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Even in the most skilled hands, morbidity following

esophagectomy for esophageal cancer remains high, with

pneumonia being the most prominent serious morbidity,

occurring in 7.3–38% of cases.1,2 Pulmonary complications

have been associated with up to 55% of inpatient deaths

following esophagectomy and are associated with

increased length of stay, hospital cost, and the incidence of

alternative postoperative complications.2,3 Preoperative

predictive models for postoperative complications follow-

ing esophagectomy are scarce, making it difficult for

surgeons to predict accurately and easily the perioperative

risk in patients with tumors otherwise amenable to surgical

resection. Small-scale studies have identified notable risk

factors that may increase risk for postoperative pulmonary

complications, including advanced age, preexisting pul-

monary dysfunction, tobacco use, inadequate nutritional

status, performance status, tumor characteristics, and

operative factors, such as operative time.1,3 These factors,

however, are not easily modifiable to ameliorate postop-

erative risk.

In an effort to mitigate postoperative comorbidity fol-

lowing esophagectomy, and specifically postoperative

pulmonary complications, identification of modifiable risk

factors, particularly in the preoperative setting, is vital.

Although there are no published reports to establish the

effectiveness of preoperative pulmonary physiotherapy in

patients undergoing esophagectomy for esophageal cancer,

one may infer that improving perioperative exercise

capacity or lung function in this population would reduce

pulmonary complications based on existing evidence.

Preoperative chest physiotherapy has been employed with

success following lung resection, coronary artery bypass

graft (CABG), and major abdominal surgery as a means to

improve functional ability and reduce postoperative mor-

bidity.4–6 Along with smoking cessation, patient

participation in preoperative pulmonary rehabilitation

programs for a duration of up to 3 weeks contributed to

significant improvements in pulmonary function, inspira-

tory muscle function, respiratory muscle endurance,

exercise capacity, and muscle quality.4,5 In patients

undergoing CABG, nearly a 50% risk reduction in post-

operative pulmonary complications may be observed

following implementation of prophylactic tailored inspi-

ratory muscle therapy.5

The question remains: which patient should be targeted

for preoperative physiotherapy, particularly following

esophagectomy for malignancy? Algorithms and scoring

systems to evaluate pulmonary risk and overall risk of

postoperative morbidity are sparse and not sufficiently

accurate for widespread use.3,7 Objective modifiable pre-

operative markers of postoperative pulmonary

complications have yet to be identified in this population.

What appears clinically obvious in a high-risk population

group, such as esophageal cancer patients undergoing tri-

modality therapy, is not supported by good, randomized,

controlled data.

Sarcopenia as defined by presence of low muscle mass

and low muscle function may be a reproducible metric to

prognosticate outcome.8 More so than in other cancer,
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skeletal muscle mass is known to be reduced in patients

with esophageal cancer, because it is invariably associated

with malnutrition due to dysphagia, inanition, and pro-

found weight loss.8,9 Sarcopenia is becoming increasingly

recognized as the physiologic manifestation of fasting,

malnutrition, and cachexia, which itself has been associ-

ated with poor prognosis.8,9 This is particularly true in

elderly patients, who in general tend to have higher rates of

comorbidities and decreased skeletal muscle mass with

age.8,9 With respect to survival in the elderly, sarcopenia is

as important prognostically as tumor characteristics,

including tumor depth (T stage).9,10 When stratifying for

age, sarcopenia is an independent prognostic factor for

anastomotic leak and overall survival in elderly patients

with esophageal cancer.9 Prognosis overall is worse in

patients with greater postoperative skeletal muscle index

(SMI) loss compared with those with mild SMI loss.10 Both

the presence of sarcopenia before surgery, and the degree

to which sarcopenia worsens after surgery, are associated

with worse overall prognosis in cases of esophagectomy for

esophageal cancer.10

From the respiratory perspective, patients with sar-

copenia have decreased pulmonary function compared with

patients with preserved muscle function and quantity.8

Sarcopenia is an independent risk factor for postoperative

pulmonary complications and in some reports is associated

with a 2.6 relative risk of developing postoperative pul-

monary complications compared with patients without

sarcopenia.1,8 Sarcopenia influences both preoperative

respiratory function and postoperative respiratory compli-

cations, potentially through decreased muscle strength of

respiratory and pharyngeal muscles or the increased

inflammatory effect observed in sarcopenic individuals, or

both.1,8 Perhaps specific to esophagectomy, an additional

hypothesis is that sarcopenia is associated with cachexia

and, when coupled with morbid surgery, correlates to

reduced pulmonary effort, cough suppression from pain,

and ultimately the inability to clear secretions adequately,

leading to pneumonia.

