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The objective of the current study was to assess the current status of the congenital heart disease
(CHD) Management Pathway (MP) in the same public hospital in Kenya, following an assessment
conducted sixteen years ago that found all phases of the MP to be inadequate. Over the course of one
year, patients under 12 years of age with congenital heart disease (CHD) were consecutively recruited
from the general pediatric wards at Kenyatta National Hospital (KNH) in Nairobi. All recruited patients
required intervention, either through surgery or cardiac catheterization, and were subsequently
followed up for one-year post-recruitment. Data collected encompassed the age at which CHD was first
suspected, age at diagnosis, age at intervention, and the outcome at the one-year follow-up. Out of the
initial 49 patients recruited, 47 were successfully contacted via mobile phone at the one-year mark post-
recruitment. The mean ages at which congenital heart disease (CHD) was first suspected and
diagnosed were 35.3 weeks (SD +/- 91.1) and 43.4 weeks (SD +/- 97) respectively, with the mean age at
intervention being 47.5 weeks (SD +/- 51). Thirty-five percent of all patients underwent surgery, and 96%
were successfully followed up. It is possible that over the last 16 years, there has been an improvement
in at least two phases of the Management Pathway (MP). However, the proportion of patients receiving
surgery has remained unchanged, suggesting a need for future resource allocation to this phase.
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INTRODUCTION

This study examined the current status of the
Management Pathway (MP) at the same public hospital
where it was previously assessed 16 years ago, with
regards to the management of congenital heart disease
(CHD). Congenital heart disease (CHD) is characterized
by congenital malformations of the heart and/or great
vessels, with a global prevalence of 10 per 1000 live
births (Liu et al., 2019). Twenty-five percent of patients

are diagnosed with ‘critical' congenital heart disease
(CCHD), necessitating intervention (surgery/cardiac
catheterization) within the first year of life for survival
(Glidewell et al., 2015; Samanek et al., 1992). Patients
with haemodynamically significant non-critical CHD who
do not receive timely intervention often progress to
'inoperability’ (Gan et al., 2014). The age at diagnosis is a
critical factor in the MP of CHD, which consists of three
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Table 1. Evidence based standards of care (Park, 2014).
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Lesion

Treatment

Age by which treatment
should be delivered

Simple transposition of great arteries (TGA)

Obstructed Total anomalous pulmonary venous drainage (TAPVD)

Hypoplastic left heart syndrome

Correctable shunt lesions with pulmonary over circulation and pulmonary hypertension
Single ventricle lesions with pulmonary over-circulation and pulmonary hypertension

Cyanotic neonates/infants (arterial oxygen saturation <75%)

TGA with Ventricular septal defect and pulmonary valve stenosis
Cyanosed neonates/infants correctable lesions with; arterial oxygen saturation >75%; no or mild

pulmonary hypertension
Single ventricle with normal pulmonary tree

Single ventricle with normal pulmonary tree

Simple coarctation of the aorta
Aortic valve stenosis

Small Shunt lesion with normal sized heart and normal pulmonary artery pressure

Arterial switch operation (ASO)

Repair

Norwood procedure

Repair

Central

Repair

Bi-directional Glenn shunt

Fontan connection

Repair
Repair

Pulmonary artery banding

shunt
Blalock-Taussig shunt (MBTS)

ASO OR REV procedure

Surgery not indicated

1-3 weeks of age
1-4 weeks of age
1-4 weeks of age
By 3 months of age
By 3 months of age

(CS) or modified 1week to 5 months of age

By 6 months of age
By 6 months of age

By 4-8 months of age

At 18 months to 4 years of
age

At 2 to 4 years of age

At 10 years of age

Not applicable

REV=Reparation a I'Etage Ventriculaire.

phases: diagnosis, treatment, and follow-up,
serving as a pragmatic approach to healthcare
delivery for CHD patients (Awori et al., 2007).
Since the inception of cardiac surgery, ongoing
research has provided evidence-based standards
for optimal care (OC) of CHD patients, as
summarized by Park (2014). OC entails delivering
all three phases of the MP in accordance with
these evidence-based standards. Sixteen years
ago, Awori et al. (2007) identified significant
deficiencies in all phases of the MP at a public
hospital in a low-middle-income country (LMIC).
Considering changes in Kenya's economic status
(Fleming, 2022; World Bank, 2023) and
government structure (Kimenyi, 2013) over the
past 13 vyears, these alterations may have
impacted the MP, prompting the need for
reassessment 16 years ago. Table 1 shows the

evidence-based standards of care (Park, 2014).

