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Esophagectomy for cancer in the obese patient
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Abstract: Obesity is a prevalent cause of morbidity and mortality worldwide. It is a demonstrated risk
factor for the development of many types of cancers, esophageal adenocarcinoma included. Esophagectomy
in obese patients is a safe and feasible procedure which leads to good oncological and clinical outcomes.
However, the surgical management of esophageal cancer in patients with BMIs in the range of obesity

presents specific challenges involving pre-operative testing, anesthesia management, technical precautions

and post-operative concerns. These aspects are here reviewed and discussed.
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Obesity and cancer

Most of the world’s population lives in countries where
overweight and obesity are prevalent causes of morbidity
and mortality (1). Indeed, the worldwide prevalence of
obesity has almost tripled in the past fifty years: between
1975 and 2014, the age-standardized prevalence has
increased from 3.2% to 10.8% in men, and from 6.4% to
14.9% in women, respectively (2).

Obesity is a demonstrated risk factor for several chronic
diseases (such as hypertension, type 2 diabetes, dyslipidemia,
coronary artery disease) and in the past decade it was
demonstrated that obesity not only predisposes for certain
types of cancer (3) (Table 1), but also plays a role as a negative
prognostic factor in certain oncological patients (17,18).
Therefore, the International Agency for Research on Cancer
(IARC) published in 2002 a monography focused on weight
control and physical activity as cancer-preventive strategies (19).

Obesity and esophageal cancer

Seventeen thousand six hundred and five cases of esophageal
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cancer are on average diagnosed every year in the United
States, as well as 16,080 related deaths are reported (20).
According to data from the GLOBOCAN database (21),
an estimated 572,034 new cases and 508,585 deaths are
expected on a worldwide scale annually.

Interestingly, the temporal trend in incidence has varied for
the two major histologic types of esophageal cancer, which are
adenocarcinoma and squamous cell carcinoma (SCC).

Incidence rates for adenocarcinoma have been increasing
dramatically in the majority of the Western countries,
mainly due to an increased prevalence of its known risk
factors such as overweight and obesity (22).

Incidence rates for SCC have been steadily decreasing
in these same countries because of long-term reductions in
tobacco and alcohol consumption and also because obesity
has been proven to have a paradoxical, inverse association
with SCC development (23).

The mechanisms underlying the strong positive associations
between obesity and esophageal adenocarcinoma have not
been completely clarified yet. The two major hypothesis,
equally valuable from a pathophysiologic standpoint,
concern the mechanical effects of abdominal obesity in
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Table 1 Cancers for which there is convincing or probable evidence that they are caused by obesity

Strength of evidence

Cancer type

Convincing

Esophageal adenocarcinoma (4)

Pancreatic cancer (5)

Liver cancer (6)

Colorectal cancer (7)

Postmenopausal breast cancer (8)

Endometrial cancer (9)

Renal cell carcinoma (10)

Thyroid cancer (11)

Multiple myelomas (11)

Meningioma (11)

Probable

Mouth, pharynx and larynx cancer (12)

Gastric (cardia) cancer (13)

Gallbladder cancer (14)

Ovarian cancer (15)

Advanced-stage prostate cancer (16)

“Convincing” and “probable” are used with the same meaning reported by the World Cancer Research Fund/American Institute for
Cancer Research in its annual reports (Available online at https://www.wcrf.org/dietandcancer/cancer-trends). Convincing: evidence
strong enough to support a judgement of a convincing causal relationship, which justifies making recommendations designed to reduce
the risk of cancer. The evidence is robust enough to be unlikely to be modified in the foreseeable future as new evidence accumulates.
Probable: evidence strong enough to support a judgement of a probable casual (or protective) relationship, which generally justifies

recommendations designed to reduce the risk of cancer.

promoting gastroesophageal reflux disease (GERD) on
one hand (24), and obesity-related metabolic pathways
alterations on the other hand. GERD, a well-known risk
factor for the development of Barrett’s esophagus (25,26),
which is the precursor of esophageal adenocarcinoma (27),
is more prevalent with higher BMI, due to mechanically
increased intra-abdominal pressure (28-30).

Metabolic pathways that modulate cell proliferation,
apoptosis and cell growth involve molecules that have
been proven to be altered in obesity (31), in which insulin-
resistance, pro-inflammatory cytokines and adipokine seem
to play a central role (32-39). However, the way these pro-
inflammatory processes interplay with Barrett’s esophagus in
promoting esophageal metaplasia, dysplasia and eventually
carcinogenesis still have to be elucidated.

