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Abstract 
Necrotizing enterocolitis (NEC) and multicystic dysplastic kidney (MCDK) are major 
neonatal disorders characterized by distinctive yet sometimes overlapping patterns of 
tissue injury and disorganization on histology.,, NEC shows a progression from 
mucosal injury and edema to transmural coagulative necrosis, pneumatosis intestinalis, 
and perforation, reflecting severe intestinal ischemia and bacterial invasion.,, MCDK, 
in contrast, is defined by disorganized renal architecture with primitive ducts 
surrounded by mesenchymal collars, cyst formation, and frequent cartilage or other 
heterologous elements, representing a developmental arrest of nephron 
differentiation.,, This narrative article compares the key morphologic features, grading 
systems, and clinicopathological implications of NEC and MCDK, highlighting how 
microscopic patterns can guide diagnosis, prognostication, and surgical 
decision‑making in neonates and infants.,,,,, Understanding these differences is 
essential for pathologists and pediatric surgeons who must distinguish irreversible 
necrotic injury from potentially involuting developmental anomalies. 
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Introduction 
Necrotizing enterocolitis is a leading cause of gastrointestinal morbidity and mortality 
in premature infants and is typified histologically by inflammation, ischemia, and 
progressive transmural necrosis of the intestinal wall.,, The characteristic sequence 
includes mucosal edema, epithelial sloughing, bacterial invasion, and variable degrees 
of necrosis culminating in perforation and peritonitis in severe cases., In contrast, 
multicystic dysplastic kidney represents one of the most frequent causes of chronic 
kidney failure in children and is a prototypical maldevelopment of the metanephric 
kidney, in which nephron differentiation is arrested and renal architecture is profoundly 
disturbed.,, Histologically, MCDK shows primitive ducts with fibromuscular collars, 
lobar disorganization, cysts, loose mesenchymal stroma, and often cartilage or bone, 
all of which differentiate it from polycystic kidney disease and other cystic renal 
neoplasms.,,[1][2][3][4][5][6] 
From a surgical pathology standpoint, both NEC and MCDK are frequently 
encountered in neonatal and pediatric practice and require accurate morphologic 
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interpretation to support critical management decisions.,,,, NEC resections must be 
evaluated not only for the extent and grade of injury but also for viability of surgical 
margins, whereas MCDK specimens, when removed, are examined primarily to 
confirm the diagnosis and exclude alternative entities that might mandate different 
follow‑up.,,,, This article aims to juxtapose the histopathological patterns, grading 
schemes, and clinicopathological correlates of NEC and MCDK, emphasizing how 
morphology underpins clinical decision‑making in pediatric surgery and 
nephrology.,,,,,[2][3][4][5][6][1] 
Methods 
This narrative review was structured around peer‑reviewed original articles and 
reviews focusing on the histopathology and morphology of NEC and MCDK in 
neonatal and pediatric populations.,,,,, Literature was selected based on relevance to 
gross and microscopic features, grading systems, and clinicopathological correlations, 
with preference for comprehensive series, autopsy studies, and experimental models 
that provided detailed morphologic descriptions.,,,,, Key morphologic descriptors were 
extracted and synthesized qualitatively, and comparative tables were constructed to 
highlight differences in pattern of injury, tissue components, and implications for 
prognosis and management. 
Results 
Gross and Microscopic Morphology of Necrotizing Enterocolitis 
In NEC, the affected bowel segments are typically distended, friable, and variably 
hemorrhagic, often with patchy involvement alternating with relatively preserved 
areas., On gross inspection, serosal dullness, focal or multifocal dark discoloration, and 
areas of thinning or perforation may be observed, sometimes accompanied by fibrinous 
exudates consistent with peritonitis., Radiologically and pathologically, pneumatosis 
intestinalis reflects the presence of gas within the bowel wall, correlating with 
microperforation and bacterial gas production within necrotic or severely injured 
tissue.[2][4] 
Microscopically, early NEC is characterized by mucosal edema, congestion, and an 
acute inflammatory infiltrate in the lamina propria and submucosa, with sloughing of 
villus tips and surface epithelium., Progression results in mid‑villus necrosis, loss of 
villi, and coagulative necrosis extending through the full thickness of the wall, 
accompanied by bacterial overgrowth and submucosal gas bubbles., Experimental 
models reproduce this spectrum, from grade 0 intact mucosa to grade 4 complete 
destruction of the mucosa and muscularis, thereby mirroring the human disease and 
providing a semi‑quantitative framework for grading severity. Ultimately, 
full‑thickness necrosis with perforation, bacterial translocation, and peritoneal 
contamination defines the most advanced stage, correlating with poor clinical 
outcomes and the need for extensive resection.,,[4][6][2] 
Gross and Microscopic Morphology of Multicystic Dysplastic Kidney 
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MCDK usually presents grossly as an enlarged, irregularly lobulated kidney replaced 
almost entirely by multiple non‑communicating cysts of variable size, with little or no 
intervening normal parenchyma.,, The renal capsule may be intact, but the 
corticomedullary distinction is lost, and a normal pelvicalyceal system is often absent 
or rudimentary, reflecting the profound architectural disorganization., In some cases, 
autoinvolution leads to a small, contracted, nonfunctional kidney, which may be 
detected incidentally or removed because of clinical suspicion for other 
pathology.[1][3][5] 
On histology, the defining feature of renal dysplasia is the presence of primitive ducts 
or tubules surrounded by collarettes of fibromuscular or immature mesenchymal tissue, 
often distributed within a disorganized cortex and medulla., Cysts arise from these 
abnormal ducts or collecting structures and may be lined by flattened, cuboidal, or 
columnar epithelium, or may lack a discernible epithelial lining, depending on the 
degree of degeneration.,, Additional elements such as islands of cartilage, osteoid or 
bone formation, nerve twigs, and foci of extramedullary hematopoiesis appear in 
varying proportions, underscoring the aberrant differentiation of metanephric 
blastema.,, Residual normal glomeruli or parenchyma, when present at the periphery, 
help confirm the renal origin but are typically sparse.[3][5][1] 
Table 1. Morphologic spectrum and grading of injury in NEC versus MCDK 
Feature Necrotizing enterocolitis 

