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Introduction

Abstract: Esophageal cancer is a complex malignancy characterized by high morbidity and
mortality rates, necessitating a multidisciplinary approach to optimize outcomes. Surgical
management remains a cornerstone in the treatment of localized and locally advanced
esophageal cancer, with significant advancements in techniques, perioperative care, and
patient selection criteria in recent decades. This review examines the evolving landscape of
surgical strategies, including open esophagectomy, minimally invasive esophagectomy (MIE),
and robotic-assisted procedures, while addressing the indications, benefits, and limitations of
each approach. Key considerations such as lymphadenectomy, anastomotic techniques, and
enhanced recovery after surgery (ERAS) protocols are discussed in the context of improving
survival rates and reducing complications. Additionally, the role of surgery within multimodal
treatment regimens, including neoadjuvant and adjuvant therapies, is evaluated. Emerging
trends, such as personalized surgical planning and integration of advanced imaging and
artificial intelligence, are also explored for their potential to refine patient outcomes. By
synthesizing current evidence and clinical guidelines, this review aims to provide a
comprehensive overview of the state-of-the-art surgical management of esophageal cancer
and identify future directions for research and practice
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Esophageal cancer is a significant global health burden, ranking among the leading causes of cancer-
related mortality worldwide [1]. Despite advances in diagnostic modalities and therapeutic
interventions, the prognosis remains poor for many patients, particularly those diagnosed at
advanced stages [2]. Surgery continues to be the cornerstone for curative treatment in localized and
locally advanced esophageal cancer. This review explores the current state of surgical management,
evaluates outcomes, and discusses emerging trends in the field. However, critical gaps remain in
optimizing surgical techniques, improving postoperative recovery, and integrating advanced
technologies, highlighting the need for ongoing research and innovation. Esophageal cancer poses
unique challenges due to its aggressive nature and the anatomical complexities involved in surgical
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management [3]. Although early detection programs are improving outcomes in some regions, a
significant proportion of cases are diagnosed at an advanced stage, limiting curative options [4].
Recent advancements in imaging and endoscopic techniques are helping to identify tumors earlier,
but disparities in healthcare access remain a barrier in many parts of the world [5].

The growing understanding of esophageal cancer biology has paved the way for novel therapeutic approaches,
including targeted therapies and immunotherapy. However, surgery remains essential for resectable cases,
underscoring the importance of refining surgical methods to improve survival rates [6]. Collaborative efforts
between surgeons, oncologists, and radiologists are vital in optimizing treatment strategies for individual
patients [7].

Technological advancements, including robotic-assisted surgery and enhanced imaging modalities, are
redefining surgical standards. These innovations offer improved precision and reduced complication rates, but
their integration into standard practice requires validation through robust clinical trials [8].

Surgical training and experience are critical determinants of outcomes in esophageal cancer management.
High-volume centers consistently report better results, highlighting the need for specialized training programs
to ensure widespread proficiency in advanced surgical techniques [9].

Economic and logistical challenges also play a significant role in shaping surgical outcomes. Resource
limitations in low- and middle-income countries often hinder the adoption of state-of-the-art techniques,
emphasizing the need for global initiatives to bridge these gaps [10].

Patient-centered approaches, including prehabilitation and enhanced recovery after surgery (ERAS) protocols,
are gaining traction as essential components of comprehensive care. These strategies focus on optimizing
patients’ physical and psychological well-being to improve surgical outcomes and quality of life [11].

Finally, future research must address the integration of emerging technologies, such as artificial intelligence
(AI) and augmented reality, into the surgical management of esophageal cancer. These tools have the potential
to revolutionize preoperative planning, intraoperative navigation, and postoperative monitoring, leading to
more personalized and effective treatments [12].

Preoperative Assessment and Patient Selection

Comprehensive preoperative staging, including endoscopic ultrasonography (EUS), computed tomography
(CT), and positron emission tomography (PET), is vital for determining the extent of the disease and selecting
suitable candidates for surgery [13]. Advances in molecular imaging and biomarkers are enhancing the
precision of staging and risk stratification [14]. Multidisciplinary tumor boards play a critical role in integrating
clinical, radiologic, and pathologic data to ensure optimal treatment planning. Future efforts should focus on
refining predictive models to better identify patients most likely to benefit from surgical interventions [15].
Preoperative risk assessment involves evaluating not only the oncological status but also the patient’s overall
health and functional reserve. Cardiopulmonary evaluation, including pulmonary function tests and
echocardiography, is crucial for identifying patients who can tolerate the physiological stress of esophagectomy
[16]. Nutritional status is another critical factor, with malnutrition often associated with worse surgical
outcomes. Preoperative nutritional optimization has been shown to reduce complications and improve
recovery [17].

