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Abstract

Objectives. To describe RDS in neonatal deaths at the CHAMPS-Kenya site between 2017 and 2021. Methods.
We included 165 neonatal deaths whose their Causes of death (COD) were determined by a panel of experts
using data from post-mortem conducted through minimally invasive tissue specimen testing, clinical records, and
verbal autopsy. Results. Twenty-six percent (43/165) of neonatal deaths were attributable to RDS. Most cases
occurred in low birthweight and preterm neonates. From these cases, less than half of the hospitalizations were
diagnosed with RDS before death, and essential diagnostic tests were not performed in most cases. Most cases
received suboptimal levels of supplemental oxygen, and critical interventions like surfactant replacement therapy
and mechanical ventilation were not adequately utilized when available. Conclusion. The study highlights the urgent
need for improved diagnosis and management of RDS, emphasizing the importance of increasing clinical suspicion
and enhancing training in its clinical management to reduce mortality rates.
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Introduction

'Kenya Medical Research Institute, Kisumu, Kenya

Respiratory distress syndrome (RDS), or hyaline mem-
brane disease is an acute lung disease caused by inade-
quate amounts of surfactant due to both synthesis and
secretion impairement.! Decreased surfactant results in
increased surface tension in the alveolus during expira-
tion, leading to atelectasis, decreased gas exchange,
severe hypoxia, and acidosis.? The contribution of RDS
to neonatal mortality in low and middle-income coun-
tries is nearly 3 times that of high-income countries.>>
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In Kenya, the contribution of RDS to neonatal mortality
is unknown.

RDS is the most common respiratory disease in pre-
term infants, and its severity and incidence are inversely
related to birth weight and gestational age.>° In addition
to prematurity, other risk factors for developing RDS
include a poor Apgar score, antepartum bleeding, mul-
tiple pregnancy, cesarean section, and maternal condi-
tions such as gestational diabetes mellitus and
hypertension.”® Clinical diagnosis for RDS is made in
preterm infants with respiratory difficulty: tachypnea,
retractions, grunting respirations, nasal flaring, and a
need for an increased fraction of inspired oxygen.
Several studies have also shown the ability to diagnose
RDS based on pathological changes in the lungs.”!°

RDS typically worsens over the first 48 to 72 hours;
early diagnosis and treatment are important for improv-
ing outcomes. The goal of RDS management is to reduce
its severity using antenatal corticosteroids for mothers at
risk of preterm delivery, followed by optimal manage-
ment of the disease after birth, such as the use of CPAP,
mechanical ventilation, oxygen administration, and sur-
factant replacement therapy.!! More than 90% of babies
with RDS survive under close medical supervision world
wide.'? There is little or no recent literature describing
the pathology of RDS in the tissues among children aged
below 1year. In addition, immunohistochemical testing
is also limited in most developing countries. The interac-
tion of the molecules with tissues in the microenviron-
ment of the alveoli lining plays a key role in the outcome
of RDS; therefore, understanding its pathology will facil-
itate improved diagnosis and treatment. '3

The burden of RDS in Kenya has not been well char-
acterized, and its contribution to child morbidity and
mortality is unknown. In this study, we characterize the
burden of RDS among neonatal deaths enrolled in the
Child Health and Mortality Prevention Surveillance
(CHAMPS) site in Kenya and compare the antemortem
versus post-mortem diagnosis of RDS.

Methods

Study Design and Overview

CHAMPS is a multi-country, long-term surveillance
program that systematically collects and tests post-mor-
tem tissue specimens and fluids from deceased children
under the age of Syears (<5s) in a well-defined health
and demographic surveillance site. Its objectives are to
document all causes of under-five mortality, prompt
immediate public health actions, and develop interven-
tions designed to reduce similar future child mortality. It
also provides information on the cause of death, which,

along with clinical, maternal, verbal autopsy, and demo-
graphic data, forms the substrate for conducting mortal-
ity reviews of children under the age of 5. CHAMPS
methods have been described in detail elsewhere.'*

