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Introduction

Fetal proximal bowel obstructions may present with bowel 
dilatation and polyhydramnios on prenatal ultrasound. Con-
ventionally, if the bowel obstruction appears sonographically 
isolated with normal fetal chromosomal micro-array analysis 
(CMA), the prognosis is thought to be positive. [1] We recently 
encountered one case that challenged this time-tested wisdom.

Abstract

Background: Duodenal atresia is one of the intestinal ob-
structions that can be diagnosed by prenatal ultrasound. It is 
commonly associated with Down’s syndrome and other con-
genital anomalies.

Case Presentation: We report a case of antenatal diagnosis 
of duodenal atresia with polyhydramnios in late third trimester. 
Chromosome microarray (CMA) test of amniotic fluid was nor-
mal. Postnatal surgery revealed duodenal atresia, annular pan-
creas, non-rotation of mid-gut, Ladd’s bands, volvulus, small 
contracted gallbladder and bilateral intra-abdominal testis. Du-
odenoduodenostomy and Ladd’s procedure were performed 
on day one of life. However, the baby developed persistent 
pulmonary hypertension of newborn (PPHN) after operation, 
refractory to medical treatment and ventilatory support. Fi-
nally the baby succumbed. Genetic testing showed pathogenic 
mutation of FOXF1 gene. Postmortem examination of the baby 
confirmed the diagnosis of alveolar capillary dysplasia with 
misalignment of pulmonary veins (ACDMPV). Conclusion: The 
rare diagnosis of ACDMPV should be considered in neonates 
with refractory PPHN and bowel pathology. Prenatal diagnosis 
by targeted sequencing on the FOXF1 gene can be considered 
in cases with USG findings of bowel distension, when routine 
CMA fails to reveal a diagnosis. Prenatal and early neonatal 
diagnosis of ACDMPV would drastically alters the perspective 
and management for a fetus with seemingly isolated bowel ob-
struction.

Case Report

Our case was a 26 years old Thai lady who enjoyed good past 
health. She had normal first-trimester Down syndrome screen-
ing and mid-trimester fetal morphology scan. She was referred 
to us for large-for-date uterine size at 35 week gestation. Ultra-
sound by our team showed a small-for-date fetus, with promi-
nent stomach bubble and distended duodenum as shown in 
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Figure 1. The amniotic fluid index (AFI) was 39cm. Obstruction 
at duodeno-jejunal junction was suspected. Oral glucose toler-
ance test (OGTT) was normal. Amnioreduction was performed 
twice to relieve pressure symptoms and facilate induction of la-
bour. CMA test showed no copy number gain or loss. 

At 37 week, a male baby weighed 1.885kg (<3rd centile) 
was delivered by emergency lower segment caesarean section 
(LSCS) for intrapartum fetal distress. Apgar score was 5 at one 
minute, 8 at five minutes and 10 at ten minutes of life. He was 
transferred to the neonatal intensive care unit (NICU) for ante-
natal suspicion of small bowel obstruction. 

Physical examination of the baby in NICU found the chest 
was clear with good air entry. Baby had bilateral undescended 
testes. Chest X-ray showed no consolidation of lungs. Abdomi-
nal X-ray (AXR) showed the Ryle’s tube was in stomach and ab-
sence of bowel gas distal to stomach bubble. His oxygen satu-
ration was maintained with 1 liter of oxygen supplement. Oral 
feeding was not commenced. 

The baby underwent laparotomy at 12 hours of life. Intra-op-
eratively found type 1 duodenal atresia located just 1cm distal 
to pylorus with annular pancreas. There was also complete non-
rotation of mid-gut, very narrow root of mesentery associated 
with Ladd’s bands between the caecum and proximal jejunum, 
volvulus with twisting of 90 degrees. The spleen was located at 
a relatively low position on left side of abdomen. Bilateral testes 
were intra-abdominal near the deep rings. Duodenoduodenos-
tomy and Ladd’s procedure were performed. The operation was 
uneventful. Baby was transferred back to NICU with mechanical 
ventilatory support.

