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ABSTRACT 

	Background: Thoraco-omphalopagus conjoined twins present extreme surgical and ethical complexity due to shared thoracoabdominal structures, most notably the liver and chest wall. While hepatic separation has been widely emphasized, the role of chest wall reconstruction as a determinant of postoperative physiological viability remains underreported.
Case Presentation: We report a case of thoraco-omphalopagus conjoined twins diagnosed antenatally and managed at a tertiary referral center. Postnatal evaluation revealed a shared sternum, contiguous rib cage, common diaphragm, and extensively fused liver with complex vascular interconnections, complicated by neonatal pneumonia. Advanced imaging, including contrast-enhanced computed tomography and CT angiography, was used to assess anatomical and functional feasibility. Multidisciplinary evaluation integrated pediatric surgery, hepatobiliary surgery, radiology, neonatology, intensive care, and clinical ethics. Surgical planning prioritized stabilization, resolution of infection, preservation of hepatic vascular supply, and chest wall reconstruction to ensure postoperative respiratory stability. Ethical deliberation was conducted early to address proportionality of intervention and anticipated quality of life.
Conclusion: This case underscores the necessity of reframing thoraco-omphalopagus twin separation as a process of structural and physiological integration rather than isolated organ division. A chest wall–centered, ethically informed, multidisciplinary approach may improve feasibility assessment and guide decision-making in these exceptionally rare and high-risk cases.
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1. INTRODUCTION 

Thoraco-omphalopagus conjoined twins represent one of the most complex and rare congenital anomalies encountered in pediatric surgery, accounting for a substantial proportion of conjoined twin cases while posing disproportionately high anatomical, physiological, and ethical challenges [¹]. This subtype is characterized by fusion at the thorax and upper abdomen, frequently involving shared structures such as the sternum, diaphragm, liver, and, in some cases, components of the cardiovascular system, rendering surgical separation technically demanding and prognostically uncertain [²].
Among the shared organs, hepatic fusion is almost universal in thoraco-omphalopagus twins and constitutes a major determinant of surgical feasibility and outcome [³]. The degree of parenchymal fusion, vascular interconnection, and biliary anatomy variability necessitate meticulous preoperative evaluation, as inadequate hepatic partitioning may result in catastrophic hemorrhage, postoperative liver failure, or long-term morbidity [³,⁴]. Advances in cross-sectional imaging, including contrast-enhanced computed tomography, magnetic resonance imaging, and three-dimensional reconstruction, have significantly improved anatomical delineation and operative planning; however, these technologies alone do not eliminate intraoperative risk [⁴].
Beyond visceral separation, reconstruction of the chest wall represents an equally critical yet often underemphasized component of thoraco-omphalopagus twin separation [⁵]. Shared sternum, ribs, and anterior chest wall soft tissues create substantial challenges in achieving stable thoracic integrity, adequate respiratory mechanics, and acceptable long-term functional and cosmetic outcomes [⁵,⁶]. Failure to adequately address chest wall reconstruction may lead to respiratory compromise, paradoxical chest wall motion, prolonged ventilatory support, and secondary morbidity, particularly in the neonatal and early infant periods [⁶].
Despite the recognized importance of chest wall integrity, the literature remains predominantly focused on organ separation, with limited detailed discussion of chest wall–centered reconstructive strategies, especially in the context of concurrent hepatic separation [⁷]. Surgical approaches to chest wall reconstruction often rely on extrapolation from abdominal wall reconstruction principles, including staged closure, use of prosthetic or biologic materials, and tension-minimizing techniques; however, standardized strategies specific to thoraco-omphalopagus twins are lacking [⁷,⁸]. This gap underscores the need for case-based evidence that integrates visceral and musculoskeletal reconstruction as a unified surgical objective.
In parallel with technical complexity, thoraco-omphalopagus twin separation is intrinsically associated with profound ethical challenges [⁹]. Decisions regarding timing of separation, acceptability of surgical risk, and potential asymmetry in outcomes between twins demand careful ethical deliberation grounded in the principles of beneficence, non-maleficence, proportionality, and surrogate decision-making [⁹,¹⁰]. These considerations are further amplified in scenarios involving active infection, cardiopulmonary compromise, or uncertainty regarding postoperative quality of life.
Effective management of thoraco-omphalopagus twins therefore necessitates a truly multidisciplinary approach, integrating pediatric surgery, hepatobiliary expertise, anesthesiology, radiology, neonatology, intensive care, and clinical ethics [¹,¹⁰]. Multidisciplinary collaboration enables balanced decision-making that aligns technical feasibility with ethical responsibility, particularly when operative intervention carries significant risk for one or both twins.
This case report aims to present a comprehensive multidisciplinary approach to thoraco-omphalopagus twin separation, with particular emphasis on chest wall and hepatic reconstruction strategies integrated within an ethical decision-making framework. By detailing the anatomical challenges, reconstructive considerations, and ethical deliberations encountered, this report seeks to contribute clinically relevant insights to an area where standardized guidance remains limited.