Overview of Data Collection and Study Sites

Between May 2017 and December 2021, study staff
contacted parents within 24 hours of a child’s death, and
consent was obtained to minimally invasive tissue sam-
pling (MITS) procedure for microbiologic, molecular,
and histopathological testing, medical records for the
deceased child, and a verbal autopsy.'* Data were col-
lected (abstracted) from a review of medical records,
verbal autopsy, diagnostic and pathology reports
(attained from MITS procedures) for neonates from
Manyatta and Karemo Health Demographic Surveillance
System (HDSS) located in Kisumu and Siaya Counties,
in Kenya, respectively. The diagnostic report includes
microbiology/culture, molecular diagnostics (TagMan
Array), human immunodeficiency virus, tuberculosis,
malaria testing, pathology local report, and case photos,
while the International pathology report was obtained
from the central pathology laboratory (CPL) based in
Atlanta, which included further histopathologic, immu-
nohistochemistry and PCR diagnosis testing.'?

The final cause(s) of death was assigned and classi-
fied using the WHO ICD-10 by the Determination of
Cause of Death (DeCoDe) panel. The DeCoDe panel is
a group of experts that composed of neonatologist, pedi-
atrician, microbiologist, pathologist, epidemiologist,
and Obstetrician.'® This panel of experts reviews com-
plete cases to assign the cause of death and identify vari-
ous public health interventions that may have contributed
to death. Each review concludes with a “Data to Action”
discussion, where interventions are recommended by
the panel to reduce the probability of similar deaths
occurring in the future.!” The determination of cause of
death in cases of RDS was based on histological evi-
dence of the hyaline membrane in the lung tissue and
clinical presentation before death. The histological evi-
dence of a hyaline membrane in the lung tissue is marked
by presence of cellular debris and proteinaceous exudate
mixed with fibrin in the walls of alveoli. However, in
some cases, hyaline membranes were not prominent his-
tologically, but the diagnosis of RDS was based on clini-
cal presentation. In such cases, the certainty level for the
diagnosis based on the diagnostic criteria in DeCoDe
was low. The standard diagnostic criteria for assigning
the cause of death are classified into 3 categories: Level
1: strong histological evidence of hyaline membranes in
the lung tissue Level 2: medical documentation of birth
below 37 weeks and clinical and diagnostic criteria for
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RDS Level 3; verbal autopsy report of birth more than
1 month early with more signs of respiratory distress.

In addition, Manyatta and Karemo HDSS have about
44 public health facilities, but only one main facility in
the region (Jaramogi Oginga Odinga Teaching and
Referral Hospital) that serves Manyatta HDSS popula-
tion has neonatal intensive care unit (NICU).

Study Samples and Data Analysis

We described RDS for neonates (children less than
28 days of age) enrolled in CHAMPS by examining var-
ious characteristics: gestational age, low birth weight,
poor Apgar score, antepartum bleeding, multiple preg-
nancy, Cesarean section, and maternal conditions such
as gestational diabetes, maternal HIV, and hypertension.
The basic description included the prevalence, clinical
presentation, management, and histopathological pat-
terns of RDS among neonates in CHAMPS. The histo-
pathological features of RDS were described by fibrin
and necrotic tissue lined within the alveolar duct.

We calculated frequencies and proportions for vari-
ous characteristics: gestational age at delivery, low birth
weight, poor Apgar score, antepartum bleeding, multiple
pregnancy, Cesarean section, and maternal conditions
such as gestational diabetes, maternal HIV and hyper-
tension for deceased neonates diagnosed with RDS. We
then categorized and calculated frequencies and propor-
tions for clinical presentations, management, and histo-
pathological patterns of RDS among the decedents and
explored the immediate, morbid/intervening, and under-
lying conditions by calculating their proportions. Stata
version 16.1 was used for the analysis.

Eligibility Criteria

The cases were newborn babies with less than 28 days
who were enrolled in Kenya CHAMPS program and
were residents of Karemo and Manyatta HDSS in Siaya
and Kisumu, respectively. That had undergone the pro-
cess of DeCoDe and hade their cause of death deter-
mined between 2017 and 2021. We excluded all the
stillbirths and children above 28 days of age that were
enrolled and DeCoDe during the same period.

Ethical Consideration

The study is part of the CHAMPS protocol and the
informed consent documents were reviewed and
approved by the Kenya Medical Research Institute
(KEMRI) Scientific Ethics Review Unit (SERU), and
Jaramogi Oginga Odinga Teaching Referral Hospital
ethics review committee (ERC) Protocol number #3308.

