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Abstract

Background: Respiratory disorders are the leading cause of death in preterm infants. Postmortem
lung histological findings may help to confirm or exclude a clinical diagnosis. This study aims to
describe the common postmortem pulmonary histological findings and their potential contributions

to preterm neonatal mortality in Ethiopia.

Methods : A prospective, multicenter, and cross-sectional clinical study of preterm infants was con-
ducted in five hospitals in three regions of Ethiopia. A total of 4,919 preterm infants were enrolled,
and of these, 3,852 were admitted to neonatal intensive care units (NICUs). Within 28 days of post-
natal age, 1,109 or 29% of those admitted to the NICU died. Consent was requested from all parents
for a complete diagnostic autopsy (CDA) and was obtained in 441 of the preterm neonates who died.

A histopathological examination of representative lung tissues was performed .

Results: On histopathologic examination of the lungs of these deceased preterm neonates, the major
abnormal histological changes observed were hyaline membrane disease (HMD) in 81.6%,

pneumonia in 44.7%, pulmonary hemorrhage or diffuse alveolar hemorrhage (DAH) in 39%, and
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meconium aspiration syndrome (MAS) in 5.9%. A combination of histopathological findings, two

or more, were also observed in > 30% of the preterm lungs.

Conclusion : HMD was the most common pulmonary finding in extremely and moderately pre-

term infants. The highly prevalent pneumonia and pulmonary hemorrhage, with the frequently ob-

served HMD, might have significantly contributed to their deaths. Histopathological findings, be-

yond confirming a clinical suspicion, can be used as input in the refinement of clinical and radio-

logical diagnostic parameters to identify respiratory pathologies, particularly pneumonia, in pre-

term infants.

Keywords: Postmortem, autopsy, histopathology, pulmonary, preterm

Background

Respiratory disorders are the leading cause of
death in preterm infants (1). The major pulmo-
nary pathological findings described in pre-
term neonates include hyaline membrane dis-
ease (HMD), pneumothorax, pneumonia, pul-
monary hemorrhage/diffuse alveolar hemor-
rhage (DAH), meconium aspiration syndrome
(MAS), and chronic lung disease (1-5). In
some instances, extrapulmonary conditions
result in respiratory distress, making it difficult
to distinguish them from primary pulmonary
pathologies. Moreover, overlapping morpho-
logic features can be seen in different types of

primary pulmonary pathologies (6).

HMD, also described as diffuse alveolar dam-
age (DAD), is the most frequently presenting
pathology in the lungs of preterm neonates.
The risk of HMD is inversely proportional to
gestational age (3,5). HMD is histologically
characterized by the deposition of pinkish ho-
mogenous proteinaceous material along the
alveolar lining with associated alveolar col-

lapse and capillary edema. Usually, it is exac-

erbated by oxygen toxicity-induced epithelial
necrosis. HMD is considered an existing phe-
nomenon rather than a primary cause of res-
piratory failure, but it can determine the
course of the illness and both short- and long-
term outcomes. HMD can be complicated by
pneumonia, pulmonary hypertension, and pul-

monary hemorrhage (5, 7).

Pulmonary hemorrhage is difficult to detect
while the neonate is alive but is a common
postmortem finding in preterm neonates. Pul-
monary hemorrhage is considered severe
when at least one lobe of the lungs is involved

based on gross or histologic examination (8).

Pneumonia is a significant cause of respiratory
distress in preterm infants. It is classified as
early-onset when it presents before 7 days or
late-onset when it presents at or after 7 days of
age (1). Clinically, pneumonia may not be eas-
ily diagnosed in preterm infants, particularly
for cases with congenital pneumonia, where
most of the deaths are misdiagnosed as respir-
atory distress syndrome (RDS) (9). The mor-

tality rate due to pneumonia is inversely
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proportional to gestational age (GA) and birth
(BW) (10).

pneumonia can present as a patchy or lobular

weight Histomorphologically,
involvement pattern where a conspicuous
number of intra-alveolar and/or interstitial
acute inflammatory infiltrates associated with
edema, fibrin and vascular congestion are pre-
sent (11).

MAS is not commonly seen in preterm infants
except in preterm infants with listeriosis (12).
The histologic features of MAS include tiny
keratotic squames, lanugo, meconium bodies,
and mucus in the bronchi and alveoli to a vari-
able extent. Massive aspiration can be a lethal
condition when it is complicated with broncho-
pneumonia (13,14).

The purpose of this study was to describe the
major postmortem histopathological findings
of primary pulmonary diseases in preterm in-
fants who were admitted to the neonatal inten-
sive care units of five hospitals in Ethiopia and
died.