Molecular biomarkers, such as circulating tumor DNA (ctDNA) and specific genetic mutations, are emerging as
tools for refining patient selection and tailoring therapeutic strategies. These biomarkers can provide insights
into tumor biology and help predict responses to neoadjuvant therapies [18].

Neoadjuvant therapy, typically involving chemoradiotherapy, has become a standard approach for locally
advanced esophageal cancer. Preoperative response to therapy is a significant prognostic factor, and ongoing
research aims to identify biomarkers that can predict therapeutic response more accurately [19].

Functional imaging modalities, such as PET-CT, are increasingly being used to assess treatment response and
guide surgical planning. These techniques allow for better delineation of residual disease and help avoid
unnecessary surgeries in patients with poor response [20].
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The role of frailty assessments in preoperative evaluation is gaining attention. Frailty, often underestimated in
older patients, can significantly impact surgical outcomes and should be considered when planning treatment
[21]. Tools such as the Comprehensive Geriatric Assessment (CGA) are proving valuable in tailoring
interventions for elderly patients [22].

Multidisciplinary discussions play a pivotal role in preoperative planning, ensuring that all aspects of patient
care, from oncological management to surgical approach, are thoroughly considered. This team-based
approach has been shown to improve outcomes by fostering collaboration among specialists [23].
Prehabilitation programs, combining physical exercise, nutritional support, and psychological counseling, are
emerging as essential components of preoperative care. These programs aim to optimize patients’ physical and
mental health before surgery, improving postoperative recovery and reducing complications [24].

Surgical Approaches and Techniques

Surgical management of esophageal cancer involves various approaches tailored to tumor location, disease
stage, and patient factors. The primary options include transthoracic esophagectomy, transhiatal
esophagectomy, and hybrid procedures. Each technique has unique benefits and challenges, necessitating
careful patient selection and surgical expertise [25].

Transthoracic Esophagectomy (TTE): Transthoracic esophagectomy (TTE) is a cornerstone surgical
procedure for managing esophageal cancer, particularly in cases involving resectable tumors. This approach,
which includes the en bloc resection of the esophagus and surrounding tissues, is frequently used for cancers
located in the middle and distal thirds of the esophagus. The indications for this procedure, along with the
technique employed, have evolved over decades to optimize outcomes.

TTE is indicated for patients with localized esophageal cancer, where there is no evidence of distant metastasis
or extensive invasion into adjacent critical structures [26]. Patients with T1b to T3 tumors, as determined by
endoscopic ultrasound (EUS) and imaging, are often considered candidates for TTE, provided they have
adequate cardiopulmonary reserve [27]. The procedure is particularly suited for adenocarcinomas of the distal
esophagus and gastroesophageal junction (Siewert type I and II lesions) [28]. Squamous cell carcinoma
confined to the thoracic esophagus may also warrant TTE, especially when preoperative therapy has
successfully downstaged the disease [29]. Recurrent or persistent high-grade dysplasia in Barrett's esophagus
despite endoscopic managementis another indication for TTE, as it carries a high risk of progression to invasive
cancer [30]. In selected cases, TTE is performed for large benign tumors or caustic strictures that necessitate
esophageal resection and reconstruction [31].

The surgical technique for TTE generally involves a combination of laparotomy and thoracotomy, ensuring
adequate access to the esophagus and surrounding structures [32]. The Ivor Lewis technique is the most widely
adopted approach for TTE. It involves abdominal mobilization of the stomach, creation of a gastric conduit, and
a right thoracotomy for esophageal resection and anastomosis [33]. Preoperative preparation includes
optimizing nutritional status, pulmonary function, and cessation of smoking to reduce perioperative
complications [34]. The procedure begins with laparotomy to mobilize the stomach. The gastroepiploic and
short gastric vessels are preserved to maintain vascular supply to the gastric conduit [35]. A pyloromyotomy
or pyloroplasty is often performed to facilitate gastric emptying postoperatively [36].