Total number of neonatal
deaths enrolled in CHAMPS

(165)

RDS CASES (43)

Deaths within 1-6 Deaths within 7-28
Days (11) Days (2)

Figure |. Total number of RDS cases among neonatal
deaths enrolled in Kenya CHAMPS.

Deaths within

24hrs (30)

U.S. Center for Disease Control (CDC) institution
review board relied on SERU approval. Every parent
provided written, informed consent, and all information
gathered from them was treated with strict confidential-
ity. Neither the case files nor the data were used for any
other reason.

Results

Of the 165 neonatal deaths included in CHAMPS
between May 2017 and December 2021, 43 (26.1%) had
RDS in the causal chain. Forty-one (95.3%), among
those with RDS, were early neonatal deaths (<7 days),
and 2 were late neonatal deaths. Of these early neonatal
deaths, 30 (73.2%) were within 24hours, while 11
(26.8%) neonatal deaths occurred between 1 and 6 days
(Figure 1).

Thirty-one (72.1%) of the 43 cases had RDS as
immediate COD and 12 (27.9%) as other morbid COD.
Other immediate causes of death among the remaining
12 cases were intrauterine hypoxia (3), neonatal sepsis
(6), congenital pneumonia (1), birth asphyxia (1), and
aspiration pneumonia (1). Six cases of neonatal deaths
due to RDS had other infections considered to have con-
tributed to death: HIV disease (1, 16.7%), cytomegalo-
virus infection (1, 16.7%), Escherichia coli sepsis (2,
33.3%), and congenital pneumonia (2, 33.3%). Two of
the RDS cases also had aspiration pneumonia, while 1
had meconium aspiration syndrome as other fetal cause
of death.

Ninety-three percent of cases were hospital births
(Table 1). An antemortem diagnosis of RDS was made
in 22 (55%) of all hospitalized cases and was based on a
clinical presentation during admission. One neonate was
admitted to the NICU before dying. Thirty-eight (88.4%)
cases were managed on oxygen via nasal prongs, and the
amount of oxygen administered was 0.5L/min. Two-
thirds of cases (65.1%) were also managed on 10%
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Table I. Clinical Management, Child, and Maternal
Characteristics in RDS Among Neonatal Deaths Enrolled in
Kenya CHAMPS.

Characteristic n=43(%)
Neonatal and maternal characteristics
Sex
Female 23(53.5)
Male 20(46.5)
Birth weight, g <1000 16 (37.2)
1000-1499 17 (39.5)
1500-2499 6 (14.0)
Above 2500 49
Average gestational age 29 weeks
Gestational age, weeks <28 13 (30.2)
28-32 15 (34.9)
32-36 5(11.6)
>36 4(9.3)
Undetermined 6 (13.9)
Type of pregnancy Multiple 14 (32.6)
Single 29 (67.4)
Apgar Score at 5minutes <5 8 (18.6)
>5 27 (62.8)
Undetermined 8 (18.6)
Average maternal age 25years
Maternal HIV Yes 5(11.6)
No 38 (88.4)
Maternal hypertension Yes 5(11.6)
No 38 (88.4)
Diagnostic investigation
Hospitalized 40 (93.0)
Yes 3(7.0)
No
Abdominal ultrasound 0(0)
X ray 0 (0)
ECG 0 (0)
Blood gases 0 (0)
Antemortem diagnosis
Yes 22 (55.0)
No 18 (45.0)
Treatment administration
Dextrose 28 (65.1)
Oxygen 36 (83.7)
Antibiotic 24 (55.8)
CPAP 0 (0)
Mechanical ventilation 0(0)
Surfactant replacement 0 (0)
therapy

dextrose for hypoglycemia, and none of the neonates
received proper care (CPAP, surfactant). Most cases had
prematurity (33, 76.7%) and low birth weight (39,
90.6%) while 27 cases had an Apgar score of >5 in
Sminutes. Multiple pregnancies accounted for 32% of

35 69. 7%

25
44.2%
b 41.9%
15
10 % a0%10.0%
5 . 93% 7.9% 7.9% 4.7% 4.7% 4T% 23% 23% 2.3% 2.3%
0 e e e o T
o
S

Figure 2. Post-mortem histopathological findings among
neonatal deaths enrolled in Kenya CHAMPS.

