
British Heart journal, 1978, 40, 215-220

Histopathology of the ductus arteriosus after
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SUMMARY The histology ofthe ductus arteriosus was studied after prostaglandin E1 (PGE1) administra-
tion in 4 infants with ductus dependent cardiac malformations. Pronounced pathological changes were

found in each instance. The changes consisted of oedema of the media with separation of medial
components by clear spaces, pathological interruptions of the internal elastic lamina, and intimal lacer-
ations, some of which extended into the media.
The findings suggest that PGE1 administration has a profound weakening effect on the structure of

the wall of the ductus arteriosus, rendering the vessel prone to laceration.

Prostaglandin E1 (PGE1) is presently used with
increasing frequency as an emergency treatment
in infants with ductus dependent cardiac mal-
formations (Christensen and Fabricus, 1975;
Elliott et al., 1975; Olley et al., 1976; Schober and
Lorenz, 1976; Moulaert et al., 1977b; Neutze et al.,
1977; Rudolph and Heymann, 1977), because it
reverses ductus constriction by abolishing the
vascular tone (Coceani and Olley, 1973; Elliott et
al., 1975; Sharpe and Larsson, 1975; Moulaert et
al., 1977b; Neutze et al., 1977; Rudolph and Hey-
mann, 1977). Several reports deal with the clinical
aspects of PGE1 administration but little is known
of its influence on the morphology of the ductus.
In the present paper the histological findings con-
cerning the wall of the ductus in 4 infants treated
with PGE1 are presented.

Patients and methods

The clinical data of each of the 4 infants are
summarised in Table 1. The dose of PGE1 used
was 0'1 ,ug/kg per min over periods ranging from
10 hours to 3 days.
In 3 of the 4 cases the ductus with the pulmonary

trunk and the aorta were obtained at necropsy.
The ductal width and length were measured and
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compared with ductus arteriosi from similar
cardiac malformations which had not been treated
with PGE1. In the fourth case the distal part of
the ductus was removed during surgery, together
with a segment of the adjoining distal aorta. Since
ductal tissue extended into the aorta this specimen
could also be used for this study and will be included
in our total group of four ductus.
The material was fixed in an alcohol-glycerin

mixture and routinely processed. Complete serial
sectioning of each ductus was carried out and the
sections were stained alternately with haema-
toxylin and eosin, azan, and van Gieson elastic
tissue stain.
The histology of the ductus arteriosus in the 4

cases treated with PGE1 was compared with that of
the ductus in cases of congenital heart disease.
This group contained both ductus dependent and
independent cardiac abnormalities. The details
of the type of anomalies in both these groups have
been reported previously (Gittenberger-de Groot,
1977). Moreover, further comparisons were made
with ductus obtained from cases without any
cardiovascular malformation.

NORMAL DUCTAL HISTOLOGY
For a proper understanding of the histology of the
ductus in the prostaglandin treated group of
infants it is necessary to know the normal histology
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Table 1 Clinical data

Case Diagnosis Age at start Duration of Place Improvement Maximum Side effects Remarks
of PGE, infusion catheter Clinical Angio rise in 0,
admin (d) PGE, HC IC PaO2 02%

mmHg

1* Pulmonary atresia, 1 3 days Ao Ao + + 35 50 Pyrexia Surgery: valvulotomy,
complex anomaly, flush right arm complex cardiac anomaly,
polysplenia syn- and chest infusion stopped, died 4
drome days later

2 Pulmonary atresia, 1 10 hours Ao Ao + 12 28 Apnoeic spells, Surgery: Waterston shunt,
VSD flush right arm died 18 hours later of

and right chest, intractable hypotension
shock kidneys ? and metabolic acidosis

despite PaO, 73 mmHg

3 Hypoplastic left 4 34 hours PV PV + NIBG Pyrexia After diagnosis hypoplastic
heart diuresis left heart infusion stopped,

died 10 days later

4 Aortic arch 10 32 hours P PV + + NIBG Pyrexia, friable Surgery: anastomosis,
interruption, aorto- diuresis ductus extension rupture ductal suture
pulmonary defect in aorta resulted in fatal haemor-

rhagia

Abbreviations: VSD, ventricular septal defect; HC, heart catheterisation room; IC, neonatal care unit; Ao, aortic arch; PV, peripheral
vein; P, pulmonary trunk; PaO, arterial oxygen pressure in mmHg; O.%, oxygen saturation %; NI BG, normalisation of blood gases.
*This case has briefly been reported previously (Moulaert et al., 1977a).

of the ductus arteriosus in the same age group
when the anatomical closure is not completed
(Gittenberger-de Groot, 1977). Hence a brief
review seems warranted.
The ductus arteriosus resembles a muscular

artery with an intact, wavy internal elastic lamina,
interrupted only underneath the intimal cushions.
At those sites the elastic lamina is fragmented and
is sometimes split up into several layers. The
media is mainly composed of circularly arranged
smooth muscle cells, with only minimal elastin
fibres in between. The medial components may be
widely separated, predominantly along the line of
junction with intimal cushions, thereby creating
large pools filled with a mucoid, slightly eosino-
philic substance, the so-called mucoid lakes. In
more advanced stages of anatomical closure, necro-
sis of cellular components of the media and a
diffuse fibrous proliferation of the intima begin to
appear.