To sum up, compared to normal weight, overweight is
associated with a 1.5-2 folds risk of developing esophageal
adenocarcinoma, while obesity has a 2-3 folds increased risk (40).

With regards to the inverse association between obesity

© Annals of Esophagus. All rights reserved.

and SCC, the underlying biological mechanisms are still
unclear, despite extensive investigation (40). Moreover,
the association itself is a source of debate in the literature
since it was observed in smokers only and not in former or
never smokers (41)—which led to the hypothesis that the
inverse association may be simply the result of a residual
confounding factor, since smoking is notably predisposing

for the development of esophageal SCC (42,43).

Esophagectomy in the obese patients

The surgical management of esophageal cancer in patients
with BMIs in the range of obesity presents specific
challenges.

Surgical planning

Challenges with obese patients may begin far from the
operating table, during the acquisition of pre-operative
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Figure 1 Abdominal CT of patient with EGJ adenocarcinoma
(arrow) and BMI 59.6. EG]J, esophagogastric junction.

images. Indeed, obesity has a well-known impact on
imaging gaining.

Patients who exceed the weight limit of the CT/MRI
table as defined by the manufacturer or who exceed the
gantry diameter because of their girth may end up not
receiving a pre-operative imaging assessment, which
contraindicates any further surgical approach.

Provided a patient fits the weight and girth to proceed with
a CT scan, the quality of the obtained images may be impaired
due to some technical limitations related to the exceeding
amount of adipose tissue: increased noise due to inadequate
beam penetration, limited field of view, image cropping are some
of the reported issues to deal with (44). However, it has also been
reported that patients who have predominantly intraperitoneal
or retroperitoneal fat have an enhanced visualization of
internal organ structures because of better delineation by the
surrounding fat, if compared to patients with a scarceness of
intraperitoneal adipose tissue (44) (Figure I).

With regards to MRI, typically MR scanners with a high
signal-to-noise ratio and strong gradients (1.5 T) have a
limit of 350 1b (159 kg) in weight or 60 cm in diameter (45).
Vertical field open MRIs allow for weight accommodation
up to 550 b (250 kg), but have a lower signal-to-noise
ratio and weaker gradients (45). Analogously to CT scan,
limitations of MRI in obese patients include altered
radiofrequency penetration and gradient strength, limited
field of view, augmented scanning time and radiofrequency
energy deposition on the skin where it abuts the gantry (44).
Manufacturers of CT and MRI machines make new design
changes on a yearly basis in order to accommodate obese
patients, so this limitation on imaging assessment may no
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longer be an open issue in the upcoming years.

Anesthesia considerations

The anesthetic management of elective esophageal surgery
faces an increased risk for pulmonary aspiration, possible
need for one lung ventilation (OLV) and requires a careful
post-operative pain management.

Minimizing the risk of pulmonary aspiration is essential,
especially taking into account that patients with esophageal
cancer have a baseline increased risk due to the presence
of the esophageal mass leading to stricture and motility
abnormality. In addition to that, obese patients have a
higher chance of gastro-esophageal reflux because of the
augmented intra-abdominal pressure (46,47). Therefore,
when planning to induce general anesthesia, it is important
to educate the patient on the fasting requirement prior
to surgery (48); precautions also include a rapid sequence
induction and intubation (RSII) technique, which has
proven to protect the airway and minimize the chance of
aspiration (49,50).

The airway management of obese patients is considered
challenging for several reasons: first, because restricted lung
mechanisms due to excessive adiposity lead to a reduced
functional residual capacity and to ventilation-perfusion
mismatch (51-56); second, because of obesity-related
respiratory comorbidities, namely airway hyper-reactivity
(57-59), sleep apnea (60-62) and obesity hypoventilation
syndrome (63-65); finally, because of a higher risk of post-
operative respiratory depression related to the adiposity-
altered pharmacokinetics.

