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Abstract
Background: McKeown esophagectomy is a common surgical approach for treating esophageal cancer, but it carries a considerable 
risk of cervical anastomotic leakage. This complication may lead to descending mediastinitis and other serious infections. This 
study aims to evaluate the effectiveness of using the medial head of the sternocleidomastoid muscle (SCM) flap as a physical 
barrier to prevent anastomotic leakage from spreading into the posterior mediastinum.
Methods and Results: Anatomical and biomechanical models were developed to evaluate the vascular supply, mobility, 
and mechanical integrity of the SCM flap. A prospective clinical study was conducted in 17 patients undergoing McKeown 
esophagectomy using this technique. Anatomical modeling confirmed that the SCM flap could be mobilized and rotated without 
tension, allowing stable coverage of the anastomosis. Computational analysis showed even stress distribution and minimal 
tissue displacement (2.3±0.4 mm) during respiratory motion, indicating reliable fixation. Clinically, no cases of mediastinal 
contamination occurred. In all patients with leakage, the technique effectively localized the complication, preventing spreading to 
the mediastinum.
Conclusion: The use of the medial head of the sternocleidomastoid (SCM) flap effectively prevents descending mediastinitis 
and pleural empyema in cases of cervical anastomotic leakage following McKeown esophagectomy.(International Journal of 
Biomedicine. 2025;15(2):386-390.)
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Introduction
McKeown esophagectomy is widely used to treat 

thoracic esophageal cancer, particularly for tumors located in 
the upper thoracic segment. However, one of its most significant 
complications is cervical anastomotic leakage. According to 
multiple sources, the incidence of this complication ranges 
from 11.4% to 21.2%, with mortality rates varying from 7.2% 
to 35%, depending on the severity of the infection.1,2

Managing patients with anastomotic leakage is complex 
and often requires extended hospitalization. It is important to 
distinguish between types of leakage: when a cervical leak 
results in an external fistula, conservative treatment typically 
suffices, including local wound care, nutritional support, 
and infusion therapy. In contrast, leaks that extend into the 
mediastinum may lead to descending mediastinitis, which has 
been reported to cause mortality in up to 50% of cases.3

Various preventive methods have been proposed to reduce 
the risk of mediastinal contamination. One strategy involves 

wrapping the anastomosis with vascularized tissue, such as an 
omental flap, which not only protects the site but also promotes 
healing.4 Another approach is to use muscle flaps to physically 
separate the anastomosis from the mediastinum, which reduces 
the negative pressure gradient from the pleural cavity and 
prevents fluid migration. Among these, the transposition of the 
sternocleidomastoid muscle (SCM) flap to the border between 
the neck and the mediastinum has shown potential.5

This study evaluates the outcomes of applying the SCM 
flap to create a barrier between the anastomotic site and the 
posterior mediastinum.

Materials and Methods
This study was conducted in two phases: an experimental 

anatomical phase followed by a prospective clinical trial. The 
first phase aimed to validate the use of the SCM flap to prevent 
descending mediastinitis in cases of cervical anastomotic 
leakage. The second phase evaluated the clinical outcomes of 
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patients who underwent McKeown esophagectomy with the 
proposed method.
Experimental Phase

The anatomical study was carried out on five fresh 
cadavers without significant cervical or thoracic abnormalities. 
The specimens ranged from 43 to 69 years, with a postmortem 
interval of 24 to 48 hours. Cervical access was achieved 
through a left-sided incision along the SCM. The cervical 
esophagus was mobilized to assess whether the SCM flap 
could adequately cover the superior mediastinal aperture.

Detailed anatomical dissection was performed to analyze 
the vascular supply and topography of the SCM. Flap dimensions, 
including length, width, and thickness, were measured using 
digital calipers. Rotational capacity and the ability to provide 
tension-free coverage of the mediastinal inlet were assessed. 
A digital goniometer was used to record rotation angles, and 
the stretch coefficient was calculated through standardized 
load testing. Barrier function was evaluated based on the flap’s 
conformity to the mediastinal contour and its ability to isolate 
the anastomosis. Optimal fixation methods were determined 
through testing of various suture techniques, followed by 
mechanical assessment using computational modeling.
Clinical Phase

The clinical component of the study included 17 patients 
who underwent McKeown esophagectomy between January 
2023 and December 2024 at the Department of Thoracic 
Oncology, Regional Clinical Oncology Center, Ulyanovsk, 
Russia. A thoracoscopic approach was used for all cases, 
with port placement optimized for mediastinal dissection and 
lymphadenectomy in accordance with national guidelines. 
Abdominal access was obtained through an upper midline 
laparotomy. In all cases, a gastric conduit 3–4 cm in width was 
created from the greater curvature of the stomach. Mechanical 
stapling was followed by reinforcement with a continuous PDS 
3-0 suture. Abdominal lymphadenectomy was completed at 
the D2 level. Cervical access was achieved along the medial 
border of the left SCM. An end-to-side, two-layer, hand-sewn 
anastomosis was performed between the esophagus and the 
posterior wall of the conduit. The isolation of the anastomotic 
site from the posterior mediastinum was achieved using the 
proposed technique. The medial head of the left SCM was 
mobilized, with its proximal end detached from the clavicle, and 
rotated posteriorly to serve as a barrier between the anastomosis 
and the mediastinum (Fig. 1).