MATERIALS AND METHODS

A prospective cohort study conducted between April 9,
2021, and April 5, 2022, recruited patients less than 12
years of age with congenital heart disease (CHD) from the
general pediatric wards at Kenyatta National Hospital
(KNH), Nairobi. CHD diagnosis was confirmed via
echocardiogram by a pediatric cardiologist at KNH.
Patients were to be followed up for one year. Exclusion
criteria  included parental refusal to consent or
inaccessibility by mobile phone. Follow-up involved
contacting parents/guardians one-year post-recruitment for
additional data, focusing on the age at which CHD was
suspected and confirmed, age at intervention, and follow-
up status. Diagnosis ideally occurred on or before the first
day of life, adhering to evidence-based standards (Park,
2014).

Patients were classified as "followed-up" if they had a

pending pediatric cardiology outpatient (PCOPC)
appointment at the time of the follow-up call. Follow-up was
deemed complete if patients received appropriately
scheduled PCOPC appointments, attended each
appointment, and had a pending PCOPC appointment at
the one-year follow-up call. PCOPC appointments were
considered "appropriately given" if scheduled at discharge
and after each subsequent visit. Complete follow-up also
included patients who passed away before attending a
PCOPC appointment. Patients were labeled as "lost-to-
follow-up" if their parent/guardian couldn't be reached one
year post-recruitment or didn't have a pending PCOPC visit
during the one-year follow-up call. The Chi-square test was
employed to compare current findings with those from 16
years ago (Awori et al., 2007).

RESULTS

Out of a total of 49 patients recruited, only 2
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Table 2. Types of CHD.

Lesion No. (%)
Complete atrioventricular canal defect 9(18.40)
Patent ductus arteriosus 6(12.20)
Ventricular septal defect 6(12.20)
Tetralogy of Fallot 6(12.20)
Double outlet right ventricle 4(8.20)
Coarctation of the aorta 3(6.10)
Transposition of great arteries 3(6.10)
Atrial septal defect 2(4.10)
Tricuspid atresia 2(4.10)
Truncus arteriosus 1(2.00)
Aorto-pulmonary window 1(2.00)
Absent right pulmonary artery 1(2.00)
Double inlet left ventricle 1(2.00)
Pulmonary stenosis 1(2.00)
Pulmonary atresia with intact ventricular septum 1(2.00)
Total anomalous pulmonary venous connection 1(2.00)
Hypoplastic left heart syndrome 1(2.00)
TOTAL 49(99.6)

Table 3. MP performance.

Parameter

Value

Age CHD suspected (mean)

Age CHD confirmed (mean)

Healthcare facility where CHD confirmed
Locality where CHD confirmed

Intervention status

Age at intervention (mean)

Number of patients who died before intervention
Kenya Healthcare facility where intention took place
Locality where surgery took place

Types of surgery

Operative mortality

Patients being followed-up

Status of patients at 1-year follow-up phone call.

35.3(SD+/-91.1) weeks

43.4(SD+/- 97) weeks

Public: 84%; private:16%

Nairobi: 86%; other: 14%

Had intervention: 34%, did not have: 66%
47.5(SD +/- 51) weeks

23 (49%)

Public: 100%; private: 0%

Abroad: 13%; Kenya: 87%

Corrective: 60%; palliative: 40%
Corrective surgery: 33%; palliative surgery: 50%
94%

Alive: 30%, dead: 70%

patients could not be reached during the 1-year follow-up
phone call. Data was complete for 47 patients (95.6%).
The types of congenital heart disease (CHD) and
performance metrics of the Management Pathway (MP)
are presented in Tables 2 and 3 respectively. The median
ages when CHD was first suspected and diagnosed were
9 weeks (IQR 25) and 13 weeks (IQR 24) respectively,
with a median age at intervention of 25.5 weeks (IQR
54.5). Among the patients who received intervention, 15
out of 16 (94%) underwent surgery, while one patient
underwent balloon valvotomy. None of the patients were
diagnosed or received intervention in accordance with the

evidence-based protocol (Park, 2014), indicating a lack of
optimal care (OC) in the study cohort.

A follow-up rate of 96% was achieved, with none of the
patients receiving OC. Among the 14 patients still alive at
the 1-year mark post-recruitment, 10 (71%) had complete
follow-up. The suspicion and confirmation of CHD
occurred primarily at a public health facility. Notably, only
35% of patients underwent surgery, with a concerning
operative mortality rate of 39% among those operated on
in Kenya (margin of error +/-27%; 95% Confidence
Interval). Alarmingly, over 70% of all patients had passed
away by the 1-year mark post-recruitment, with 49%



deaths occurring before any intervention could be
administered.

