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Meckel’s diverticulum (MD) is the most 
common congenital anomaly of the gastro-
intestinal (GI) tract. The main clinical mani-
festation of MD in childhood is GI bleeding. 
However, symptomatic manifestation in 
the neonatal period is rare.1 Single umbil-
ical artery (SUA) was first reported by Hyrtl 
in 1870.2 In recent years, SUA has been 
reported to be a marker for fetal congenital 
malformations, chromosomal abnormali-
ties, premature birth, and low birth weight, 
which can lead to severe adverse outcomes. 
We hereby report two cases of MD perfora-
tion in neonates with SUA in the Yiwu Branch 
of Children’s Hospital, Zhejiang University 
School of Medicine.

Case 1 was a female neonate who was born 
at more than 31 weeks of gestation. Prenatal 
ultrasound (US) showed an ‘LV’ shape in the 
transverse section and a single spiral struc-
ture in the longitudinal section of the free 
segment of the fetal umbilical cord, which 
indicated SUA. Chromosome examination 
of the fetus was normal, and no obvious 
structural abnormalities were detected on 
prenatal US. On March 8, 2021, the infant 
was delivered by cesarean section for threat-
ened premature labor and growth restriction, 
and was diagnosed with SUA during delivery. 
The neonate’s birth weight was 1010 g, and 
the Apgar score was 9’−10’/1–5 points. The 
neonate developed dyspnea 26 minutes after 
delivery and was admitted to the neonatal 
intensive care unit for neonatal respiratory 
distress syndrome. The next day, the newborn 
developed abdominal distension and progres-
sively worsened. The abdominal radiograph 
obtained with the patient in the upright posi-
tion showed a large amount of free gas in the 
abdominal cavity (figure 1), which indicated 
GI perforation. Case 2 was a male neonate 
who was born at more than 34 weeks of gesta-
tion. Prenatal US also indicated SUA. The 
neonate was delivered by cesarean section 

for premature rupture of membranes for 36 
hours at another hospital on April 10, 2022, 
and was diagnosed with SUA during delivery. 
The neonate’s birth weight was 2090 g, and 
the Apgar score was 9’−10’/1–5 points. After 
breast feeding on the day of birth, the infant 
developed vomiting and bloating, and radio-
graph obtained with the patient in the upright 
position also indicated GI perforation. The 
infant was then transferred to our hospital.

Both neonates were fasted and treated 
with GI decompression, oxygen therapy, 
incubator, fluid replacement, anti-infective 
therapy, and preoperative preparations. 
Emergency laparotomy was performed in 
both neonates, which confirmed the pres-
ence of MD perforation. The diverticulum 
in both cases was located on the opposite 
side of the mesentery of the terminal ileum, 
approximately 20 cm and 25 cm from the ileo-
cecal valve, respectively. The base width of the 
diverticula in both cases was approximately 
0.6 cm and 0.8 cm, and the length was approx-
imately 0.8 cm and 1.0 cm, respectively. The 
perforation in both cases was located at the 
top of the diverticulum, where the wall was 
blackened, collapsed, and necrotic, with a 
diameter of approximately 0.4 cm. In both 
cases, there was no obvious swelling at the 
base of the diverticulum. The surrounding 
intestinal tube was mildly adhered. There 
was no meconium-stained in the abdominal 
cavity and no extensive intestinal adhesions in 
either case (figure 2).

Both neonates underwent resection of 
the diverticulum and the attached intestinal 
segment, followed by intestinal anastomosis. 
Pathological examination of the resected 
diverticula revealed that both cases of diver-
ticula had intestinal wall structures, lined 
with intestinal mucosa, localized bleeding 
or necrosis. In addition, many inflammatory 
cells were infiltrated in the diverticula and 
partial muscular layer defect at the top of 
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the diverticula, but no ectopic tissue was observed. Both 
patients recovered after surgery and were discharged 
without complications. The patients were followed up for 
1.5 years and 0.5 years. Both patients had normal growth 
and development, no GI abnormalities occurred, and the 
prognosis was satisfactory.

Symptomatic MD is very rare in neonates, with only a 
few reported cases of MD perforation in neonates found 
in literature searches conducted over the past 5 years.1 3–8 
In this study, we report two cases of neonatal MD, both 
of which presented with GI perforation. SUA is one of 
the most common prenatal diagnoses in cases of fetal 
abnormality. Fetuses with SUA are at risk of increased 
chromosomal abnormalities and congenital malforma-
tions.9 10 The most widely accepted underlying explana-
tions for the cause of SUA include primary agenesis of 
one umbilical artery, subsequent thrombotic atrophy of 
one umbilical artery or persistence of the original single 
allantoic artery of the body stalk.2 SUAs can be either of 
the primary agenesis type or the later thrombotic atrophy 
type. Different types of SUAs have the same effect on 
embryonic development. Therefore, the causes and types 
of formation of SUA are not yet well understood, which 
can be further studied in the future.

This is the first report of MD perforation in neonates 
with SUA. The incidence of structural abnormalities in 
fetuses with SUA is higher, suggesting that there may be 
a relationship between SUA and MD formation; however, 
the precise mechanism involved remains unclear. Possible 
explanations may include abnormal degeneration of 
the yolk sac during early embryonic cord formation, or 
impaired maternal–fetal exchange due to SUA, which 
affects the growth and development of the fetal diges-
tive system. Perforation of MD is common in children 
and is mostly caused by inflammation. The perforation 
of MD in newborn is very rare, and we found from the 
pathology that the cause of this perforation was muscular 
defect, which is obviously different from the perforation 
mechanism of MD in children. However, we do not have 
clinical case data on whether the perforation of MD in 
neonates with SUA is different from that in neonates with 
non-SUA. Further studies can be conducted if more cases 
are found. Physicians should consider the possibility of 

Figure 1  Abdominal radiograph of the female patient in the 
upright position.