To stabilize the flap, its distal segment was anchored 
to the vertebral fascia using one or two U-sutures. This 
maneuver allowed the conduit to be moved forward and closer 
to the thyroid gland and surrounding neurovascular structures, 
minimizing the risk of dead space formation (Fig. 2,3).

A vacuum-assisted drainage system was inserted via a 
counterincision. Before drain placement, a 100 mL saline leak 
test was conducted to assess anastomotic integrity (Fig. 4). 
Skin closure was completed using interrupted sutures.

A 12Fr post-pyloric feeding tube was introduced into 
the conduit immediately after surgery to facilitate early enteral 
nutrition. Oral feeding was initiated on postoperative day 5, 
following multislice computed tomography (MSCT) to assess 
anastomotic integrity.

Tumor staging followed the 8th edition TNM 
classification by the Union for International Cancer Control 
(UICC).7 Postoperative complications were categorized using 
the Thoracic Morbidity and Mortality (TMM) system,8 while 
preoperative risk was assessed with the ASA physical status 
scale.9 Anastomotic leakage was classified using the system 
proposed by Larburu Etxaniz S.10

Mechanical properties and stability of the SCM flap 
were further evaluated using finite element analysis (FEA) in 
ANSYS Mechanical software (ANSYS Inc., USA). Modeling 
incorporated anatomical data from the cadaveric study and 
simulated respiratory dynamics to assess stress distribution 

       Fig. 1. Mobilization of the Medial Head of the SCM
1–Medial head of the sternocleidomastoid muscle       
2–Lateral head of the sternocleidomastoid muscle   
3–Resected esophagus

Fig. 2,3. U-Suture Between the Prevertebral Fascia and the Distal 
Part of the Medial Head of the SCM

1 – Medial head of the sternocleidomastoid muscle (SCM)
2 – Lateral head of the sternocleidomastoid muscle (SCM)
3 – Conduit from the greater curvature of the stomach
4 – Resected esophagus

Fig. 4. Leak Test of the Anastomotic Site for 
Isolation From the Posterior Mediastinal Space
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and tissue displacement. Statistical analysis was conducted 
using StatTech v. 4.7.2 software (StatTech LLC, Russia).

Results
Anatomical Modeling

In the cadaveric phase, mobilization of the 
sternocleidomastoid (SCM) muscle was successfully 
performed in all five specimens. The average muscle length 
increased from 12.92±0.30 cm pre-mobilization to 15.76±0.27 
cm post-mobilization, allowing for tension-free rotation and 
complete coverage of the superior mediastinal aperture. The 
mean width at the mid-third of the muscle was 3.24±0.11 cm, 
and the average thickness was 0.94±0.11 cm.

Vascular supply was consistently provided by the 
superior thyroid artery and the sternocleidomastoid branch of 
the occipital artery, with no anatomical variations that impeded 
muscle rotation. The mean rotation angle was 49.0±1.58°, 
enabling firm apposition to the anterior longitudinal ligament. 
The calculated stretch coefficient was 1.14±0.016.

The flap was fixed using two PDS 3-0 U-sutures to the 
prevertebral fascia. Stability was maintained during simulated 
respiratory excursions, with no observable tension or flap 
displacement. A contrast-enhanced leak test demonstrated 
complete sealing of the mediastinal inlet. Fixation to the 
anterior longitudinal ligament proved more stable compared 
to alternate methods, such as attachment to the SCM fascia or 
pretracheal fascia.
Computational Modeling

Finite element analysis (FEA) was conducted to assess 
the biomechanical performance of the SCM flap under 
physiological stress. Simulations incorporated anatomical 
and mechanical parameters, including muscle elasticity and 
fascia compliance. Intrathoracic pressure variations ranging 
from 10 to 40 cm H₂O were modeled to mimic respiratory 
dynamics (Fig. 5).

The analysis revealed that the highest mechanical 
stress occurred at the suture fixation points, primarily in areas 
where direct load transfer took place. In contrast, the central 
and distal portions of the flap experienced minimal tension, 
indicating effective load dispersion. Tissue displacement 
remained within safe thresholds (≤2.3±0.4 mm), supporting 
the flap’s stability during dynamic conditions. These findings 

reinforce the flap’s suitability for mediastinal isolation in 
postoperative settings.
Clinical Outcomes

Seventeen patients (mean age of 59.3±8.2 years) were 
included in the prospective clinical study. Key demographic 
and clinical parameters are summarized in Table 1.

All patients underwent neoadjuvant therapy. 
Chemotherapy using the FolFox regimen was administered 
to 5 patients (29.4%), while 12 patients (70.6%) received 
chemoradiotherapy based on the CROSS protocol (a total 
dose of 45 Gy, with 1.8 Gy per fraction).