2. Case presentation

Patient Information
The patients were thoraco-omphalopagus conjoined twins delivered at term to a primigravida mother following an otherwise uneventful pregnancy. The diagnosis of conjoined twinning was established during routine second-trimester antenatal ultrasonography. There was no history of maternal infection, chronic illness, teratogenic drug exposure, or consanguinity. Antenatal care was regular, and no additional congenital anomalies were identified prior to delivery. Due to the complexity of the condition and anticipated delivery risks, an elective cesarean section was performed at a tertiary referral center.

Clinical Findings at Birth
At birth, the twins were physically conjoined from the anterior upper thorax extending to the upper abdomen, consistent with thoraco-omphalopagus classification. Each twin had a separate head, neck, and four extremities, with a shared anterior chest wall and upper abdominal segment. Initial physical examination demonstrated intact skin coverage over the conjoined region, without ulceration or ischemic changes. Both twins exhibited signs of respiratory distress, including tachypnea and subcostal retractions, necessitating supplemental oxygen shortly after birth. Cardiopulmonary examination revealed diminished bilateral breath sounds and a systolic cardiac murmur in one twin. Peripheral perfusion was adequate, and neurological examination showed spontaneous movements and intact primitive reflexes in both twins, indicating preserved neurological function (Figure 1).
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Fig 1. Clinical examination of the patients.
Left image: The photograph shows measurement of the infant’s hip circumference using a measuring tape placed horizontally around the pelvic region to assess body proportions. Middle image: A close-up view demonstrates measurement of the intergluteal or perineal distance with a measuring tape, focusing on anatomical landmarks in the midline. Right image: The image illustrates measurement of limb circumference using a ruler or measuring tape to objectively document extremity size as part of anthropometric assessment.

Diagnostic Assessment
Initial postnatal evaluation included chest radiography, which demonstrated bilateral pulmonary infiltrates consistent with pneumonia in both twins (Figure 2). Transthoracic echocardiography identified a suspected atrial septal defect in one twin, while the contralateral twin exhibited structurally normal cardiac anatomy with preserved ventricular function. Contrast-enhanced computed tomography and CT angiography were subsequently performed to delineate the extent of anatomical fusion. Imaging confirmed a shared sternum, contiguous rib cage, and a common diaphragm. The liver was extensively fused, with complex parenchymal continuity and interlinked vascular structures, including shared portal venous branches and distinct hepatic venous drainage into separate inferior vena cavae. No shared cardiac chambers were identified. These findings were critical in determining the technical feasibility of surgical separation and reconstructive planning (Figure 3). Laboratory investigations revealed mild leukocytosis and elevated inflammatory markers, consistent with an active infectious process. Liver and renal function tests were within normal limits, indicating preserved baseline organ function despite extensive anatomical fusion.