Results

The length of the ductus arteriosus in the first
3 cases was 14, 10, and 10 mm and the maximal
external diameter 8, 5, and 7 mm, respectively
(Fig. 1).
The wall structure of the ductus arteriosi in the

non-treated group all disclosed a basically normal
architecture (Gittenberger-de Groot, 1977). Indeed
there were no noticeable differences between the
ductus in the groups with congenital heart disease,
whether cyanotic or not, and the ductus obtained
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Fig. 1 A comparison of the postmortem ductal width
(0) and length, after alcohol/glycerine fixation,
between cases treated with PGE1 (indicated by x) and
'controls'. (A) 26 cases of left hypoplastic heart; (B)
23 cases of pulmonary atresia. (Note the greater width
of the ductus in A.)

from cases without any cardiovascular malfor-
mation (Fig. 2). The ductus arteriosi in the 4 cases
with PGE1 administration, on the other hand, all
showed distinct abnormalities (Fig. 2). These
affected primarily the intima, the internal elastic
lamina, and the media. The internal elastic lamina
showed many interruptions at inappropriate sites,
that is at locations not covered by intimal cushions
(cases 1, 2, and 4) (Fig. 3, 4, and 5). In one instance
(case 3) the intimal cushions completely covered
the luminal aspects of the media; therefore, this
feature could not be evaluated. In the remaining 3
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NORMAL AFTER PGE,

Fig. 2 Schematic ductal wall, normal and after PGE1.
Abbreviations: cn, cytolytic necrosis; ery, erythrocytes;
ic, intimal cushions; iel, internal elastic lamina; int,
interruptions; la, laceration; leu, leucocytes; m, media;
med, medial oedema; ml, mucoid lakes; pip, postnatal
intimal proliferation; thr, thrombus.

cases the interruptions of the internal elastic
lamina were sometimes accompanied by intimal
lacerations (Fig. 3, 4, and 6-8), some of which
extended into the media (Fig. 3, 4, 6, and 8).
Thrombosis was often present at these sites (Fig. 3,
4, 6, and 7), in one case accompanied by a poly-
morphonuclear infiltrate (case 4) (Fig. 8).
The media of the PGE1 ductus showed distinct

oedema which accounted for the diffuse presence
of clear spaces, variable in size, separating the
medial components. These spaces differed from
the normally occurring mucoid lakes in their
staining capacities, in showing no eosinophilia.
In cases 1 and 2 the general architecture of the
media was largely preserved, despite the oedematous
changes (Fig. 4 and 5). However, in case 3, the
presence of large lacunae distorted the regular
medial wall structure, whereas in case 4 the changes
were so profound that the wall had changed into a
sponge-like structure (Fig. 3 and 6). In one instance
(case 1) a sudden interruption of the media was
seen, albeit without interruption of wall continuity,
in which it appeared as if the fibres of the media had
been torn apart to either side, the 'gap' being filled
by an oedematous connective tissue.

Table 2 shows the incidence of the abnormalities,
predominantly encountered at the aortic end of the
ductus. No malformations of the adjacent elastic
arteries, that is the aorta and the pulmonary trunk,
could be detected.

Discussion

The ductus arteriosi in the 4 patients treated with

Fig. 3 Transverse section of ductal tissue extending into
the aorta (a) in case 4. There is laceration (la) of ductal
tissue with thrombus formation (thr) protrudino into the
lumen. The intima shows small lesions with thrombosis
and interruptions (int) of the internal elastic lamina.
(Elastic van Gieson x 19.)

PGE1 all showed pronounced changes in the his-
tology of the wall, which were not seen to this extent
in the non-treated cases. This is of particular sig-
nificance since the latter group also contained cases
which suffered firm severe hypoxia and acidosis,
factors which themselves could have been held
responsible for the histological changes observed in
the PGE1 treated group.

In each instance of the PGE1 treated cases, the
wall of the ductus showed oedema and wall lacer-
ations. These observations lead to the conclusion
that the ductus in the PGE1 treated patients had
weakened, rendering it prone to laceration. We can
only speculate about the pathogenesis of the alter-
ations.

