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Abstract

Introduction: Meconium ileus (MI) is often the earliest clinical sign of cystic fibrosis
(CF), caused by intestinal obstruction due to thickened meconium from CFTR dysfunction. Ml
is commonly associated with severe CFTR mutations (classes I-111), which impair chloride and
bicarbonate transport.

Case report: We report a retrospective case series of six neonates with Ml, diagnosed
with CF at Pediatric CF Center at University Children’s Clinic, Skopje, over the last eight
years. During this period, newborn bloodspot screening (NBS) program for CF was conducted,
based on two sequential measurements of immunoreactive trypsinogen (IRT) and IRT-IRT
protocol. All infants presented with early intestinal obstruction requiring surgical intervention,
including enterotomy and ileostomy. Postoperative care included pancreatic enzyme therapy
and nutritional support. CF diagnosis was confirmed via sweat chloride testing and genetic
analysis, which showed a predominant presence of the F508del mutation in homozygous or
compound heterozygous forms. Despite timely surgical intervention, three infants experienced
severe complications and early mortality. It is noteworthy that one of these cases had false-
negative NBS result, highlighting limitations of the IRT-IRT protocol in MI cases. The
remaining patients showed varied recovery and nutritional outcomes.

Conclusions: Ml is a known cause of false-negative results in CF NBS, as IRT levels
may be low in affected neonates. Therefore, any newborn presenting with MI should be
presumed to have CF until proven otherwise. Confirmation requires sweat chloride testing and
genetic analysis. These findings support the need for revised CF NBS protocols in all Ml cases
to ensure timely diagnosis and management.
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Introduction

Cystic fibrosis (CF) is a life-threatening autosomal recessive disorder caused by
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene located on
the long arm of chromosome 7. This gene encodes the CFTR protein, a chloride and bicarbonate
channel expressed on epithelial surfaces. Dysfunction or deficiency of CFTR protein disrupts
salt and water regulation, leading to thickened secretions and progressive damage in organ
systems where fluid transport is essential™2].

CF is a multisystem disease with variable clinical presentation. The respiratory system
is most commonly affected, resulting in chronic bronchiectasis, recurrent sinusitis, and progressive
pulmonary insufficiency. Lung disease is the most important reason for morbidity and mortality
in people with CF (,wCF). Pancreatic involvement includes exocrine insufficiency with
malabsorption and endocrine dysfunction leading to CF-related diabetes. Gastrointestinal
complications range from meconium ileus (MI) in neonates to distal intestinal obstruction
syndrome and biliary liver disease. The reproductive system is also impacted, with congenital
bilateral absence of the vas deferens in males and reduced fertility in females. Electrolyte
imbalances and metabolic disturbances further contribute to morbidity®l.

Newborn screening (NBS) has become a cornerstone of early CF diagnosis, enabling
timely initiation of multidisciplinary care and preventive treatment. Advances in molecular
diagnostics, nutritional support, and mutation-specific therapies, such as CFTR modulators,
have significantly improved survival and quality of life*®l,

One of the earliest and most specific manifestations of CF is meconium ileus, a neonatal
intestinal obstruction caused by abnormally thick meconium in the terminal ileum. Ml is strongly
associated with severe CFTR mutations, particularly F508del, and is considered a clinical
hallmark of CF in infancyl®l. The pathophysiology involves impaired bicarbonate secretion,
acidic intestinal environment, and dehydrated mucus, resulting in mechanical obstruction. Ml
may present as “simple” (isolated obstruction) or “complicated” (associated with perforation,
volvulus, or meconium peritonitis)t-*,

Despite advances in prenatal diagnostics and surgical techniques, MI remains a clinical
challenge due to its variable presentation and the genetic heterogeneity of CF. Moreover, Ml
can lead to false-negative results in IRT-based CF screening protocols, as IRT levels may be
paradoxically low in affected neonates. Therefore, any newborn presenting with MI should be
presumed to have CF until confirmed otherwise through sweat chloride testing and/or CFTR
genetic analysis%*2,

This study presents a case series of neonates with Ml and confirmed CF in North
Macedonia, highlighting diagnostic challenges within the national IRT-IRT screening protocol
and emphasizing the need for revised strategies to ensure early and accurate diagnosis.

