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Annotation: Congenital hepatic hypoplasia, or liver hypoplasia, refers to a rare
developmental anomaly characterized by an underdeveloped hepatic parenchyma. This
condition may affect the entire liver or be confined to one lobe (typically the left lobe),
leading to asymmetry and potential functional compromise. Although it is often
asymptomatic and discovered incidentally during imaging or autopsy, hepatic hypoplasia
may also present clinically with portal hypertension, hepatopulmonary syndrome, or be
associated with other congenital malformations. A thorough understanding of the
embryological, anatomical, and pathological features of hepatic hypoplasia is crucial for
early diagnosis, surgical planning, and differential diagnosis from more severe conditions
such as hepatic agenesis or atrophy secondary to vascular insults.
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Introduction

Congenital hepatic hypoplasia, or underdevelopment of liver tissue, represents a rare
congenital anomaly of the hepatobiliary system with significant anatomical and clinical
implications. It is characterized by a reduction in size, mass, and sometimes function of a
hepatic lobe or, more rarely, the entire liver. Unlike hepatic agenesis, where liver tissue is
completely absent, hypoplasia refers to a partial failure of liver development with preserved,
albeit reduced, hepatic parenchyma. The condition may go unnoticed for years due to a lack
of symptoms or may manifest in early life depending on the severity of underdevelopment
and the presence of associated malformations.

Embryologically, the liver originates from the hepatic diverticulum, which arises from the
foregut endoderm around the third to fourth week of gestation. Hepatic tissue development
is a highly orchestrated process involving complex interactions between signaling molecules
(such as fibroblast growth factors and bone morphogenetic proteins), transcription factors
(e.g., HNF1, PROX1), and vascular remodeling. Any disturbance in this tightly regulated
process — including disrupted blood supply, genetic mutations, or mechanical compression
— can lead to incomplete hepatic morphogenesis, resulting in hypoplasia. Such
developmental errors can be isolated or syndromic, especially in the context of visceral
heterotaxy, biliary atresia, congenital heart defects, or polysplenia syndrome.

From an anatomical standpoint, hepatic hypoplasia most commonly affects the left lobe of
the liver, with the right lobe compensatorily hypertrophied, maintaining overall liver
function. Total hepatic hypoplasia is exceedingly rare and typically incompatible with life
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unless a segment of functional hepatic parenchyma persists. In some cases, segmental
hypoplasia may mimic acquired atrophy due to portal vein thrombosis, making differential
diagnosis via imaging and clinical history essential.

Clinically, hepatic hypoplasia may present with vague symptoms such as abdominal
discomfort, hepatomegaly, or be entirely asymptomatic. However, in more severe cases or
when associated anomalies are present, it can lead to portal hypertension, biliary
obstruction, or hepatopulmonary syndrome. For pediatric patients, early detection is
critical, as some cases may benefit from surgical correction or careful monitoring to avoid
complications.

The diagnosis of hepatic hypoplasia has evolved significantly with the advent of advanced
imaging modalities such as ultrasound, CT, MRI, and MRCP, which allow detailed
evaluation of liver morphology, vascular architecture, and biliary anatomy. Furthermore, in
the context of liver transplantation and hepatobiliary surgery, recognition of such congenital
anomalies is vital to avoid intraoperative complications and to optimize graft planning.

Despite its rarity, hepatic hypoplasia is of increasing interest to clinicians, radiologists, and
anatomists due to its subtle presentation, potential for misdiagnosis, and embryological
intrigue. A comprehensive understanding of its anatomical characteristics, embryologic
origins, clinical significance, and imaging features is essential to guide accurate diagnosis
and management.

Therefore, the present study aims to provide a multidisciplinary overview of congenital
hepatic hypoplasia, focusing on its anatomical and embryological foundations, radiologic
features, clinical implications, and the importance of differentiating it from more severe
hepatic pathologies such as agenesis, segmental atrophy, or cirrhosis.

Materials and Methods

This study is based on a descriptive review of current literature, supplemented by analysis of
radiographic and histological data from documented clinical cases. Primary sources included
peer-reviewed publications from PubMed, Scopus, and clinical case reports. Anatomical
understanding was informed by standard hepatobiliary texts and imaging atlases.
Radiological investigations such as ultrasound, CT (computed tomography), MRI (magnetic
resonance imaging), and Doppler ultrasonography were reviewed to understand imaging
characteristics. In cases where liver biopsy was performed, histological findings were
analyzed to differentiate hypoplasia from atrophic or fibrotic liver changes.

Results

Hepatic hypoplasia is most frequently unilateral, with a predilection for the left lobe, and is
often associated with compensatory hypertrophy of the right lobe. Total hepatic hypoplasia
is exceedingly rare and usually incompatible with life unless accompanied by functional
hepatic tissue preservation. Anatomically, hypoplastic livers show reduced volume and mass,
abnormal lobar architecture, and sometimes associated hypoplasia of the hepatic artery or
portal vein branches.
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Radiologically, hypoplasia is identified by a small liver or lobe with smooth contours,
absence of mass effect, and preserved parenchymal texture. The right lobe may appear
enlarged to compensate for the volume loss. MRI and CT may reveal segmental absence or
reduction in portal vein branches, helping differentiate hypoplasia from acquired atrophy.
Doppler ultrasound may show altered hepatic blood flow patterns, particularly if vascular
anomalies coexist.

Clinically, hepatic hypoplasia is often asymptomatic, but in symptomatic cases, patients may
present with signs of portal hypertension (splenomegaly, varices), recurrent infections, or
respiratory symptoms if hepatopulmonary syndrome is present. Some cases are associated
with syndromic conditions such as polysplenia, situs inversus, or congenital heart defects.

Histologically, the liver parenchyma in hypoplasia demonstrates normal hepatocyte
morphology but reduced lobular organization and vascular structures. No evidence of
inflammation, fibrosis, or regenerative nodules is typically observed, distinguishing it from
cirrhosis or chronic hepatitis.

Discussion

The embryogenesis of the liver begins in the third to fourth week of gestation from the
hepatic diverticulum, which interacts with the septum transversum and vitelline veins.
Disruption in these interactions, possibly due to genetic or vascular anomalies, may result in
hypoplasia. Unlike hepatic agenesis, which denotes complete absence, hypoplasia implies
partial development with some functional tissue present.

Differential diagnosis includes hepatic agenesis, segmental atrophy (e.g., post-thrombotic
changes), and lobar hypoperfusion secondary to congenital vascular anomalies. Imaging
plays a vital role in establishing the diagnosis, guiding further management, and
distinguishing benign developmental anomalies from pathological conditions requiring
intervention.

Surgical intervention is rarely indicated unless complications such as portal hypertension or
tumorigenesis occur. In such cases, resection or shunt procedures may be considered.
Prenatal diagnosis is possible with advanced fetal imaging, allowing multidisciplinary
counseling and management planning.

Recent studies have also highlighted the importance of hepatic volume assessment in
preoperative planning for liver transplantation, especially in living donors, where anatomical
variants like lobar hypoplasia can impact graft suitability.

Conclusion

Congenital hepatic hypoplasia is a rare yet clinically significant anatomical anomaly that
may be discovered incidentally or present with serious complications. A clear understanding
of its embryological basis, radiological features, and clinical associations is essential for
accurate diagnosis and management. Advanced imaging and histological correlation allow
differentiation from more serious pathological entities, thus preventing unnecessary
interventions. Ongoing research into hepatic developmental biology and vascular anatomy
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may further elucidate the etiopathogenesis of this condition and improve diagnostic
precision in both pediatric and adult populations.
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