Methods

Study setting and design

The study was conducted as part of a project
entitled “A Prospective Study of Causes of IlI-
ness and Death in Preterm Infants in Ethio-
pia” (SIP) (15,16).
multicenter observational study conducted in
five hospitals (Tikur Anbessa Hospital, Gandhi
Memorial Hospital and St Paul Hospital in Ad-

This was a prospective

dis Ababa, Gondar University Hospital in the
north of Ethiopia, and Jimma University Hos-
pital in southwest Ethiopia) from July 1, 2016
to May 31, 2018.

All preterm infants admitted to the study hos-
pitals with a gestational age of less than 37
completed weeks were enrolled. Three meth-
ods of gestational age assessment, ultrasound,
last menstrual period (15), and physical exam-
ination using the new Ballard score, were
used. All deliveries where an induced abortion
was performed and for which the gestational
age could not be reliably determined using the
three GA assessment methods were excluded
from the study. The analysis for this paper on-
ly included those cases for which a complete
diagnostic autopsy (CDA) was performed.

A panel of experts decided on primary and
contributory causes of death using the histo-
pathological findings as well as other clinical
and investigational parameters. In some cases,
the panel might have decided to use other pa-
rameters to decide primary and contributory
causes of death. Therefore, the numbers may

not tally. The details of the findings are pub-
lished elsewhere (16). This study focused on-

ly on analyzing the major histological findings
in the lung but not on the causes of death.
CDA Procedures

CDA was performed according to the hospital
protocol and guidelines of the involved insti-
tutions within 6-12 hours after death in all cas-
es. After dissection of the lungs, liver, brain,
and kidneys, representative lung samples from
both lungs were taken and fixed in 10% neu-
tral buffered formalin for 24 hours. Paraffin
sections were prepared from the fixed tissues
and stained with hematoxylin and eosin as per

standard procedures.
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Data collection, entry, and analysis:

The CDA results were reported using a stand-
ardized data reporting format prepared for this
study(15). The format included a checklist of
major preterm problems and expected histolog-
ical features of each case, and the pathologist
summarized the major findings in the format.
All CDAs and histologic slide reviews were

performed by experienced pathologists of the

respective institutions. Representative histo-
logical pictures of major findings were taken
using an Infinity HD Lumenera camera fitted
on an Olympus BX43F microscope.

Results

The total number of preterm deaths with a
CDA was 441 [Figure 1]. Most preterm deaths
in the study were between the gestational ages
of 28-34 weeks (78.7%).

N =4919

Consented and enrolled

Admitted to NICU

N = 3852

Lost to follow-up
or withdrawals

N=47

A

Alive Died before or
on day 28
N = 2696
N=1109

l

v

Consented autopsy,
CDA performed and
lung samples analyzed

N =441

Figure 1: Enrollment flow chart

\ 4

Refused autopsy

N = 668

(NICU-neonatal care unit, CDA-complete diagnostic autopsy)
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Of the 441 preterm deaths, a total of 1002 ma-
jor histopathologic findings were reported. Of
these, 758 (75.8%) were found to be primary
pulmonary pathologies. (supplemental table)

The major lung primary pulmonary histopatho-
logical findings included 360 (81.6%) with
HMD, 197 (44.7%) with pneumonia, 172
(39%) with pulmonary hemorrhage, and 26
(5.9%) with MAS. Additionally, diffuse non-
exudative alveolar edema with a conspicuous
number of hemosiderin-laden macrophages
was observed in three cases. Multiple histo-
pathologic findings were observed as HMD
with pneumonia in 170 cases (38%), HMD

with pulmonary hemorrhage in 152 cases
(34%), and pneumonia with pulmonary hem-
orrhage in 120 cases (27%).

HMD was observed across all gestational age
groups with no significant difference in the
proportions. HMD was the most prevalent pul-
monary pathology finding across all gestation-
al age categories. Although not statistically
significant, 87.3% of preterm infants between
gestational ages of 32 and 34 weeks had
HMD, followed by those <28 weeks, where
82.6% showed pathological findings con-
sistent with HMD. There was no significant

difference by sex or birth weight.