Figure 2  Intraoperative images of cases 1 (A) and 2 (B) show perforation of small intestinal diverticulum.
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MD perforation in cases of SUA in neonates with early 
digestive tract perforation. Some cases of neonatal MD 
perforation may be associated with local muscular layer 
defects in the diverticulum. Therefore, the perforation 
of MD in neonates may be related to the partial muscular 
layer defect in the diverticula.

Contributors  LZ—investigation, methodology, writing (original draft), and 
writing (review and editing). SW—investigation and methodology. XM—clinical 
data collection. YL—formal analysis and methodology. XY—formal analysis, 
investigation, and clinical data collection. ZG—conceptualization and supervision.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by 
the Medical Ethics Committee of Yiwu Maternity and Children Hospital, on March 
9, 2023 (approval number: 0000080). Participants gave informed consent to 
participate in the study before taking part.

Provenance and peer review  Not commissioned; internally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Lifeng Zhang http://orcid.org/0000-0002-0424-8543

Zhigang Gao http://orcid.org/0000-0003-0453-7959

REFERENCES
	 1	 Liaqat N, Mahomed A, Nayyar SI, et al. Perforated Meckel’s 

diverticulum in neonates: a report of six cases and systematic 
review of the literature. Ann Pediatr Surg 2022;18:18. 

	 2	 Gornall AS, Kurinczuk JJ, Konje JC. Antenatal detection 
of a single umbilical artery: does it matter Prenat Diagn 
2003;23:117–23. 

	 3	 McKelvie M, Soares-Oliveira M, Wang-Koh Y, et al. Beware the 
innocent presentation of a spontaneous perforated Meckel 
diverticulum: a rare case and review of the literature. Pediatr 
Emerg Care 2019;35:881–3. 

	 4	 Wang Y-J, Wang T, Xia S-L, et al. Perforation of Meckel'S 
diverticulum in a very low birth weight neonate with severe 
pneumoperitoneum and review of literature. Turk J Pediatr 
2019;61:1985:460–5:. 

	 5	 Bindi E, Cruccetti A, Ilari M, et al. Meckel’s diverticulum 
perforation in a newborn positive to Sars-Cov-2. J Pediatr Surg 
Case Rep 2020;62:101641. 

	 6	 Charki MT, Abdellaoui H, Andaloussi S, et al. Congenital 
fistulisation of Meckel’s diverticulum in omphalocele SAC: case 
report. Pan Afr Med J 2019;32:20. 

	 7	 Louati H, Zouari M, Jallouli M, et al. Perforated Meckel’s 
diverticulum causing intussusception in a neonate. J Neonatal 
Surg 2017;6:73. 

	 8	 Lodhia J, Shadrack M, Msuya D, et al. Perforated Meckel’s 
diverticulum in omphalocele in a newborn: a case report of an 
uncommon presentation from northern Tanzania. Int J Surg Case 
Rep 2021;85:106246. 

	 9	 Arcos-Machancoses JV, Marín-Reina P, Romaguera-Salort E, et al. 
Postnatal development of fetuses with a single umbilical artery: 
differences between malformed and non-malformed infants. 
World J Pediatr 2015;11:61–6. 

	10	 Ebbing C, Kessler J, Moster D, et al. Single umbilical artery and 
risk of congenital malformation: population-based study in 
Norway. Ultrasound in Obstet & Gyne 2020;55:510–5. 

 on A
pril 29, 2025 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2024-000770 on 8 M

ay 2024. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0424-8543
http://orcid.org/0000-0003-0453-7959
http://dx.doi.org/10.1186/s43159-021-00154-z
http://dx.doi.org/10.1002/pd.540
http://dx.doi.org/10.1097/PEC.0000000000001993
http://dx.doi.org/10.1097/PEC.0000000000001993
http://dx.doi.org/10.24953/turkjped.2019.03.025
http://dx.doi.org/10.1016/j.epsc.2020.101641
http://dx.doi.org/10.1016/j.epsc.2020.101641
http://dx.doi.org/10.11604/pamj.2019.32.20.15010
http://dx.doi.org/10.21699/jns.v6i3.568
http://dx.doi.org/10.21699/jns.v6i3.568
http://dx.doi.org/10.1016/j.ijscr.2021.106246
http://dx.doi.org/10.1016/j.ijscr.2021.106246
http://dx.doi.org/10.1007/s12519-014-0471-3
http://dx.doi.org/10.1002/uog.20359
http://wjps.bmj.com/

	Effect of allergic bronchopulmonary aspergillosis on FEV﻿1﻿ in children and adolescents with cystic fibrosis: a European Cystic Fibrosis Society Patient Registry analysis
	Patients and methods
	Patients included and definitions of variables
	Spirometry
	Primary outcome measures and explanatory variables
	Data analysis

	Results
	Participant characteristics
	Effect of ABPA on FEV﻿1﻿ percent predicted values adjusted for other explanatory variables


	Perforation of Meckel’s diverticulum in two neonates with single umbilical artery
	References