Thus, it is extremely important to determine during the
pre-anesthetic planning whether OLV is necessary, and
which instrument should be used amongst the variety of
existing double-lumen endotracheal tubes and bronchial
blockers. Obesity poses additional challenges in achieving
adequate protective ventilation through OLV, but OLV
has been demonstrated to be adequate and effective (66).
Several studies on OLV (although not performed in obese
patients undergoing esophagectomy) recommended a lung
protective strategy with a tidal volume of 4-6 mL/kg of
predicted (not actual) body weight (67-69), and suggested
alveolar recruitment strategies in order to decrease dead-
space variables and enhance oxygenation (70). Practical
recommendations for intraoperative ventilation of obese
patients are summarized in Figure 2.

Post-operative pain control has to be carefully planned,
too. Thoracic epidural analgesia, paravertebral bloc,
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Tidal volume
6-8 mL/kg PBW as suggested
reasonable target

Ventilatory mode
VCV = PCV
PCV-VG may be helpful
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Airway pressure PIP/Ppl <30 cmH,0 as
suggested reasonable target

Respiratory rate
Titrated for normocapnia

Recommendations for intraoperative
ventilation of obese patients

FiO,
Minimize to assure SpO, =90%

Perioperative adjuvant maneuvers
Position: head-up or reverse Trendelenburg
Encourage deep breathing; incentive
spirometry, early mobilization
Consider perioperative CPAP/BiPAP
(pre-induction, postoperative)
Minimize respiratory depressants, consider

PEEP
Optimal fixed PEEP unknown
PEEP titrated to maximum Cdyn,
Pa0,, or SpO, seems reasonable
Combined with recruitment
maneuvers, more efficient in
reducing atelectasis and improving
oxygenation. Prepare for possible
hypotension

regional technique
Prepare for possible difficult airway
management

(Cdyn, dynamic compliance; BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; FiO,, inspiratory fraction of oxygen; PaO,, arterial

oxygen partial pressure; PBW, predicted body weight; PCV, pressure controlled ventilation; PCV-VG, pressure controlled ventilation volume guaranteed; PEEP,

positive end-expiratory pressure; PIP, peak inspiratory pressure; Ppl, plateau airway pressure; SpO,, peripheral saturation of oxygen by pulse oximetry; VCV,

volume controlled ventilation)

Figure 2 Practical recommendations for intraoperative ventilation of obese patients. From: Reference (66).

erector spinae block, or other regional anesthetic options
have to be taken into account to achieve optimal pain
management. Vigilant dose adaptation according to the
weight is necessary, since these patients may experience
altered pharmacokinetics due to malabsorption, abnormal
distribution, and altered clearance (71,72).

Intra-operative considerations and peri-operative care

The indications for esophagectomy as first therapeutic
line or for esophagectomy following neoadjuvant
chemo(radiation) therapy do not differ in obese patients,
and can be consulted in the latest version of the
NCCN Clinical Practice Guidelines for esophageal and
esophagogastric junction (EG]J) cancers (73).

This review does not cover the management of obese
patients with unresectable esophageal cancer.

Adiposity and obesity have proven to be associated with
increased morbidity after general and esophageal surgery (74).
However, studies analyzing long-term outcomes after
esophagectomy have surprisingly demonstrated a better
long-term survival in obese patients (75-77) and this was
recently confirmed by a meta-analysis (78). Therefore,
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obesity should not be considered a contraindication for
esophagectomy.

In the operating room, obese patients require specific
attention in terms of surgical planning, equipment needed,
and number of people involved in taking care of them
before, during and after the surgical procedure. This
is even more actual when esophagectomy is performed
with minimally invasive techniques, as potentially longer
operative time and more advanced technical skills may be
required. Ports placement needs to be customized according
to the body shape (apple-shaped vs. pear-shaped obesity)
and suturing the trocar holes at the end of the procedure
requires particular awareness in order to avoid the
formation of subcutaneous seroma, decubitus or hernias. If
truncal adiposity is predominant, laparoscopic instruments
and/or robotic arms reaching the surgical target may be
impinged by the impaired degree of mobility allowed by the
thick adipose layers. Moreover, an augmented amount of
intra-peritoneal fat may subvert the shape and placement of
the organs, thus leading to a higher risk of injuring noble
anatomical structures.

Despite all the aforementioned procedural challenges,
obese patients undergoing esophagectomy can definitely
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Figure 3 Post-esophagectomy BMI kinetics according to gender.
From: Reference (83).

benefit from a minimally invasive approach. Indeed,
established evidence has related minimally invasive
esophagectomy to lower pulmonary complication rates than
an open approach, with no negative impact on the oncologic
outcome (79,80).