Anastomotic leakage occurred in 4 patients (23.5%). 
Type I leaks (n=2) were radiologically detected and 
resolved with conservative management. Type II leaks (n=2) 
required extended wound care but did not lead to systemic 
complications. No cases of descending mediastinitis or 
mortality were observed.

Hybrid surgical approaches were used in 12 patients 
(70.6%), while 5 patients (29.4%) underwent standard open 
McKeown procedures. Surgical parameters are presented in 
Table 2.

Postoperative imaging confirmed effective mediastinal 
isolation by the SCM flap in all cases. No instances of 

Fig. 5. 3D Model of Mechanical Stress 
Distribution on the Medial SCM Flap

Table 1. 
Clinical characteristics of the study population.

Parameter Category n %

Sex
Female 3 17.6
Male 14 82.4

Chronic Kidney Disease
Present 4 23.5
Absent 13 76.5

Diabetes mellitus
Present 6 35.3
Absent 11 64.7

Charlson Index, Me 4.00 [2.00 – 4.00] 
BMI, Me 19.5 [17.0 – 23.8]

Stage
IIA 3 17.6
IIB 5 29.4
IIIB 9 52.9

Tumor Location
 Upper thoracic 1 5.9
Middle thoracic 8 47.1
Lower thoracic 8 47.1

Histological Type
Adenocarcinoma 5 29.4
Squamous cell
carcinoma 12 70.6

Table 2.
Surgical parameters.

Parameter M±SD 95%  CI
Operative time, min 333.5 ± 45.4 310.1 – 356.8
Blood loss, mL 414.7 ± 206.7 368.4 – 621.00
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conduit displacement or mediastinal leakage were identified. 
Postoperative computed tomography confirmed the absence 
of mediastinal leakage and the adequate positioning of the 
muscle flap for mediastinal isolation (Fig. 6).

These findings support the technique’s reliability in 
preventing mediastinal contamination, even in the event of 
anastomotic failure.

Discussion
McKeown esophagectomy remains a cornerstone in 

the surgical treatment of esophageal cancer, but cervical 
anastomotic leakage continues to pose significant challenges. 
Despite technical refinements, the risk of leakage and its 
complications, particularly descending mediastinitis, persists 
in a substantial proportion of patients.11-14 The consequences 
of mediastinal contamination include increased morbidity, 
prolonged hospitalization, and, in severe cases, mortality.

Various methods have been proposed to prevent the 
spread of leakage into the mediastinum. The use of vascularized 
tissue flaps, such as omentum or muscle, has shown promise 
in reducing infection rates by creating a biological barrier.15,16 
However, omental flaps may be prone to ischemia and 
infection, especially when mobilized extensively.17 Fixation 
of the gastric conduit directly to the prevertebral fascia 
has also been explored, but this approach can compromise 
microvascular perfusion, increasing the risk of anastomotic 
ischemia and necrosis.18

The technique evaluated in this study, which involves 
rotating the medial head of the SCM muscle, provides both 
mechanical and biological isolation of the anastomotic site. 
Our anatomical modeling demonstrated that the SCM flap 
could be reliably mobilized and rotated without tension. The 
average rotation radius was 4.4±0.16 cm, with a rotation angle 
of 49.0±1.58°, which enabled full coverage of the superior 
mediastinum without compromising blood flow.

Computational modeling reinforced these findings, 
showing that the highest mechanical stress was concentrated at 
the fixation site to the prevertebral fascia, while the remainder 
of the flap experienced minimal strain. Tissue displacement 
remained within 2.3±0.4 mm during simulated respiratory 
excursions, which supports the flap’s mechanical stability 
under dynamic conditions.

Clinically, the SCM flap technique demonstrated 
its value. Among the 17 patients in this study, 4 developed 
cervical anastomotic leakage, yet none experienced 
descending mediastinitis or pleural empyema. This contrasts 
with previously reported mortality rates of up to 50% in cases 
where mediastinal contamination occurred.3

Comparable approaches have been described in the 
literature. For example, Yang et al.19 proposed using a full 
SCM flap transected at the mastoid process to wrap around 
the anastomosis. While leakage rates remained unchanged, 
mediastinal spread was effectively prevented in their study. 
However, long-term outcomes related to esophageal strictures 
or swallowing dysfunction were not fully addressed.

Our results align with the broader body of evidence 
emphasizing the importance of protecting the anastomosis 
from negative thoracic pressure and bacterial contamination. 
The SCM flap provides a well-vascularized, mobile, and 
structurally stable option that integrates seamlessly into 
the surgical field. One limitation to consider is anatomical 
variability in SCM size and vascularization, which may limit 
flap viability in some patients.

Overall, this study supports the medial SCM flap as a 
safe and effective method for reducing the risk of mediastinal 
complications after McKeown esophagectomy, especially in 
high-risk patients with a potential for anastomotic leakage.

Conclusion
The use of the medial head of the sternocleidomastoid 

muscle flap effectively prevents descending mediastinitis and 
pleural empyema in cases of cervical anastomotic leakage 
after McKeown esophagectomy.
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