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ABSTRACT

BACKGROUND: Large meta-analyses have proven the negative effects of sarcopenia on the rates of
postoperative complications and mortality, on the duration of the postoperative stay at the In-Patient
Department and on the 1-, 3- and 5-year survival of the patients. However, given that in coloproctology and
emergency surgery, the effects of sarcopenia on the outcomes are undoubtful, in the esophageal surgery
the results are extremely controversial. AIM: to evaluate the effects of sarcopenia on the complications in
patients after esophagectomy with simultaneous esophageal plasty. METHODS: At the National Medical
Research Center of Surgery named after A.V. Vishnevsky (NMRCS), a retrospective computed-tomographic
diagnostics of sarcopenia was carried out among the patients (n=111) before undergoing esophagectomy
with simultaneous esophageal plasty due to the presence of benign or malignant diseases of the esophagus.
The perioperative management of all the patients was carried out within the framework of the programs of
rationally accelerated perioperative rehabilitation. For the purpose of quantitative evaluation of sarcopenia,
the musculoskeletal index was measured. Using the logistic regression, we have evaluated the effects of
preoperational sarcopenia on the postoperative complications. RESULTS: Sarcopenia of various degree
of intensity was diagnosed in 95 (85.6%) patients. The analysis of the adjusted odds ratios did not reveal
any statistically significant relation between sarcopenia and postoperative complications. CONCLUSION:
The experience gained at the NMRCS has shown that high-quality surgical technique together with
competent perioperative management are able to alleviate the negative effects of sarcopenia on the
postoperative complications.
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BACKGROUND
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Sarcopenia is a progressive decrease of muscle
mass and physical strength. Upon the introduction
of the term in 1989, it was associated only with aged
patients [1]. Later sarcopenia was acknowledged
not only a worldwide problem, but also a separate
disease [2]. The age-related muscular atrophy begins
from 40 years of age and progressively deteriorates after
60 [3], including the cases of developing secondarily due
to inflammatory or oncological diseases, neurological
disorders, decreased physical activity and nutritional
insufficiency [4]. Sarcopenia is being diagnosed in one
out of every two persons after 80 years of age and in one
out of every ten worldwide [5]. Currently, active research
is carried out on the effects of sarcopenia on the
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postoperative complications in all the fields of surgery.
Large meta-analyses have proven the negative effects of
sarcopenia on the rates of postoperative complications
and mortality, on the duration of postoperative stay at
the In-Patient Department and on the 1-, 3- and 5-year
survival of patients [6-9]. Despite the topicality of the
problem, the gold standard of sarcopenia diagnostics is
still not approved. For the quantitative evaluation of the
muscle mass, computed tomography (CT) is often used
to measure the musculoskeletal index and the psoas
muscle index [10, 11].

Esophagectomy with simultaneous esophageal
plasty is a high-risk intervention associated with
high rate of complications and hospital mortality.
The evaluation of the risk factors of developing
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

BJINAHUE CAPKOMNEHWUWN HA OCJIOMKHEHUA
NMOCNE 330MAr3KTOMUU C OAHOMOMEHTHOMN
NAACTUKON NULLEEBOAA
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AHHOTAL A

