency of severe disease
indicating a more aggressive nature in our younger
population while other complications like atrial fibrillation,
stroke, and endocarditis were all far less than that in the
REMDY (6). For similar reasons, the 2-year mortality in a
study that included adults and children in South Africa, was
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significantly higher than our patients (25% vs. 16%) (7).
In a sharp contrast, in developed countries where wellorganized control programs are available such as Australia,
severe RHD was found in only 16% of patients (19).
Deaths that occurred immediately following BPG
injections were clustered in a short period raising
possibilities of drug-quality related issues. Similar events of
deaths had been reported (20) and a notion that BPG can
lead to arrhythmias in patients with severe heart disease
has been clearly made (21). Our patients received about
300,000 injections over 12 years with only 3 such cases,
representing 1/100,000 injections. As there were no signs of
anaphylaxis, or a response to adrenalin, these deaths might
be due to arrhythmias. This poses challenges to RHD
control programs as patients with severe valve lesions will
be considered to have a high-risk for BPG complications.
The value of giving BPG to patients who already have
2 or more severely affected valves is questionable and
the risk may outweigh the benefits in such patients. This
emphasizes the need to develop an alternative to the current
long acting penicillin formulation in order to prevent such
complications.
Surgery was performed in only 19% of pediatric patients
and this highlights the deficiency of surgical resources. In
addition to the limited slots, the cost of surgery (4–8,000
US dollars) is not affordable by these families. Followup rates are poor due to remoteness and this has also been
observed by other authors who found similarly low followup rates in Mozambique (22). Our surgical mortality is
higher than that of South Africa where cardiac surgery is
better established. Many factors contribute to this; most
importantly the late presentation, long waiting time due
to limited surgical slots (especially in the early years of this
study) and multiple-valve affection. Noncompliance with
warfarin and BPG as has been documented in this cohort, is
likely to increase the late mortality and morbidity (7).
However, those who survived surgery were all in NYHA
1 indicating a much better outcome than un-operated
patients. Although most of them do not have heart failure,
adverse outcomes were frequent and echo revealed more
than mild valve dysfunction in a third of patients indicating
a guarded longer-term outcome. Patients who had valve
replacement were commonly not compliant with warfarin
and international normalization ratio testing, largely because
of the difficulties of accessing medical services. These
difficulties in managing post-operative patients emphasize
the importance of primary and secondary prevention and the
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need for decentralization of advanced cardiac services.
The QOL scores showed a good outcome for postoperative patients, this finding needs to be taken with
caution. It has been shown that children and adolescents
with chronic cardiac conditions do have a worse QOL
compared with their normal peers (23). The response
of patients and families to the QOL questionnaire may
reflect Sudanese families’ traditions that consider it socially
unacceptable to admit having an emotional or psychological
compromise. Therefore, the impact of RHD on QOL
needs to be reassessed considering this limitation.
The RHD control program was initiated in 2012,
in the following 2 years; a sudden rise in hospital visits
and admissions was documented followed by a steady
decline in the last 3 years. We believe that it is too early
to consider this a true decline in RHD burden; however,
it is a positive trend that could be attributed to increasing
awareness of health workers. Further studies are needed to
evaluate the true trends in the incidence of RHD in high
burden areas.
Conclusions
RHD is clustered in certain areas and presents with severe
valve lesions but there is a trend of decreasing severity
compared to 2014. Follow-up rates are poor and showed a
2-year mortality of 14% for un-operated patients. Deaths
occur following BPG and need to be further investigated.
Surgery is done for a limited number of children, operative
mortality improved over the last years. Follow-up rates
are poor and adverse outcomes are common. There is an
apparent trend of decline in the number of patients with
RHD seen at referral hospitals.
Limitations
The small numbers of patients who responded to phone
calls or could afford to come limited the total numbers
available for analysis of outcomes.
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