Figure 3. Pictorial presentation of the lung: Arrows
indicate hyaline membranes.

cases. Five mothers were HIV positive, and 11.6% had
pre-eclampsia during pregnancy.

Histopathological changes in the lungs revealed a
variety of changes, including hyaline membranes (30,
69.8%), preterm lung (27, 62.8%), squamous cells (19,
44.2%), focal fibrin (18, 41.9%), intra-alveolar hemor-
rhage (10, 23.3%), intra-alveolar macrophages (6,
14.0%), congestion (6, 14.0%), meconium ball (3,
7.0%), bronchopneumonia (3, 7.0%), interstitial pneu-
monitis (1, 2.3%), pneumonia (1, 2.3%), neutrophilic
leucocytosis (2, 4.7%), patchy hemorrhage (1, 2.3%),
bacterial rods (2, 4.7%), interstitial neutrophilic cells (2,
4.7%), atelectasis (4, 9.3%), and apoptotic debris (1,
2.3%). Some of the findings were not associated with
RDS but with other morbid conditions (eg, bacterial
rods) (Figure 2).

Figure 3 shows changes in the lung tissues associated
with respiratory distress syndrome. The alveolar duct is
diffusely lined with fibrin and necrotic tissue, typical of
a hyaline membrane; the hyaline membrane and
increased alveolar macrophages are scattered along the
alveolar duct. The air spaces are lined with granular
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Table 2. Data to Action Challenges and Activities Recommended by the Panel of Experts Among Neonatal Deaths Enrolled

in Kenya CHAMPS.

Public health challenges n=43(%)
Community
Dangers of inadequate antenatal clinic attendance (ANC) 13 (30.2)
Early detection and response to danger signs by family members and delay in seeking care 7 (16.3)
Dangers of unskilled deliveries (Traditional birth attendants) 4(9.3)
Use of family planning 3(7.0)
Dangers of Teenage pregnancy 3(7.0)
Facility
Using of laboratory and radiological support in patient diagnosis and treatment 18 (41.8)
Proper dosage and methods of oxygen administration, fluid, use of antibiotic 18 (41.8)
Proper documentation, history taking and examination 16 (37.2)
Adequate refresher trainings of staffs/CMEs (Capacity building) 13 (30.2)
Proper monitoring (Partographing) and management of labour Il (26.8)
Appropriate referral system 10 (23.3)
Need for staff change of attitude towards patients and caregivers and communication of 6 (14.0)
clinical procedure
Early detection and response to danger signs by health personnel while in hospital 5(11.6)
Contingency measures during health care workers strikes 4(9.3)
Adherence to National treatment guidelines 4(9.3)

eosinophilic materials, intra-alveolar damage, squames,
focal fibrin, pneumonitis, and neutrophilic leucocytosis,
which shows inflammation. The vascular endothelium
and alveolar endothelium are injured and necrotic.

Most public health interventions recommended by
the panel of experts for cases of RDS were facility-
based, such as using laboratory and radiological sup-
port in patient diagnosis and treatment (41.8%), proper
dosage and methods of oxygen administration, fluid
administration, and antibiotic use (41.8%), proper doc-
umentation, history taking, and examination (37.2%),
adequate refresher training of staffs and CMEs (capac-
ity building) (30.2%), proper monitoring through parto-
graphing and management of labor (26.8%), and
appropriate referrals (23.3%). In addition, the dangers
of inadequate antenatal clinic attendance (30.2%), early
detection and response to danger signs by family mem-
bers and delay in seeking care (16.3%), were identified
as community factors (Table 2).