After abdominal mobilization, the patient is repositioned for a right thoracotomy. This step provides access to
the thoracic esophagus and allows for en bloc resection of the esophagus, periesophageal lymph nodes, and
adjacent tissues [37]. The esophagogastric anastomosis is typically performed in the thoracic cavity, ensuring
a tension-free and well-vascularized reconstruction [38]. Advances in minimally invasive techniques, including
robotic-assisted TTE, have been introduced to reduce surgical morbidity while maintaining oncologic
outcomes. These approaches involve smaller incisions and enhanced visualization during dissection [38].
Postoperative care includes intensive monitoring, early initiation of enteral nutrition, and surveillance for
complications such as anastomotic leakage, pulmonary infections, and stricture formation [38].

Transhiatal Esophagectomy (THE): Transhiatal esophagectomy (THE) is a well-established surgical
approach for the management of esophageal cancer, particularly for tumors located in the mid-to-distal



Hossam Hassan Soliman / Afr.J.Bio.Sc. 6(2) (2024) Page 4277

esophagus. This technique, along with hybrid approaches, offers a minimally invasive alternative to
transthoracic esophagectomy (TTE) in selected patients, providing unique advantages in terms of recovery and
complications.

Indications for THE include localized esophageal cancers without extensive thoracic involvement, particularly
for adenocarcinomas at the gastroesophageal junction (Siewert type Il and III) and certain squamous cell
carcinomas. Patients with T1b to T3 tumors who lack significant cardiopulmonary comorbidities are ideal
candidates for this approach [39]. THE is also indicated for patients who have contraindications to thoracotomy
due to prior thoracic surgeries, significant pulmonary disease, or other high-risk factors [40]. Additionally, it
may be utilized for esophageal strictures, benign tumors, or cases where palliation with a less invasive method
is preferred [41].

The transhiatal approach eliminates the need for thoracotomy, reducing the risk of pulmonary complications
and other thoracic morbidity. Preoperative preparation focuses on nutritional optimization, smoking cessation,

and physical conditioning to enhance postoperative recovery [42].
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The technique begins with an upper midline laparotomy to access the abdomen. The stomach is mobilized, with
preservation of the right gastroepiploic artery to maintain adequate blood supply to the gastric conduit. The
short gastric vessels and left gastric artery are divided, and a pyloromyotomy or pyloroplasty is performed to
prevent postoperative gastric outlet obstruction [43]

Figure 1:

After the abdominal phase, the cervical esophagus is accessed through a left neck incision. The esophagus is
mobilized through blunt dissection along the posterior mediastinum, extending from the diaphragm to the
neck. This approach avoids direct thoracic access, minimizing trauma to the thoracic cavity [44].

The gastric conduit is pulled through the esophageal bed into the neck, where an esophagogastric anastomosis
is performed. The cervical anastomosis is preferred in this technique to reduce the impact of potential
anastomotic leaks, which can be managed more effectively in the cervical region [45].

Hybrid techniques, which combine open and minimally invasive components, have gained traction in recent
years. These approaches involve laparoscopic mobilization of the stomach followed by either a transhiatal or
transthoracic resection. Hybrid methods aim to reduce surgical trauma while maintaining oncologic principles
of adequate resection and lymphadenectomy [46].
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Indications for hybrid approaches mirror those of THE and TTE but are particularly suited for patients
requiring lymph node dissection or those with borderline cardiopulmonary reserve. Preoperative evaluation
includes staging with endoscopic ultrasound, computed tomography, and often PET scans to determine tumor
extent and lymph node involvement [47].

The laparoscopic phase of hybrid esophagectomy involves mobilization of the stomach, creation of the gastric
conduit, and division of esophageal attachments through small abdominal incisions. This minimizes wound-
related complications and enhances recovery [48].

The thoracic or cervical phase can be performed through traditional open methods or minimally invasive
techniques, depending on tumor location and patient factors. Minimally invasive cervical anastomosis is often
preferred for its reduced morbidity and improved recovery profile [49].

Postoperative care for both THE and hybrid techniques emphasizes early mobilization, respiratory therapy,
and enteral feeding through a jejunostomy tube. Complications such as anastomotic leak, stricture, or infection
require close monitoring, with early intervention to ensure favorable outcomes [50].

While THE is associated with lower pulmonary complication rates, it may provide less extensive mediastinal
lymphadenectomy compared to TTE. Hybrid approaches seek to balance these limitations, offering
comprehensive resection with reduced perioperative morbidity [51].