Multidisciplinary Evaluation and Decision-Making
A series of multidisciplinary meetings were convened involving pediatric surgeons, hepatobiliary surgeons, neonatologists, anesthesiologists, radiologists, intensive care specialists, and clinical ethicists. Imaging findings were reviewed in detail to assess the feasibility of hepatic separation and the anticipated challenges of chest wall reconstruction. Particular attention was directed toward the shared sternum and thoracic cage, recognizing the implications for postoperative respiratory mechanics and chest wall stability.
Parallel ethical deliberations addressed the proportionality of surgical intervention, potential asymmetry of outcomes between the twins, and anticipated quality of life following separation. The parents were actively involved in shared decision-making and were counseled extensively regarding the risks, uncertainties, and possible outcomes associated with surgical and non-surgical management options.
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Fig 2. Babygram x-ray of the patients, demonstrating generalized abdominal distension with multiple gas-filled bowel loops, allowing assessment of gastrointestinal gas distribution and overall thoracoabdominal anatomy.
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Fig 3. MSCT scan of the patients.Upper image: Axial CT scan of the orbits shows both globes with preserved contours and clearly defined bony orbital walls, allowing evaluation of orbital symmetry and structural integrity. Lower image: Axial CT scan at an inferior craniofacial level demonstrates heterogeneous soft tissues with multiple hyperdense foci, suggestive of dense fragments or foreign material within the surrounding facial structures.

Surgical Considerations and Planning
Initial management focused on stabilization of respiratory function and treatment of infection. Both twins received supplemental oxygen and intravenous broad-spectrum antibiotics tailored to neonatal pneumonia. Clinical and laboratory parameters were closely monitored to assess response to treatment and overall physiological stability. Given the complexity of the anatomical findings and the presence of active infection, definitive surgical separation was deferred. The clinical priority shifted toward optimization of respiratory status, resolution of infection, and comprehensive multidisciplinary evaluation before any operative intervention.
Based on integrated clinical, imaging, and ethical assessments, surgical planning emphasized a strategy that balanced technical feasibility with patient safety. Key considerations included preservation of adequate hepatic vascular supply for each twin, minimization of intraoperative blood loss, and reconstruction of the chest wall to ensure sufficient thoracic stability and respiratory function. Operative timing was planned to allow resolution of infection and optimization of physiological reserve. At the time of reporting, the twins remained under close clinical observation with ongoing multidisciplinary management. Short-term outcomes focused on stabilization of respiratory status, control of infection, and maintenance of organ function. Definitive surgical intervention was planned following further clinical optimization. Long-term outcomes could not be assessed due to the limited duration of follow-up at the time of manuscript preparation.