Discussion

The prevalence of RDS was high in this study, besides
significant antemortem gaps in the diagnosis and clinical
management of cases of RDS. The high prevalence of
RDS among neonatal deaths is consistent with findings
from studies conducted in Refs.*%!%1? Furthermore, this
study showed that the majority of RDS deaths occurred
within the first 24hours of life. These findings differ
from the literature by Sudeep et al, which states that the

severity of the disease worsens within 48 to 72 hours in
cases of untreatment.’’ However, our cohort consists
mostly of very low birth weight infants who had severe
RDS, making them more likely to die early without
proper care. In addition, the disease occurred together
with other conditions such as intrauterine hypoxia, pre-
term birth, neonatal sepsis of the newborn and congenital
pneumonia, consistent with findings from the region.?!
In this cohort, the antemortem diagnosis of RDS was
missed in almost half of the cases, and the diagnosis was
based on initial clinical presentations (nasal flaring,
grunting, use of accessory muscles, and lower chest wall
indrawing) and the clinical course. In these cases, pre-
maturity, low birth weight, and birth asphyxia were the
most common clinical diagnoses given. The inadequate
investigation of RDS using universally recommended
procedures such as chest radiographs and blood gases
were not practiced, which may be due to the insufficient
availability of diagnostic tools and technical capacity in
the study setting.?? In addition, treatment of RDS is still
challenging, with nearly all the cases receiving subopti-
mal oxygen administration (0.5 L/min via nasal canula)
instead of >2L/min used in management of RDS.?
Surfactant replacement therapy, CPAP, and mechanical
ventilation, all of which have proved to improve RDS
management across the world, were unavailable and
unutilized.?*?¢ Although CPAP was available in 3 major
public hospitals, it was not used. CPAP, when used early,
prevents progression to severity as it increases the func-
tional residual capacity as it recruits alveoli.?” Inadequate
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management of RDS may explain the high mortality
caused by RDS in our study.

Our study revealed that low birthweight, low gesta-
tional age, and multiple pregnancy were the most observed
factors in the development of RDS. These findings were
consistent with the results obtained by other studies.?®?
However, measures to reduce the preterm birth rate
through good prenatal care combined with good and qual-
ity obstetric care during labor, such as monitoring the
active phase of labor with a partograph, prevent preterm
delivery. Administration of dexamethasone in the early
stages of pre-term labor and delivery in higher facilities
with neonatal intensive care units would decrease the
prevalence of RDS and improve the management of RDS,
thereby preventing and reducing further RDS.%303!
Continual health education to identify the early danger
signs during pregnancy coupled with early seeking of
health care will improve patient management during the
antenatal period, thereby reducing the rate of preterm
birth, which has been significantly associated with RDS.

Hyaline membranes were observed in lung histopa-
thology in nearly 3-quarters of cases; fibrin and necrotic
tissue were lined within the alveolar duct, typical of
respiratory distress syndrome. Of significance were
acute inflammation and injury to the vascular and alveo-
lar endothelium, the inflammatory responses manifested
by scattered granular eosinophilic materials, intra-alve-
olar damage, squamous cells focal fibrin, pneumonitis,
and neutrophilic leucocytosis commonly associated
with RDS associated with infectious diseases such as
sepsis. The histological differences in tissue and cell
changes due to incomplete lung development and patho-
logical features associated with RDS may help to better
understand the pathogenesis of hyaline membrane depo-
sition in neonates. Therefore, using MITS technique to
conduct autopsies will allow practitioners to better
understand the clinical history or presentation of the dis-
ease and improve the management of the disease.

Our study was limited to deceased neonates and there-
fore may have underestimated the number of RDS in the
general population. This study was largely a descriptive
analysis based on a convenience sample of neonates
enrolled in the CHAMPS study; hence, the power analysis
for sample size calculation was not done, limiting its gener-
alizability. In addition, MITS can miss a focal pathologic
finding, hence the underdiagnosis of cases. Furthermore,
gaps in the documentation of relevant clinical data and data
from a single location may influence the diagnosis of RDS.
The strength of this study is that it provides an insight into
gaps in the diagnosis and management of RDS, coupled
with increasing knowledge of lung tissue histology, and
highlighted opportunities for clinical care improvement.

Conclusion

The prevalence of RDS is high among the Neonatal
deaths enrolled in Kenya CHAMPS program, with sig-
nificant antemortem gaps in diagnosis and clinical
management of cases identified. Given the complexity
of diagnosing and managing children with RDS, a high
index of clinical suspicion coupled with training on
optimal management can be considered to reduce
RDS-associated neonatal deaths.
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