Advances in robotic-assisted surgery have further refined hybrid esophagectomy techniques, offering
enhanced precision and visualization during dissection. These innovations continue to expand the role of
minimally invasive methods in esophageal cancer surgery [52].

The choice of surgical approach—THE, TTE, or hybrid—should be individualized based on tumor
characteristics, patient comorbidities, and surgeon expertise. Multidisciplinary discussion remains essential to
optimize treatment planning and outcomes [53].

Long-term survival and quality of life after THE or hybrid esophagectomy are influenced by factors such as
complete tumor resection, lymph node clearance, and the absence of major postoperative complications.
Tailored approaches that incorporate patient-specific considerations are critical to achieving optimal results
[54].

Minimally Invasive Techniques: Minimally invasive esophagectomy (MIE) is an advanced surgical technique
for the management of esophageal cancer, offering reduced morbidity while maintaining oncological
effectiveness. It has become a preferred approach for many patients with resectable esophageal cancer,
particularly those with mid-to-distal esophageal tumors.

Indications for MIE include T1b to T3 esophageal cancers, where there is no evidence of extensive invasion into
adjacent structures or distant metastases. This approach is particularly suitable for patients who are medically
fit for surgery but might benefit from a less invasive procedure to minimize postoperative complications [55].
MIE is also utilized in patients with adenocarcinomas of the gastroesophageal junction and selected cases of
squamous cell carcinoma [56].
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Preoperative preparation for MIE emphasizes nutritional optimization, respiratory exercises, and smoking
cessation to improve outcomes. Preoperative imaging, including endoscopic ultrasound and CT scans, is critical
to staging and planning the surgical approach [57].

The surgical technique of MIE involves laparoscopic or robotic mobilization of the stomach to create a gastric
conduit, combined with thoracoscopic mobilization of the esophagus. This allows for en bloc resection of the
esophagus, lymph nodes, and surrounding tissues with minimal trauma [58].

During the abdominal phase, the stomach is mobilized while preserving the right gastroepiploic artery to
maintain the vascular supply to the gastric conduit. The short gastric vessels and left gastric artery are divided,
and a pyloromyotomy or pyloroplasty is performed to facilitate gastric emptying [59].

The thoracic phase involves thoracoscopic dissection of the esophagus and mediastinal lymph nodes. The
esophagogastric anastomosis is typically performed in the thoracic cavity or at the cervical level, depending on
tumor location and patient factors [60].

Robotic-assisted MIE provides enhanced precision, with better visualization and dexterity during dissection
and anastomosis. This technology is increasingly used for complex cases, offering the potential for reduced
complications and shorter hospital stays [61].

Postoperative care includes early mobilization, respiratory physiotherapy, and enteral nutrition, usually
through a jejunostomy tube. Patients are closely monitored for complications such as anastomotic leaks,
strictures, or infections. Enhanced recovery protocols have been implemented to accelerate rehabilitation and
improve outcomes [62].

While MIE offers advantages such as reduced blood loss, lower infection rates, and shorter recovery times, it
requires specialized training and experience. Surgeons must have expertise in advanced laparoscopic and
thoracoscopic techniques to ensure safety and oncological adequacy [63].

Long-term outcomes of MIE are comparable to open esophagectomy in terms of oncological clearance and
survival. Ongoing advancements in surgical technology and techniques continue to refine this approach,
making it a cornerstone in the management of esophageal cancer [64].

Perioperative Care: Enhanced recovery protocols tailored to esophagectomy, including multimodal analgesia,
early ambulation, and nutritional support, have significantly improved surgical outcomes. Optimizing
perioperative management is essential for reducing morbidity and enhancing recovery [32].

Intraoperative Technologies: The use of advanced imaging technologies, such as fluorescence imaging and
intraoperative nerve monitoring, has improved the precision and safety of esophagectomy. These innovations
assist in identifying critical structures and ensuring complete tumor resection [33].
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Training and Expertise: High-volume centers and specialized surgical training programs are essential for
maintaining proficiency in complex esophagectomy techniques. Studies consistently show improved outcomes
in centers of excellence, emphasizing the need for centralized care [34].

Future Directions: Research into robotic-assisted techniques, enhanced visualization tools, and precision
surgery is ongoing. These advancements promise to further refine esophagectomy, reducing complications and
improving long-term outcomes [35].
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