(NEC) 
Multicystic dysplastic kidney 
(MCDK) 

Typical 
organ 
involved 

Small and large intestine, most 
often terminal ileum and 
proximal colon[2],[4] 

Kidney, usually unilateral and 
more often left sided in many 
series[1] 

Gross 
appearance 

Distended, hemorrhagic bowel 
with patchy necrosis, 
pneumatosis, and possible 
perforation; serosal dullness 
and exudate[2],[4] 

Enlarged or involuted kidney 
replaced by multiple 
non‑communicating cysts, loss of 
corticomedullary distinction, 
dysplastic parenchyma[1],[3],[5] 

Earliest 
microscopic 
change 

Mucosal edema, congestion, 
sloughing of villus tips, lamina 
propria inflammation[2],[4] 

Disorganized nephron 
differentiation with primitive ducts 
within immature mesenchyme, 
early cyst formation[3],[5] 

Progression 
of injury 

Mid‑villus necrosis → loss of 
villi → transmural coagulative 
necrosis with bacterial 
invasion and submucosal gas 
bubbles[2],[4] 

Increasing cystic change, 
persistence of primitive structures, 
heterologous elements (cartilage, 
bone), with little normal 
parenchyma[1],[3],[5] 

Grading 
schemes 

Histologic scales from grade 0 
(intact) to grade 4 (complete 
mucosal destruction), or 
full‑thickness necrosis 

No standard numeric grade; 
diagnosis based on qualitative 
presence of dysplastic elements 
and degree of architectural 
disorganization[1],[3],[5] 
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involving muscularis and 
serosa[2] 

End‑stage 
morphology 

Transmural necrosis, 
perforation, peritonitis, and 
fibrosis in healing areas[2],[4] 

Severely dysplastic kidney with 
almost complete replacement by 
cysts and dysplastic tissue; 
autoinvolution may yield a small 
fibrotic remnant[1],[5] 

 
Table 2. Key microscopic components and diagnostic clues in NEC and MCDK 
Microscopic 
component 

NEC: presence and 
significance 

MCDK: presence and 
significance 

Epithelium Intestinal epithelium shows 
sloughing, regeneration, and 
ultimately loss with necrosis; 
regenerative epithelium may be 
seen at viable margins[2],[4] 

Cyst epithelium may be cuboidal, 
columnar, flattened, or absent; 
primitive tubules lined by 
immature epithelial cells are 
characteristic[1],[3],[5] 

Stroma / 
mesenchyme 

Submucosal and muscular 
edema, inflammatory exudate, 
and later granulation tissue and 
fibrosis in healing areas[2],[4] 

Immature mesenchymal stroma 
forming collarettes around 
primitive ducts; loose 
mesenchyme common, 
sometimes with nerve twigs[3],[5] 

Vessels and 
hemorrhage 

Congestion, hemorrhage, and 
vascular thrombosis 
accompany ischemia; 
microperforation with gas in 
wall and vessels correlates with 
pneumatosis[2],[4] 

Vascular changes are 
nonspecific; extramedullary 
hematopoiesis may be extensive 
within dysplastic parenchyma[3] 

Heterologous 
elements 

Absent; presence would 
suggest alternative diagnosis 
such as teratoma 

Cartilage islands frequent, with 
occasional bone or osteoid, 
representing aberrant 
differentiation of metanephric 
blastema[1],[3],[5] 