Table 1: Gestational age, sex, and birth weight distribution related to the major primary pulmo-

nary pathologies
Pulmonary findings HMD Pneumonia DAH MAS
Variables ~ Categories N % OR P- % OR P- % OR P-value % OR p-
value value value
<28 35 82.60 1.234 0.704 40 0.644  0.309 64.30 0.185 0.002 12.80 0318  0.305
28-31 213 7840  0.927 0.835 4460  0.778  0.395 34.30 0.577 0.065 4.20 0476 0.2
32-34 134 8730 1.757 0.174 4330 0.738  0.332  49.20 1.075 0.818 8.20 0.966  0.951
35-<37 59 79.70  Ref. Ref. 50.80 Ref. Ref. 47.50 Ref. Ref. 8.50 Ref. Ref.
Sex Male 243 79.80 0.758 0.273 4440  0.795 0.895 38.30 0.975 0.9002 6.90 1.538 0.31
Female 193 8390 Ref Ref. 45.10 Ref. Ref. 38.90 Ref. Ref. 4.70 Ref. Ref.
Birth <1000 59 89.80 1.767 0326 4750 0982  0.962 37.30 0.764  0.498 6.80 0.625  0.503
weight
1000-1500 201  77.10 0.674 0.35 4530  0.899  0.741 32.80 0.629 0.156 4.50 0403  0.119
1500 -2000 122 83.60 1.02 0966  41.80  0.781 0.47 47.50 1.165 0.656 6.60 0.604  0.398
>=2000 48 83.30  Ref Ref. 4790  Ref. Ref. 4370  Ref. Ref. 1040  Ref. Ref.

Hyaline membrane disease (HMD), pneumonia,
diffuse alveolar hemorrhage (DAH), and meco-
nium aspiration syndrome (MAS)

Pneumonia was documented across all gesta-
tional age groups, with the highest rate in in-
fants with a GA of 35 to <37 weeks (30/59,

50.8%). However, this result was not statisti-
cally significant. A relatively high occurrence
was documented in infants with a birth weight
<1000 gm (28/59, 47.5%) and >=2000 gm
(23/48, 47.9%), which was also not significant-
ly different.
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Pulmonary hemorrhage was observed in all
gestational age categories. However, it was a
rare finding among the <28 weeks gestational
age group (14.3% only, p<0.005). There were

only 5 cases in this gestational age group.

MAS was largely observed in infants of GA 32
to <37 weeks 16/26 (61.5%). There were no
sex differences in the occurrence of HMD,
pneumonia, or DAH. However, MAS occurred

more frequently in males with an M:F ratio of
2:1.

HMD was predominantly found in preterm in-
fants who died between 24 and 72 hours after
birth. Pneumonia was observed in neonates
who died between 24 hours and 7 days
(132/197, 67%). DAH was commonly ob-

served in infants who died between 24-72

hours postnatal age. MAS was documented in
5 of the 26 neonates who died within 24 hours
of birth.

HMD-hyaline DAH-
( y

diffuse alveolar hemorrhage, MAS- Meconium

membrane disease,

aspiration syndrome)
Histological analysis

Histological analysis was performed for the
two most common conditions, i.e., HMD and
pneumonia. Waxy-appearing layers of a hya-
line membrane composed of fibrin, cellular
debris, and red blood cells mostly covered ex-
tensive areas of the lungs [Figure 2A], and on-
ly in a few cases was a patchy hyaline mem-

brane seen in the organizing phase with hyper-

plasia of type 2 pneumocytes. [Figure 2B].

Figure 2. (A) A hyaline membrane in an early phase of HMD in association with epithelial disrup-

tion (10x objective). (B) A hyaline membrane in the organizing phase of HMD with a

prominence of type 2 pneumocytes (arrows) (20x objective).

Intra-alveolar or interstitial hemorrhage was
considered significant or diffuse when it in-
volved a large area of a lobe or more lobes with
or without intra-alveolar fibrin or capillaritis
[Figure 3 (A)].

Histologically, pneumonia was considered pre-

sent when a significant exudate with neutro-

10

philic infiltrates and an increase in foamy mac-
rophages were seen in the alveolar spaces, in-
trabronchiolar, intrabronchial, and interstitium
associated with capillary congestion and,at
times,an extension of polymorphs into the si-

nusoids of parabronchial lymph nodes [Figure
3(B)].
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Figure 3: (A) Diffuse intra-alveolar and intrabronchial hemorrhage (10x objective). (B) Classical
pneumonia with intra-alveolar and intrabronchiolar neutrophilic exudate (arrow) (10x

objective)

Discussion

Respiratory disorders are the most frequent
causes of admission to a neonatal ICU and the
leading cause of early neonatal mortality in pre-
term infants (1). Primary pulmonary patholo-
gies are the most common causes of respiratory
distress when compared to other secondary
causes, such as cardiac anomalies (17,18). In
our study, pulmonary pathologies were found to
be 3 times more common than non-pulmonary
pathologies. The top pulmonary pathologies
were HMD, pneumonia, DAH and MAS. There

11

were no significant differences in the frequen-
cies between gestational age groups, sex, and
birthweight. However, DAH occurred signifi-
cantly less often in those infants at <28 Wk ges-
tational age. Out of the observed HMDs among
preterm deaths, 86.9% fall in the <35 weeks
gestational age categories. This was also ob-
served in a related clinical study (19).