Case report

This retrospective case series included six neonates with Ml as the first manifestation
of CF, diagnosed during the national screening program in North Macedonia that was
introduced in 2019, after one year pilot study™3l. Data from the medical records included NBS
results, CFTR mutation profile, prenatal ultrasound findings, sweat chloride levels, gestational
age and birth weight, age at surgical intervention, and survival outcome (Table 1).
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Table 1. Characteristics of patients

AR Sweat
Case Genotype MUERE G 4 GA & BW | Chloride
Class IRT2
Test
ng/mi
Class Il / 38 GA,
1 F508del /F508del Class |1 88.1/63.2 2680 g 85 mmol/L
Class Il / 40 GA,
2 F508del/4A57TTAT>G Class | 40.6 3050 g 110 mmol/L
Class Il / 39 GA,
3 F508del / N1303K Class || 58.1 3560 g 76 mmol/L
Class Il / 37 GA,
4 F508del /621+1G>T Class | 185.8 2250 g 80 mmol/L
Class Il / 26 GA,
5 F508del / G542X Class | 41.9 2180 g 83 mmol/L
Class Il /]113.7 /|41 GA,
6 F508del / F508del Class 11 263.8 3160 g 75 mmol/I

Immunoreactive trypsinogen (IRT), Gestational Age (GA), & Birth Weight (BW).

The patient cohort predominantly exhibited genotypes involving the F508del mutation,
including homozygous and compound heterozygous. All patients presented with intestinal
obstruction within the first days of life, requiring prompt surgical intervention. Surgical approaches
included enterotomy with meconium evacuation and temporary ileostomy formation in severe
cases. Postoperative management was standardized and included pancreatic enzyme replacement
therapy, aggressive nutritional support with specialized formula feeding, and fat-soluble vitamin
supplementation to address malabsorption. Follow-up included monitoring for postoperative
complications such as anastomotic leaks, sepsis, electrolyte imbalances, and the timing of
ileostomy closure. Sweat chloride testing in all cases yielded values above diagnostic thresholds
(>60 mmol/L), and CF was confirmed through genetic testing. Notably, three of the neonates
had false-negative NBS results (cut-off value: IRT1 <70 ng/ml at 36-48 hours after birth, IRT2
<45 ng/ml at 21% day after birth). Two neonates, despite timely surgical and medical interventions,
experienced poor postoperative recovery and died due to severe complications within the first
year of life, at five and nine months, respectively. The remaining patients had variable recovery
trajectories, with differences in hospital stay duration and nutritional outcomes. Prenatal diagnosis
was made in two cases, highlighting the need for improved prenatal screening strategies in
high-risk pregnancies.

Discussion

This case series underscores the diagnostic and management challenges associated with
meconium ileus as an early and often severe presentation of cystic fibrosis. Meconium ileus
remains one of the most specific neonatal signs of CF and typically necessitates surgical
intervention within the first days of life. In our cohort, all patients required surgery, emphasizing
the urgency and severity of this presentation.

The predominance of F508del-associated genotypes in this cohort aligns with established
genotype-phenotype correlations in CF, particularly those linked to severe disease. Most
patients were either homozygous for F508del or compound heterozygotes with another class I-
Il mutation, consistent with literature indicating that Ml is more common in patients with
minimal or absent CFTR function®4],

A significant observation was the occurrence of false-negative NBS results in three
patients. This is a well-documented phenomenon in Ml cases, likely due to reduced levels of
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IRT caused by prenatal pancreatic destruction or dilution from thick meconium. This finding
supports existing recommendations that all newborns with Ml should be presumed to have CF
until proven otherwise, with diagnostic confirmation via sweat chloride testing and/or CFTR
mutation analysis, irrespective of NBS resultst0-12],

Postoperative outcomes varied. Two infants died from severe complications, highlighting
the vulnerability of this patient group, even with timely diagnosis and adherence to standard of
care. These outcomes emphasize the importance of multidisciplinary approach involving pediatric
surgeon, neonatologist, gastroenterologist, and CF subspecialists. The lack of prenatal diagnosis
in all but two cases underscores the need to enhance prenatal detection strategies, especially in
at-risk families. Although prenatal genetic testing is not routine in many settings, greater
awareness and accessibility could allow for earlier diagnosis and improved postnatal planning.

Nutritional management is vital in CF patients with MI due to pancreatic insufficiency-
related malabsorption. Our approach involved early initiation of pancreatic enzyme replacement,
high-calorie formula feeds, and fat-soluble vitamin supplementation, implemented consistently
in patients. Overall, this case series reinforces the need for immediate CF evaluation in any
neonate presenting with MI, regardless of NBS results. Timely surgical intervention, clinical
vigilance, and standardized multidisciplinary postoperative care are critical to improve outcomes
in this high-risk group.

Conclusions

MI is suspected if a baby fails to pass meconium shortly after birth and develops
symptoms of bowel obstruction, such as distention of the abdomen or vomiting. MI must be
treated immediately to prevent complications such as bowel perforation, a twisting of the
bowel, or inflammation and infection of the abdominal cavity. All babies with MI should be
tested for CF because more than 90 percent of full-term babies with M1 have CF. Ml is a known
cause of false-negative results in CF NBS, as IRT levels may be low in affected neonates.
Therefore, any newborn presenting with MI should be presumed to have CF until proven
otherwise. Confirmation requires sweat chloride testing and/or CFTR genetic analysis. These
findings support the need for revised CF NBS protocols in all Ml cases to ensure timely
diagnosis and management.
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