O6ocHoBaHue. KpyrHble MeTaaHa/M3bl foKasaam HeraTuBHOE BIIMSIHUE CapKOMeHUW Ha 4acToTy roc-
JsieornepaLnoHHbIX OCJIOXKHEHWI v NIETa/IbHOCTU, A4JINTE/IbHOCTL M0C/1€0NePaLMOHHOro rnpebbiBaHus B CTa-
ymoHape u 1-, 3- u 5-1eTHIOK BbIXXNBAEMOCTb rnauneHToB. OgHaKo eC/v B KOJIOMPOKTOI0MN U 9KCTPEH-
HOW XNpYPrv BJIMSIHNE CapKOMNEHUN Ha UCXOLbl HE BbI3bIBAET COMHEHWS], TO B XVPYpIruy nuLyeBoa pe3sy/ib-
TaThl KpaviHe npoTnBopeynBsl. Ljenb nccneqoBaHuss — OLUEHUTb B/VSIHUE CapPKOMEHUU Ha OCJIOXKHEHUS
Yy naymeHTOB r1oc/ie 330¢harsKToOMun ¢ 0gHOMOMEHTHOW a30¢aronaactikon. Metogbl. B HayyoHaabHOM
MeaVLIMHCKOM WCCe[0BaTeIbCKOM LieHTpe xupyprim umM. A.B. BuiuHesckoro (HMWLX) nposenn petpo-
CMEKTUBHYIO KOMIMbIOTEPHO-TOMOrpauyeCcKyro anarHoOCTUKY capKoneHun nauneHtam (n=111) nepeg a3o-
harskTomMuer ¢ OQHOMOMEHTHOM 330¢haronaacTUKoN o rnoBoay A06POKa4YECTBEHHbIX U 3/10KAYECTBEH-
HbIx 3aboneBaHwii nuesoga. NepyonepaynoHHoe obecrieyeHne BCeX rnayneHToB Mpoxoanao B paMmKax
rporpamMmbi paLmoHaibHO YCKOPEHHOW nepruonepalynoHHo peabunntaumy. 115 KOnM4eCTBEHHON OLEHKM
CapKOMNeHUN U3MEPSIIN CKEIETHO-MbILLEYHbIV HAEKC. C MOMOLLbIO JIOMMCTUYECKOM PErpeccuy OLeHUN
B/IVSIHME NpeaonepaynoHHON CapKONeHUn Ha rocaeonepaLoHHbIe OC/IOKHeHUs. Pe3ynbratel. Capko-
MEeHNI0 Pa3HOW CTENEHW BbIPaXKeHHOCTY guarHoctuposaam y 95 (85,6%) naumeHToB. AHaIN3 CKOPPEKTU-
[POBaHHbIX OTHOLLEHWI LLIAHCOB HE BbISIBU CTAaTUCTUYECKU 3HAYUMOU accouymaLmm Mexay CapKorneHuewn
M riocseonepaLnoHHbIMU OCIOXKHeHUsMU. 3aknoveHune. OnbiT HMVILIX nokasas, 4TO Ka4eCTBEHHas! Xu-
pyprudeckasi TexHvKa BKyrne C rpaMOTHbIM repuonepaLmoHHbIM 06ecrne4eHneM crioCobHbl HUBEIUPOBATh
HeraTuBHOE BJINSIHVNE CapPKOMEHUM Ha rocaeonepaLnoHHbIe OC/I0XKHEHMS.

Knro4eBbie cnoBa: capKoneHus; 330¢haraKToMus; 330¢harorniacTuka; yCKopeHHas peabuantaLms.
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complications during esophagectomy and

their

divided into two groups for the purpose of defining the

prevention is a promising direction of scientific search,
however, while in coloproctology [9] and emergency
surgery [8] the effects of sarcopenia on the outcomes
are undoubtful, in the surgery of the esophagus, the
results are extremely controversial [12, 13].

Research aim — to evaluate the effects of
sarcopenia on the complications in patients after
esophagectomy with simultaneous esophageal plasty.

METHODS

Research design

A single-center retrospective research was
carried out with 500 primary esophagectomies with
simultaneous esophageal plasty. At the first stage
after evaluating the complications, the patients were

risk factors of developing complications. During the
second stage of the research, the same parameters
were assessed in patients, in which measurements
were undertaken of the musculoskeletal index and
sarcopenia was ruled out. The third stage included
re-grouping of the patients with the CT-diagnostics of
sarcopenia for evaluating its effects on the development
of postoperative pneumonia. Additionally, an attempt
was made to compile a predictive model indirectly
evaluating the musculoskeletal index, based on the
basic anthropometric and clinical-laboratory findings.

Conformity criteria
Inclusion criteria. Initially, the research work
was including all the patients, in which the primary
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esophagectomy with simultaneous esophageal plasty
was carried out within the framework of the program
of rationally accelerated perioperative rehabilitation
(the RUPOR program). The inclusion criterion of
the sarcopenia research was the presence (at the
premises of the research facility) of the pre-operational
CT-images, obtained at least 3 months before
the intervention, having no artifacts complicating
the interpretation.

Non-inclusion criteria: low quality of pre-operational
CT-images, absence of past CT-data in the archive

Exclusion criteria: emergency surgical interventions

Research facilities

The research work was conducted at the Federal
State Budgetary Institution “National Medical Research
Center of Surgery named after A.V. Vishnevsky” under
the Ministry of Health of the Russian Federation
(NMRCS).

Research Duration
The duration of the retrospection was from 2012
until 2024.