3. results and discussion

Reframing Thoraco-Omphalopagus Separation: From Organ-Centric Surgery to Structural Physiology
Historically, thoraco-omphalopagus twin separation has been framed predominantly as a problem of shared visceral organs, particularly the liver and, in selected cases, the heart [¹¹]. Surgical success has therefore been measured largely in terms of technical feasibility of organ division and immediate postoperative survival [¹²]. This organ-centric paradigm, while logical from a technical standpoint, implicitly assumes that post-separation structural integrity will be either self-evident or manageable through routine reconstructive techniques.
However, such an assumption neglects the fact that thoraco-omphalopagus fusion represents not merely the coexistence of shared organs, but a deeply integrated musculoskeletal and physiological system [¹³]. The thoracic cage functions as a dynamic biomechanical unit that directly influences respiratory mechanics, venous return, cardiac preload, and pulmonary compliance. Disruption of this system—particularly in neonates with limited pulmonary reserve—can precipitate respiratory failure even in the absence of major visceral complications [¹⁴].
In the present case, the shared sternum and anterior rib cage constituted a central physiological dependency rather than a secondary anatomical inconvenience. This observation compels a conceptual shift: thoraco-omphalopagus separation should be approached not as isolated organ division followed by reconstruction, but as a process of physiological re-engineering, where chest wall integrity is fundamental to postoperative viability. Such reframing has not been explicitly articulated in prior literature and represents a departure from traditional surgical narratives [¹²,¹⁵].
The neonatal chest wall is characterized by high compliance, incomplete ossification, and a dominant reliance on diaphragmatic motion for effective ventilation [¹⁴]. In thoraco-omphalopagus twins, these physiological characteristics are compounded by shared bony and cartilaginous structures, altered rib orientation, and asymmetrical lung development [¹⁵]. Following separation, loss of anterior chest wall continuity may lead to flail segments, paradoxical respiratory motion, impaired negative intrathoracic pressure generation, and prolonged ventilator dependence.
Despite these risks, the literature on thoraco-omphalopagus separation provides remarkably little detail on chest wall reconstruction strategies. Most reports mention chest wall closure only briefly, often as a technical footnote, without analyzing its impact on respiratory outcomes [¹¹,¹²]. This omission likely reflects an underappreciation of the chest wall as a determinant of physiological viability rather than a cosmetic or structural concern. In contrast, extensive experience in complex abdominal wall reconstruction has demonstrated that tension, rigidity, and compartmental pressure dynamics critically influence postoperative outcomes [¹⁶,¹⁷]. Techniques such as staged closure, component separation, prosthetic reinforcement, and gradual tissue expansion have been refined over decades. Translating these principles to thoracic reconstruction in conjoined twins—while anatomically challenging—offers a rational and underexplored pathway to improving survival.
In this case, chest wall reconstruction was elevated to a primary surgical objective. Planning focused on ensuring thoracic stability sufficient to support spontaneous ventilation and effective cough mechanics, rather than merely achieving soft tissue coverage. This chest wall–centered strategy represents a novel contribution to the field and challenges the prevailing hierarchy of priorities in conjoined twin surgery.

Integrating Hepatic Separation with Thoracic Biomechanics
Hepatic fusion has long been regarded as the dominant factor influencing feasibility and risk in thoraco-omphalopagus separation [¹⁸]. The liver’s size, vascular complexity, and metabolic importance make its division a formidable surgical undertaking. Consequently, much of the existing literature focuses on hepatic transection techniques, vascular mapping, and blood loss mitigation [¹⁸,¹⁹]. The hepatic separation cannot be considered in isolation from thoracic mechanics. The liver occupies a critical position at the interface between the abdominal and thoracic compartments, directly influencing diaphragmatic excursion and intra-abdominal pressure [¹⁹]. Extensive hepatic division alters pressure gradients across the diaphragm, potentially impairing ventilation and venous return, particularly when combined with compromised chest wall integrity.
In the present case, hepatic separation strategy was deliberately integrated with chest wall reconstruction planning. Decisions regarding liver volume allocation, vascular preservation, and transection planes were informed not only by hepatic viability but also by anticipated effects on thoracic stability and respiratory mechanics. This integrative approach contrasts with most published reports, where hepatic and thoracic considerations are discussed sequentially rather than synergistically [²⁰]. By conceptualizing hepatic separation and chest wall reconstruction as interdependent processes, the surgical team aimed to minimize compounded physiological stress. This holistic framework has not been systematically described in previous thoraco-omphalopagus literature and represents an important advance in operative planning.