Inflammation Prominent acute inflammation 
involving mucosa, submucosa, 
and deeper layers in advanced 
stages; bacterial overgrowth 
typical[2],[4],[6] 

Inflammation generally mild or 
absent; chronic changes may be 
seen but are not defining 
features[1],[3],[5] 

Diagnostic sine 
qua non 

Pattern and extent of mucosal 
and transmural necrosis in the 
clinical setting of prematurity 
and abdominal signs[2],[4],[6] 

Primitive ducts with 
fibromuscular collars within 
disorganized renal architecture 
and cysts, often with 
cartilage[3],[5] 

 
Discussion 
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NEC and MCDK illustrate two fundamentally different paradigms of pediatric 
pathology: an acquired, rapidly progressive necrotic process in the premature intestine 
and a congenital, developmental disorder of renal morphogenesis.,,,,, The temporal 
evolution of NEC—from mucosal edema and villus tip sloughing to transmural 
necrosis and perforation—reflects a convergence of inflammatory, ischemic, and 
microbial insults on a structurally and immunologically immature gut.,, In contrast, the 
static but heterogeneous architecture of MCDK, with primitive ducts, mesenchymal 
collars, and heterologous elements, records a failure of normal ureteric bud–
metanephric blastema interaction during organogenesis.,, These contrasting 
mechanisms are mirrored in the histologic patterns, which must be interpreted 
alongside gestational age, imaging, and clinical course.[1][2][3][4][5][6] 
From a diagnostic standpoint, the presence of primitive ducts surrounded by a 
fibromuscular collar is considered pathognomonic for renal dysplasia and allows 
distinction from entities such as cystic nephroma, cystic partially differentiated 
nephroblastoma, and hereditary polycystic kidney disease.,, Similarly, the recognition 
of graded mucosal and transmural necrosis in NEC, especially when correlated with 
radiologic features like pneumatosis intestinalis, helps differentiate it from other causes 
of neonatal intestinal perforation, such as spontaneous intestinal perforation or 
volvulus.,, The tables presented here emphasize that while both conditions may show 
cystic or cavitary structures and necrosis, the tissue context—intestinal versus renal, 
inflammatory versus developmental—is critical. Misclassification may lead to 
unnecessary surgery in MCDK or underestimation of disease extent in NEC with dire 
consequences.,,,,[2][3][4][5][6][1] 
Clinically, morphology also informs prognosis and management strategies. In NEC, 
histologic assessment of resected bowel and of margins can guide the extent of 
resection and may correlate with short‑term complications such as strictures and 
long‑term sequelae like short bowel syndrome.,, In MCDK, recognition that many 
dysplastic kidneys undergo autoinvolution has shifted management toward 
conservative follow‑up in selected unilateral cases, reserving nephrectomy for 
symptomatic lesions, diagnostic uncertainty, or associated anomalies., Moreover, 
detailed histologic characterization of renal dysplasia has implications for counseling 
about bilateral disease and the risk of chronic kidney failure in surviving children.,, 
Together, these perspectives underscore the central role of careful morphologic 
evaluation in individualized care pathways for neonates and infants with these 
conditions.[3][4][5][6][1][2] 
An additional implication of comparing NEC and MCDK is the opportunity to refine 
grading and classification systems using shared conceptual frameworks. For NEC, 
semi‑quantitative grading of intestinal injury in experimental models parallels clinical 
histology and could be harmonized to improve cross‑study comparability and 
therapeutic decision‑making., For MCDK, while no universally accepted numeric 
grading exists, systematic documentation of primitive elements, cyst burden, and 
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residual parenchyma may help predict the likelihood of autoinvolution and inform 
imaging surveillance algorithms.,, Future work integrating histopathology with 
molecular profiling—for example, inflammatory signaling pathways in NEC or 
developmental gene expression in MCDK—may further elucidate pathogenesis and 
reveal novel biomarkers that complement traditional morphology.,,,,,[4][5][6][1][2][3] 
Conclusion 
NEC and MCDK share prominence in neonatal and pediatric practice yet embody 
distinct morphologic archetypes: catastrophic intestinal necrosis versus developmental 
renal dysplasia.,,,,, Careful assessment of gross and microscopic features—ranging 
from graded mucosal injury and transmural necrosis in NEC to primitive ducts, 
mesenchymal collars, and heterologous elements in MCDK—enables accurate 
diagnosis, appropriate surgical planning, and prognostic counseling. By contrasting 
these entities in structured morphologic tables, this article highlights how the 
architecture and cellular composition of diseased tissues encode both pathogenesis and 
clinical trajectory, offering a powerful tool for pediatric pathologists and surgeons 
striving to optimize outcomes in vulnerable infants. 
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