Pneumonia was recorded in nearly half (44.7%)
of our cases. This high occurrence is consistent
with other studies since preterm neonates are

susceptible to infections (20-22). Most of our
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cases were early-onset pneumonia, and their
occurrence was inversely proportional to GA,
which is similar to reports elsewhere (23). The
occurrence of pneumonia in 55.8% of neonates
at <72 hrs of age suggests congenital pneumo-
nia (11,23,24). A high chance of underdiagno-
sis of congenital pneumonia has been de-
scribed in the literature (25).

Patchy or diffuse alveolar hemorrhage was
consistently seen in association with HMD and
pneumonia in most of the cases and was found
in a higher proportion among early to mid-
preterm infants. DAH alone occurred only in
8/441 (1.8%) of the cases. Interestingly, DAH
occurred at a significantly lower frequency in
extremely preterm neonates, which is in sharp

contrast to the described literature (26).

Consistent with similar studies, MAS was seen
in a minority of the cases (26, 5.9%) (27).
However, one might consider this as higher
than expected in preterm infants (28,29). MAS

occurred in equal proportion in all GA groups

12

in contrast to the expected concentration at
later preterm gestational ages (28). MAS is
fatal only if meconium is massively aspirated.
In all our cases, MAS was seen as a patchy
finding, and we presume that it is less likely to
be the direct cause of death. However, it is
argued in some literature that the amount aspi-

rated may not correlate with severity (29).

This study aims primarily to characterize the
major pulmonary histopathologic changes.
However, we also found unexpected histolog-
ic features that we believe are diagnostically
important. However, the major pneumonia
histologic findings are classical with extensive
fibrinopurulent exudate. In some cases, even
with associated pleuritis, the exudate was lo-
calized, suggesting focal pneumonia [figure 4]
— a situation that can easily be missed, ignored

clinically, or called something else.
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Figure 4. Patchy pneumonia with intrabronchiolar fibrin and neutrophils (arrows, 20x objective)

Additionally, intra-alveolar and intrabronchio-
lar ‘fibrin balls’ or fibrin plugs with patchy
areas of organization, also described as acute
fibrinous and organized pneumonia (AFOP),
were consistently seen in the classical pneumo-
nia cases with or without combined features of
HMD and DAH but not in isolated cases of
HMD [Figure 5]. This histologic pattern of
acute lung involvement with largely unknown

clinical significance is documented as a dis-

13

tinct clinical entity and is also observed in
connective tissue diseases involving the lungs,
drug-induced pneumonia, and virus-associated
cases of pneumonia such as COVID-19 with
good corticosteroid response (30-32). Howev-
er, we found it to be difficult to put it as a sep-
arate disease entity in preterm infants. Rather,
we speculate that these features may add to the
radiographical clues that can be helpful in dif-

ferentiating pneumonia from HMD.
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Figure 5. (A) case of pneumonia with fibrin balls (arrow) (20x objective),
(B) Yellow/bilirubin-tinged hyaline membrane (10x objective)

The presence of yellow-stained membranes in a
few of our cases [Figure 5] may suggest biliru-
bin-stained hyaline membranes, and we specu-
late that this may lead to the persistence of
HMD, leading to poor respiratory outcomes in
these neonates.

Diffuse non-exudative alveolar edema with he-
mosiderin-laden macrophages was observed in
three cases, perhaps the result of underlying
cardiac anomalies.

Although this paper presents the largest autop-

sy series describing pulmonary pathologies in

Ethiopia, it has some limitations. The lung pa-
thologies were not correlated with correspond-
ing placenta findings as described in perinatal
autopsy guidelines, and the low consent rate

may bias the findings.

In conclusion, an autopsy is instrumental in es-
tablishing a diagnosis and identifying new find-
ings. This study has demonstrated the high oc-
currence of pneumonia in preterm infants in a
low-resource settings such as Ethiopia. The
classic histologic evidence with extensive in-

volvement of lung parts may dictate pneumonia
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as a strong contributory factor or perhaps the
most important cause of death in the 44.7% of
preterm neonates in this study. Therefore, we
strongly recommend consideration of infec-
tious conditions such as pneumonia as a con-
tributor to death, in addition to HMD in this
setting.

List of abbreviations

HMD Hyaline Membrane Disease

NICU  Neonatal Intensive Care Unit

DAH Diffuse alveolar hemorrhage a.k.a.
Pulmonary hemorrhage.

MAS Meconium Aspiration Syndrome

RDS Respiratory Distress Syndrome

GA Gestational age

BW Birth Weight

SIP Study of causes of illness and death
in preterm infants

CDA Complete Diagnostic Autopsy

OR Odds Ratio
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