However, the baby developed pulmonary hypertension on 
the same night with increased FiO2 requirement. His condition 
drastically deteriorated on day 4 of life, with refractory pulmo-
nary hypertension and right heart failure despite high ventila-
tor settings, multiple inotropes and nitric oxide therapy. Chest 
x-ray showed non-specific mild perihilar haziness only and no 
other lesions. Echocardiogram showed persistent pulmonary 
hypertension of newborn (PPHN) with no cardiac structural 
abnormality. Extra-corporeal membrane oxygenation (ECMO) 
support was considered not suitable in view of the low birth 
weight. Alveolar capillary dysplasia with misalignment of pul-
monary veins (ACDMPV) was suspected and urgent FOXF1 gene 
testing was arranged. However, baby developed right tension 
pneumothorax on day 7 of life and finally succumbed due to 
respiratory failure. 

Genetic test result was available 7 days after the baby suc-
cumbed. Direct Sanger sequencing of the two coding exons of 
FOXF1 gene (Reference sequence: NM_001451.3) showed a 
heterozygous single base pair deletion variant c.677del. This 
changed the 226th codon from Glycine to Alanine with sub-
sequent frameshift and premature STOP at the 378th codon 
[p.(Gly226Alafs*153)] as shown in Figure 2. This confirmed the 
molecular diagnosis of ACDMPV. Parental testing of this FOXF1 
gene pathogenic variant was negative, indicating the mutation 
found in the affected baby was a de novo event. Postmortem 
examination of the baby also confirmed the histological diagno-
sis of ACDMPV. (Please refer to Figure 3 and legend for a more 
detailed description).

Figure 1: Antenatal USG showing prominent stomach bubble 
and the distended duodenum

Figure 2: Sequence analysis of FOXF1. The baby was hetero-
zygous for a single base pair deletion variant (c.677del; arrow) in 
FOXF1. 

Discussion/Conclusion

FOXF1 gene is located on chromosome 16q24.1, it provides 
instructions for making the forkhead box F1 (FOXF1) protein, a 
transcription factor that binds to specific regions of DNA and 
helps to control the activity of many other genes. It is important 
in the development of pulmonary mesenchyme, the embry-
onic tissue from which blood vessels of the lung arise. It is also 
involved in the development of the gastrointestinal tract [2]. 
Heterozygous mutation in the FOXF1 gene is known to cause 
congenital alveolar capillary dysplasia with misalignment of 
pulmonary veins (ACDMPV) (OMIM #265380), a disorder that 
primarily take a toll on the lung and gastrointestinal tract [3]. 
Extrapulmonary findings are present in 50 to 80% of cases. [4] 
Organs with a relatively high level of FOXF1 gene expression, for 
example the gallbladder and urinary tract, explain the associ-
ated anomalies of them in some cases of ACDMPV [5]. While 
point mutations in FOXF1 is associated with bowel malrotation; 
microdeletions of FOXF1 is associated with hypoplastic left heart 
syndrome and gastrointestinal atresias, probably due to haplo-
insufficiency for the neighboring FOXC2 and FOXL1 genes [6]. 

Majority of the affected infants present with cyanosis and re-
spiratory failure resulting from pulmonary hypertension within 
48 hours of birth. ACDMPV and its fatality is well recognized 
in neonatology. Survival with “patchy ACD” long enough to re-
ceive lung transplants is exceptional [7]. Up till now, there are 
approximately 200 cases of ACDMPV reported. Most cases of 
ACDMPV were diagnosed by histological examination of lung 
tissue in autopsy, while some by ante mortem  lung biopsy. If 
histological diagnosis is not feasible or available but the diag-
nosis of ACDMPV is suspected clinically, clinician can arrange 
genetic test to detect mutations or deletions in the FOXF1 gene, 
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Figure 3: Histopathologic findings of the deceased baby with 
alveolar capillary dysplasia with misalignment of pulmonary veins 
Photomicrograph of the lung with control.
A. Case lung under low power showing normal bronchiolar-vas-
cular bundle in the center with alveoli in background. Br indicates 
lumen of the bronchiole with accompanying bronchiolar artery 
(BA). There are several abnormal veins (AV) clustering around the 
bronchiolar-vascular bundle and these are absent in the control 
lung in B. These veins should normally be confined to the inter-
lobular septa (not included in this photo). The alveoli are poorly 
formed and with thick alveolar septa. 
B. Normal control lung under the same magnification as A. Note 
the absence of abnormal veins around the bronchiolar-vascular 
bundle and well-formed alveoli with thin congested alveolar septa. 
Some aspirated squames (S) in alveolar lumen are noted (neonatal 
death due to asphyxia, same gestational week as case). 
C. Case lung under medium power showing the poorly formed al-
veoli with thick septa (two septa circled) that have scanty capil-
lary vessels and some larger congested vessels in the center of the 
thick septa. Thin hyaline membrane (two arrow) in the alveoli is 
likely related to hyperbaric oxygen therapy. 
D. Normal control lung under the same magnification as C show-
ing well-formed alveoli with thin septa and abundant congested 
capillaries (two septa circled). 
Hematoxylin and eosin stain. A and B - original magnification x100. 
C and D - original magnification x200. Black bar on the lower mid-
dle part of each set of photo indicates 100 micrometer length.