DISCUSSION

The mean ages at which congenital heart disease (CHD)
was first suspected and diagnosed were 35.3 and 43.4
weeks respectively, with the mean age at intervention
being 47.5 weeks; these figures represent approximately
half of what they were 16 years ago (Awori et al., 2007).
The proportion of patients diagnosed at Kenyatta
National Hospital (KNH) was significantly lower (76 vs.
94%) compared to 16 years ago (Awori et al., 2007).
Furthermore, 96% of patients were followed up, a
significant improvement from the 46% follow-up rate
recorded 16 years ago (Awori et al.,, 2007). These
findings suggest a notable improvement in at least two
phases of the Management Pathway (MP), indicating the
potential for patients with critical CHD to now receive
timely intervention.

However, despite evidence of improvement in the MP,
none of the patients experienced optimal care (OC), and
the proportion of patients receiving surgery did not
significantly differ from what it was 16 years ago (35 vs.
50%). Studies conducted in Pakistan and Laos examining
two aspects of the MP (diagnosis and treatment)
revealed that no patients received care in accordance
with evidence-based protocols (Hwang et al., 2017;
Mostafa et al., 2021). Conversely, a study from India
demonstrated that the same two phases of the MP could
be delivered in accordance with evidence-based
protocols (Reddy et al., 2015). These collective findings
from Asia suggest that while challenges persist in
delivering the CHD MP according to evidence-based
protocols, it is achievable even in resource-limited
environments (Reddy et al., 2015).

Timely diagnosis/intervention and robust follow-up are
essential features of an optimal Congenital Heart Disease
Management Pathway (CHD MP). The Gross Domestic
Product (GDP) per capita serves as an indicator of a
country's wealth, and generally, healthcare quality
improves as both GDP per capita and healthcare
spending increase (Our World in Data, 2023). Kenya's
GDP per Capita, adjusted by purchasing power parity
rates, rose from USD 2,481 in 2007 to USD 5,764 in
2022 (World Bank, 2023), which likely contributed to the
enhancement of the MP's quality. Additionally, as a
country becomes wealthier, the number of urban centers
increases, leading to skilled personnel migrating to and
settling in these areas, potentially improving the MP's
quality. The reduction in the proportion of patients
diagnosed at Kenyatta National Hospital (KNH) could be
a manifestation of this trend.

Furthermore, Kenya's adoption of a decentralized
system of government in 2010 facilitates better resource
utilization across the country, which could also contribute
to the MP's improvement (Kimenyi, 2013). Despite the
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achievement of good surgical results in Low- and Middle-
Income Countries (LMICs), the operative mortality of
patients operated on in Kenya remains high, possibly
around 12%, which is double what it should be. This
might be due to the low surgical load at KNH and delayed
surgeries, leading to patients presenting with greater
morbidity at the time of surgery.

There's on-going concern regarding the cost justification
of CHD surgery in LMICs, with arguments favoring public
health measures over expensive surgeries. However, the
Disability Adjusted Life Year (DALY) was developed to
facilitate rational cost-benefit analyses in healthcare
spending, revealing that pediatric cardiac surgery (PCS)
is as cost-effective as some common public health
measures (Grimes et al.,, 2014). Some even propose
listing PCS as an essential pediatric surgical procedure
(Saxton et al., 2016). The introduction of the DALY is
significant as it enables LMIC governments to justify
resource allocation toward developing PCS services.

The study has some limitations: the sample size is
small and may not be representative of the true spectrum
of congenital heart disease (CHD) encountered in Kenya.
This potential bias could result in an over-representation
of more complex forms of CHD, potentially leading to an
increased mortality rate during follow-up. Additionally,
due to the one-year follow-up period, the quality of long-
term follow-up remains unknown. Nonetheless, these
limitations have not significantly impacted the ability to
detect improvements in the Management Pathway (MP)
or identify areas in need of improvement.

Conclusion

We observed that at least two phases of the Management
Pathway (MP) may have improved over the past 16
years. Specifically, the age at diagnosis has been halved,
suggesting that children with Critical Congenital Heart
Disease (CCHD) may now receive intervention. The
follow-up phase has also seen improvement, with a
significant increase in the proportion of patients being
followed up. However, despite these improvements,
approximately half of the patients die before receiving
surgery, and for those who do undergo surgery, the
operative mortality remains higher than expected. Based
on Disability Adjusted Life Years (DALYs) averted by
Pediatric Cardiac Surgery (PCS), Low- and Middle-
Income Countries (LMICs) are justified in allocating funds
to improve the CHD MP, with a priority on the treatment
phase (especially surgery).
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