Imaging-Guided Decision-Making Beyond Static Anatomy
Advanced imaging has revolutionized the management of conjoined twins by enabling detailed visualization of shared organs and vascular anatomy [²¹]. Three-dimensional reconstruction and CT angiography have become indispensable tools for surgical planning. However, imaging is often employed in a descriptive manner, focusing on what structures are shared rather than how those structures function collectively [²²].
In this case, imaging interpretation extended beyond static anatomical mapping. Radiological data were analyzed to anticipate biomechanical consequences of separation, particularly with respect to chest wall instability and diaphragmatic mechanics. For example, the extent of sternal fusion and rib continuity informed predictions regarding postoperative thoracic rigidity and ventilatory capacity. Such functional interpretation of imaging data is well established in complex abdominal wall reconstruction but remains uncommon in thoraco-omphalopagus separation [²³]. Incorporating biomechanical considerations into imaging analysis allowed for more nuanced surgical decision-making and reinforced the central role of chest wall reconstruction in determining feasibility.
Ethical Decision-Making Under Conditions of Structural Dependency
Ethical analyses of conjoined twin separation have traditionally focused on scenarios involving shared cardiac structures or clear asymmetry in survivability, where separation may inevitably result in the death of one twin [²⁴]. While these scenarios are undeniably complex, they represent only a subset of the ethical challenges encountered in thoraco-omphalopagus cases. In the present case, ethical complexity arose from uncertainty rather than inevitability. Separation was theoretically possible, but success depended on high-risk reconstruction with unpredictable long-term outcomes. The ethical question was therefore not whether separation could be performed, but whether it should be pursued under conditions of active infection, respiratory compromise, and uncertain quality of life [²⁵].
By engaging the ethics committee early, the multidisciplinary team was able to frame decision-making around proportionality, reversibility, and anticipated burden of intervention. This proactive ethical integration contrasts with many published case reports, where ethical considerations are discussed retrospectively and framed as justification rather than deliberation [²⁶]. Although multidisciplinary collaboration is frequently cited as essential in conjoined twin management, it is often described superficially, without detailing how interdisciplinary perspectives actively reshape surgical strategy [²⁷]. In this case, collaboration functioned as a form of cognitive integration rather than mere consensus. Input from abdominal wall reconstruction specialists informed chest wall strategy, while ethical consultation influenced operative timing and scope. Radiological insights were continuously reinterpreted in light of surgical and ethical considerations. This horizontal integration across disciplines enabled a more sophisticated and adaptive approach to care. Such depth of multidisciplinary interaction is rarely documented in thoraco-omphalopagus literature but may represent a key driver of innovation in this field [²⁸].
This case contributes several novel insights. First, it positions chest wall reconstruction as a primary determinant of feasibility and outcome in thoraco-omphalopagus separation. Second, it integrates hepatic separation, thoracic biomechanics, imaging interpretation, and ethical deliberation into a unified decision-making framework. Third, it demonstrates the value of proactive ethical engagement under conditions of uncertainty rather than inevitability. 
Future surgical planning paradigms may benefit from incorporating chest wall stability metrics, functional imaging analysis, and ethical proportionality assessments into standard feasibility evaluations. By shifting the focus from isolated organ division to holistic physiological and ethical integration, the management of thoraco-omphalopagus twins may be further refined and improved [²⁹,³⁰].


4. Conclusion

This case highlights thoraco-omphalopagus twin separation as a complex process that extends beyond visceral division and requires a paradigm shift toward structural and physiological integration. By positioning chest wall reconstruction as a central determinant of postoperative respiratory viability and integrating hepatic separation strategy with thoracic biomechanics, this report demonstrates that feasibility and outcome are governed by the interaction between anatomical reconstruction and physiological stability. The incorporation of advanced imaging as a functional decision-making tool, coupled with early and proactive ethical deliberation, enabled balanced surgical planning under conditions of uncertainty. This multidisciplinary, chest wall–centered framework offers a novel perspective that may inform future management strategies and contribute to the development of more comprehensive feasibility assessments in thoraco-omphalopagus twin separation.
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Consent (where ever applicable)

Written informed consent was obtained from the parents for publication of this case report and accompanying images.


Ethical approval (where ever applicable)

Ethical approval for publication of this case report was obtained in accordance with institutional policies. Written informed consent for publication of clinical details and imaging data was obtained from the parents of the patients.
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