The peri-operative care involves a careful assessment
of the obese patient to prevent the development of
morbid conditions related to surgery in general, and to
esophagectomy in particular. Patients require systemic
antibiotic prophylaxis and deep venous thrombosis
prophylaxis to prevent infectious or thrombo-embolic
complications, respectively.

Adequate enteral nutritional intake has to be maintained
through a jejunostomy tube (J7T), which is placed
intraoperatively. The JT is used for enteral feeding starting
on post-operative day 2, then advanced until feeding goals
are achieved. Interestingly, Fenton et #/. have reported a
significantly higher odds of being discharged with the JT
being used in underweight patients (BMI <18.5 kg/m?)
compared with obese (BMI >30 kg/m’) patients (odds
ratio, 7.56; 95% confidence interval, 1.19 to 48.03) (81).
It is important to perform a barium swallow or a CT with
oral contrast for any reason to suspect an anastomotic
dehiscence, always keeping in mind that obese patients
hold a higher risk for anastomotic leak and that prompt
diagnosis is key for rescuing the patient (78). New onset
of atrial fibrillation should always give rise to suspicion of
anastomotic leak, especially in obese patients with diabetes
where it has found to be more frequent than in obese
patients without diabetes (82).

To summarize, surgeons should maintain a lower
threshold in obese patients for the investigation of
complications, ensuring a scrupulous management of
comorbidities throughout the peri-operative period.
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Is there a role for weight-loss surgery?

After esophagectomy, most surgeons use a gastric conduit
to replace the esophagus and restore gastrointestinal
continuity. Alternative conduits include the colon or
jejunum as a Roux-en-Y reconstruction. This significantly
overlaps, from a conceptual standpoint, the field of bariatric
surgery. Interestingly, Ouattara er 4/. have investigated the
kinetics of weight loss after esophagectomy (83). Tracking
BMI changes over time, they reported that esophageal
cancer surgery seemed to have a substantial bariatric effect
(Figure 3).

They also focused on assessing malnutrition before and
after esophagectomy in terms of unintentional weight loss,
which is one of the most manifest side effects 6 months
postoperatively (84). Notably, preoperative overweight and
obesity have proved to be independent factors for post-
esophagectomy malnutrition (85,86). A special vigilance on
the nutritional status of these patients is therefore indicated.
According to our experience, an experienced Bariatric
Surgeon should be involved in the multidisciplinary team
approaching the obese patient with esophageal cancer—
and the ultimate decision whether to perform a bariatric
procedure prior to the esophagectomy has to be made
taking into account the patient’s BMI, comorbidities,
oncological and psychological status.

Indeed, esophagectomy can be safely performed (also
in a minimally invasive fashion) in those patients who
had received gastric bypass—as it is well tolerated and
technically feasible, and leads to acceptable oncologic
outcomes (87). Although there is no abundance of
literature investigating the role of bariatric surgery prior
to esophagectomy, Roux-en-Y gastric bypass would be the
preferred choice for weight-reduction surgery in these
patients, as the stomach could still be used later as a conduit
for reconstructing the alimentary canal continuity (88). In
this case, the Roux limb has to be divided a few centimeters
below the gastric pouch. Dissection of the celiac nodes
should be performed, and the left gastric vessels should
be divided. The remaining stomach can be completely
mobilized, preserving the gastroepiploic arcade, and the
narrow gastric conduit can be fashioned as with routine
cases. The Roux limb can be resected, re-anastomosed to
the biliary-pancreatic limb, or used to create a jejunostomy,
according to the surgeon’s preference (89,90). Finally, the
gastric pouch and the distal esophagus should be mobilized
into the mediastinum, and the gastric conduit sutured to
the gastric pouch (88) for easy retrieval from the chest. The
timing for esophagectomy has to be carefully planned—
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indeed, patients at early stage of esophageal cancer or
with a reasonable response to treatment might undergo a
weight-loss regiment first, thus offering esophagectomy
when the lower BMI could decrease their post-operative
morbidity and mortality risks. However, as previously
mentioned, no studies have been published to define the
best timing for those options in case weight-loss surgery
and esophagectomy are the chosen therapeutic options.

Conclusions

Esophagectomy in obese patients with esophageal cancer
is a safe and feasible procedure which leads to good
oncological and clinical outcomes. A careful pre-operative
multidisciplinary planning and a vigilant post-operative
management are key elements to reduce morbidity and
enhance recovery.
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