which can be found in around 40% of infants with ACDMPV. [4] 
Identifying the mutant gene is a strong predictor of poor prog-
nosis. It will help the clinicians to discuss with the parents on 
the disease course and the decision on withdrawal of invasive 
procedures (e.g. ECMO, cardiopulmonary resuscitation) as they 
are deemed futile.

The obstetric community at large is, unfortunately, still in 
the dark about the entity of ACDMPV. Nevertheless, a report 
of three cases almost two decades ago had rang the bell for its 
potential association with fetal bowel obstruction. All three fe-
tuses in this series had USG showing dilated stomach and poly-
hydramnios in the third trimester of pregnancy. The neonates 
developed PPHN after birth and finally succumbed. Two cases 
had histological confirmation of ACDMPV, while the last case 
did not due to parental refusal so it was diagnosed clinically. 
Genetic testing was not mentioned but was likely not available 
then [10]. Although antenatal USG may not be able to diagnose 
the lung condition, the diagnosis should be considered if there 
is present with polyhydramnios and other features of fetal GI 
obstruction. 

With the advent of CMA, came prenatal molecular diagnosis 
of ACDMPV. Two cases have been reported both were caused 

by micro-deletions. In one case, the fetus had thick nuchal 
translucency and univentricular congenital heart malformation. 
Chorionic villi sampling (CVS) was performed and CMA demon-
strated a de novo 1.17 Mb deletion in 16q24.1 encompassing 
FOXF1 gene. The pregnancy was terminated and the diagnosis 
of ACDMPV with hypoplastic left heart syndrome were con-
firmed by postmortem examination of the abortus [8]. In an-
other case, CVS was performed for fetal cystic hygroma at 11 
weeks of gestation and CMA showed a chromosome 16q24.1 
microdeletion, containing the FOXF1 gene. Subsequently, USG 
showed the presence of AVSD, bilateral superior vena cavae, 
a low-normal-sized aortic valve, and suspected bowel atresia. 
The mother was counseled prenatally about the provisional di-
agnosis of ACDMPV and its poor prognosis, with a plan to avoid 
futile invasive therapies. After birth, the infant’s respiratory sta-
tus declined within 24 hours of life despite respiratory support. 
Comfort care was provided, surgery for small bowel atresia was 
not performed and the baby died on day two of life [9]. 

Prenatal diagnosis of ACDMPV, as in the two reported cases, 
drastically changes the prognosis, counseling, obstetric and 
neonatal management of a fetus otherwise thought to have 
salvageable conditions. Antenatal ultrasound cannot detect the 
abnormalities of microscopic pulmonary vasculature pathogo-
monic of ACDMPV. However, bowel involvement is telltale even 
prenatally. With the leaps and bounds in molecular technology, 
targeted sequencing on the FOXF1 gene is becoming increas-
ingly handy when routine CMA fails to reveal a diagnosis. Turn-
around time for urgent test is around two weeks. (In our case, 
the turn-around-time was merely 9 days.) The real stumbling 
stone is awareness of the condition. 

In conclusion, ACDMPV related to FOXF1 mutation is a lethal 
condition featuring prominently with fetal bowel obstruction 
on prenatal ultrasound. Compounded by insensitivity of prena-
tal imaging on fetal lung vasculature, relative inaccessibility of 
molecular means in the past, and a lack of awareness among 
the obstetric community, it has very likely been under-report-
ed. Nevertheless, a prenatal diagnosis drastically alters the per-
spective and management, both obstetric and neonatal, for a 
fetus with seemingly isolated bowel obstruction. This diagnosis 
is now made handily available by modern molecular technol-
ogy. A “trisomy 18” in fetal bowel obstruction, it is time it came 
to light long before taking further tolls. 

Postnatally, a high index of suspicion of ACDMPV in patient 
presenting with refractory PPHN and bowel obstruction is im-
portant. Timely workup and diagnosis of ACDMPV is crucial to 
facilitate redirection of care and avoid prolong suffering in pa-
tients with this lethal condition.
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