It is well known that PGE1 increases vessel wall
permeability (Solomon et al., 1968; Persaud, 1973).
This process may lead to oedema causing a succulent
wall, which is prone to laceration by mechanical
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compared with the ductus arteriosi in non-treated
~~'~~~V~~ patients. In one instance (case 1) there was a

distinct increase in both diameter and length of the
tnt~ ~ ductus (Fig. 1). However, the number of cases is

w C;iv, 'too small to permit a conclusive statement.
The effects of wall weakening are dramatically

shown in one of our patients (case 4), when the
X. surgeon was hampered in restoring vascular

c~ontinuity by the extreme weakness of the aortic
wall. In this particular instance ductal tissue extended
into the wall of the aorta, a situation that may occur

tieliel n S | K in interrupted aortic arch (Gittenberger-de Groot,
unpublished data).

la s; >-~^^.Ws>.X :sbAs the catheter used to infuse the PGE1 had not
been manoeuvred through the ductus, the intimalFthr ;gZ}laceration could not be the result of direct trauma

Xft;~ by the catheter. Therefore, it seems that the
' ; suclacerations occurred 'spontaneously', within a

succulent and friable wall.
The influence of the PGE1 on vessels other than

Fig. 4 Transverse section of the ductus of case 1. The
internal elastic lamina (iel) bordering the lumen is >
interrupted (int) in several places. There is a laceration jel
(la) into the media containing a thrombus (thr). (Elastic
van Gieson x 22.)

forces such as luminal dilatation and augmented med
flow. Moreover, increased pressures may also play
a role. The finding of medial oedema has its parallel
in systemic arteries under increased pressures, tnt
such as the early phase of malignant hypertension int
and experimentally induced hypertension (Gardner ' 7'
and Matthews, 1969; Heptinstall, 1974). In those
circumstances the mechanisms underlying the
phenomenon of wall oedema are considered to be
related to the increased filtration pressures. With'
PGE1 the vascular tone itself is much affected
and this phenomenon may well contribute in
facilitating filtration through the vessel wall.

It is debatable whether the action of the infused _
PGE1 is solely reversing postnatal ductal constriction
or whether it even induces a ductal width exceeding Fig 5 Detail of the wall of the ductus of case 2,
that at birth (Solomon et al., 1968; Sharpe and with many interruptions (int) of the internal elastic
Larsson, 1975; Starling et al., 1976; Moulaert lamina (iel) bordering the lumen. The fibres of the inner
et al., 1977b). The measurements obtained from third of the media are separated by oedema (med).
2 of our cases showed a relatively large diameter as (Elastic van Gieson x 57.)
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Fig. 6 Detail of the ductal tissue in the aortic wall
in case 4, with laceration (la) and thrombosis (thr).
The media has lost its normal structure being succulent
by oedema (med). (Haematoxylin and eosin x 57.)

Fig. 8 Laceration (la) of ductal wall of case 4 at

another site than pictured in Fig 3 and 6. A polymor-
phonuclear leucocyte infiltrate (leu) is present in the tear

(la) which nearly crosses the complete media (m).
(Haematoxylin and eosin x 57.)

Fig. 7 Detail of an intimal lesion with thrombosis
(thr) in the ductal wall of case 2. The internal elastic
lamina is interrupted. (Haematoxylin and eosin x 105.)

the ductus arteriosus is not well known (Strong and
Bohr, 1967). In guinea-pigs and dogs the lungs
contain a high degree of degrading enzymes,
eliminating 90 per cent of the circulating prosta-
glandins in one lung passage (Ferreira and Vane,
1967). Effects on systemic blood vessels will,
therefore, largely depend on the route of admission.
It is of interest in this respect that of our series of 8
patients thus far treated with PGE1, 3 showed a
dramatic flush of the perfused subclavian area,
which disappeared after the catheter tip was

Table 2 Incidence of abnormalities

Case 1 2 3 4

Medial oedema + + + +
Interruption i.e.l. + + - +
Intimal damage + + + +
Laceration intima + media + + - +
Thrombus formation + + - +
Polymorphonuclear infiltrate - - - +

219

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.40.3.215 on 1 M
arch 1978. D

ow
nloaded from

 

http://heart.bmj.com/


A. C. Gittenberger-de Groot, A. J7. Moulaert, E. Harinck, and A. E. Becker

repositioned. It seems advisable, therefore, to study
more vessels in patients treated with PGE1.

Despite its damaging effects, PGE1 adminis-
tration may have its place as an emergency treatment
in paediatric cardiology, in order to improve the
condition of both the neonate awaiting catheter-
isation for diagnostic purposes and the infant with a
ductus dependent anomaly awaiting operation.
However, prolonged treatment with PGE1 or a
long-term PG-analogue may have a hazardous
effect on the ductus arteriosus. In view of these
observations it is advisable to administer the drug
only in a low dose and for as short a time as possible.

We thank Dr D. ter Haar, Upjohn Co., The
Netherlands, for the supply of prostaglandins.
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