Given the profound effect of sarcopenia on postopera-

tive outcomes following esophagectomy, including

pulmonary complications, it represents a high-yield target

for improving functional ability before surgery. Measure-

ments preoperatively may aid to identify patients who may

benefit from preoperative rehabilitation, nutritional sup-

port, or those with high postoperative risk in which

esophagectomy may be prohibited. However, establishing

sarcopenia as a reliable and quantitative component of

preoperative risk stratification has been challenging due to

ambiguity in data collection and to a lesser extent in con-

sistent classification. Predominant studies include

computed tomography measurements of SMI with varying

cutoff values for sarcopenia and alternative techniques for

assessment of skeletal muscle mass, including bioelectrical

impedence or dual-energy X-ray absorptiometry, all of

which may be challenging, time consuming, and ultimately

unrealistic in the course of preoperative planning.1,8–10

We applaud Kurita et al. in their attempt to establish

new, easily reproducible preoperative criteria that may

stratify patients undergoing TLE into cohorts according to

their risk of developing postoperative pneumonia, based on

skeletal muscle function. The authors evaluated the use of

hand grip strength (HGS) as a measure sarcopenia using

the revised definition established by the European Working

Group on Sarcopenia in Older People (EWGSOP2),

specifically as a predictive factor for the development of

pneumonia following esophagectomy.

This retrospective observational study from Japan

included 161 men who underwent thoracoscopic-laparo-

scopic three-hole esophagectomy following neoadjuvant

chemotherapy or radiotherapy at a single institution over a

period of 2 years. HGS was measured following neoadju-

vant treatment, with low-HGS\ 27 kg and high-

HGS C 27 kg according to EWGSOP2 definition, includ-

ing 19 (11.2%) and 142 (88.2%) patients, respectively.

Among the study population, 17.4% experienced postop-

erative pneumonia, 47.4% in the low-HGS group compared

with 13.4% in the high-HGS group (p B 0.001). Hospital

length of stay additionally was longer in the low-HGS

group compared with the high-HGS group, with mean of

16 days and 14 days, respectively (p = 0.001). Multivari-

ate logistic regression analysis demonstrated that HGS was

a significant predictive factor for postoperative pneumonia

with odds ratio (OR) of 1.21 (p =0.010). Additional

notable significant factors included postoperative laryngeal

nerve palsy [OR, 3.84; confidence interval (CI) 1.03–11.30;

p = 0.015] and age [OR, 1.09; CI 1.00–1.19; p = 0.40].

Preoperative SMI was calculated based on computer

tomography at the third lumbar vertebral level and was

found to have no association with incidence of postopera-

tive pneumonia in the study group. Evaluating predictive

accuracy for postoperative pneumonia, area under the

receiving operating characteristic was higher for HGS

compared with SMI (0.79 vs. 0.65, respectively;

p = 0.012). The authors conclude HGS is a significant

predictive factor of postoperative pneumonia after TLE for

esophageal cancer.

One major limitation of the study is the heterogeneity of

patient selection. The entirely male cohort inadequately

represents the population of patients undergoing

esophagectomy, although the female subgroup was too

small to meaningfully include in the final analysis (29

women compared with 161 men). In a subgroup analysis of

females, HGS was still significantly lower compared with

their male counterparts (22.3 vs. 34.4, respectively; p

B 0.001) with a greater proportion of women falling into
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the low-HGS classification. Although females in this study

did not experience any postoperative pneumonia, it is dif-

ficult to interpret and compare due to the low number of

patients in this cohort. Ultimately the authors decided to

exclude this female group from data analysis, making it

difficult to interpret low female HGS as it truly correlates

to postoperative pneumonia after esophagectomy.

A second meaningful limitation also acknowledged by

the author group is the inconsistency or inaccuracy of

measurement of HGS, which should have been performed

with patients resting in a seated position with forearms on

the arms of the chair. Instead, this was measured with the

patient in a standing position. It also is unclear whether

there was consistency of examiner measuring these values,

which could further add variability to the data. Finally, it

would have been interesting to have another time point

measure of HGS before initiation of any chemoradiother-

apy neoadjuvant therapy, and not just within 30 days

before esophagectomy, when many patients have already

flattened the cachexia curve.

As more emphasis is placed on outcomes-based care to

improve surgical safety and quality, the role of the data

presented by Kurita et al.11 becomes increasingly important

in preventative medicine. The need for cost-effective,

benign, targeted therapies to improve postoperative out-

comes and decrease overall healthcare expenditure is

becoming an increasingly integral component of perioper-

ative care. This is especially true in for high-risk surgical

procedures, such as esophagectomy. Reproducible, accu-

rate, and straightforward models of risk stratification are

needed to aid in the allocation of healthcare resources to

high-risk patients. Utilization of HGS as proposed by

Kurita et al.11 is an efficient and benign method of

assessing skeletal muscle function as a component of sar-

copenia, which may be obtained at the time of surgical

preoperative assessment. Its accuracy in predicting post-

operative pneumonia following esophagectomy appears to

be superior to SMI, which is still considered the used

standard metric correlating pneumonia to sarcopenia in the

surgical patient. HGS use as a solitary risk measure is still

not validated across all groups but may add value when

considered in conjunction with additional well-established

measures of risk for post-esophagectomy morbidity, and

particularly for pulmonary complications. We encourage

and look forward to continued validation of the accuracy of

this technique across a more diverse patient demographic,

which should help to stratify ‘‘at risk’’ patients undergoing

esophagectomy to additional rehabilitation measures

designed specifically to reduce postoperative morbidity.
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