Medical procedure description

The RUPOR program included the obligatory
examination of the patient by the interdisciplinary team
at the pre-hospital phase. All the patients had their body
mass index (BMI) measured along with determining the
Charlson Comorbidity Index (CCI), with the degree of
anesthetic risk evaluated using the standards of the
American Society of Anesthesiologists (ASA), the risk
of cardiac complications was assessed using the Lee
Criteria, while the risk of nutritional insufficiency was
estimated using the Nutrition Risk Screening 2002
(NRS-2002), among other studied parameters were
also the clinical-laboratory and instrumental findings. If
necessary, the patients were receiving the pre-operative
preparation measures. During the intraoperative period,
normothermia and normovolemia were maintained
along with the protective pulmonary ventilation and
prevention of postoperative nausea and vomiting, of
thromboembolic and infectious complications.

All the patients from the test group were undergoing
a sub-/total esophagectomy with simultaneous
esophageal plasty. On the morning of the first
postoperative day, the patients were transferred to
a specialized department with removing the urinary
catheter and the pleural draining tube provided the
aerostasis was maintained and less than 400 ml of
discharge was produced. In a routine manner, all the
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patients were instructed to avoid oral intake of water
until postoperative day 5 (the day of the first radiology or
CT-control); infusion therapy was prescribed along with
complete parenteral feeding. In case of the satisfactory
quality of the cervical co-junction (positive intraoperative
evaluation of the viability of the gastric transplant
and of the esophageal stump) and in the absence of
aspiration or incompetent (leaking) anastomosis upon
the radiology control, the patients were allowed to
drink water from day 1 and to sip from postoperative
day 2. The intake of strained food was possible from
postoperative day 3 after a satisfactory secondary
radiology control. Postoperative complications were
evaluated using the unified register of the Consensus
group on complications during esophagectomy
(Esophagectomy Complications Consensus Group,
ECCQG) [14]. Isolated hydrothorax related to the early
removal of the pleural draining tube (on postoperative
day 1) was not considered a complication.

Research outcomes

Main research outcomes. An evaluation of
postoperative complications after esophagectomy
with esophageal plasty; evaluation of the effects of
sarcopenia on the post-operative complications in
general and postoperative pneumonia in particular.

Additional  research  outcomes.  Compiling
a predictive model, indirectly evaluating the
musculoskeletal index based on the basic
anthropometric (body weight, height, BMI) and
clinical-laboratory (blood levels of hemoglobin, iron,
albumin, transferrin and total protein) parameters.

Subgroup analysis

For the purpose of quantitatively evaluating the
sarcopenia, we have measured the musculoskeletal
index using CT-sarcometry. The measurements were
carried out using the axial CT-scans at the level of L3
vertebral bone. The threshold range of the attenuation
coefficient varied from -29 to +150 Hounsfield units (HU).
A volume of all the skeletal muscles was calculated at the
scan zone (paraspinal, major psoas, oblique and rectus
abdominal muscles) with excluding other structures.
The measurements were carried out by semiautomatic
method in the Slicer 5.6.2. software. The segmentation
of the image within the pre-set densitometric values
was done automatically, while the structures not related
to the muscle tissue were removed manually (Fig. 1, 2).
The musculoskeletal index was calculated as a ratio
of the area of skeletal muscles (cm?) to the square
value of the patient height (m?). The threshold values
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Fig. 1. Preoperational computed tomography image of the
patient without sarcopenia (the area of the muscle tissue
is 215.5 cm?, the musculoskeletal index is 63 cm2/m?). The
muscle tissue is highlighted with red color. Axial projection,
soft-tissue window.

of musculoskeletal index, below which the status of
the muscle tissue was considered as sarcopenia, were
the classical Prado criteria — 52.4 cm?/m? for males
and 38.5 cm?/m? for females [15]. For the purpose of
simplification of the interpretation of the obtained
values, they were presented not as absolute values, but
as aratio of the obtained value to the lower margin of the
reference ranges for the given gender (musculoskeletal
index). Besides, all the patients at the pre-operative
stage had their BMI, body mass and height measured
along with the levels of hemoglobin, iron, albumin,
transferrin and total protein in blood.

Methods of registration of outcomes

For the diagnostics of postoperative complications
(pneumonia, incompetence of anastomosis and
necrosis of the transplant), the procedures included
a CT examination of the chest cavity organs and of
the abdominal cavity with oral contrasting on the first
and fifth, or on the third and seventh post-operative
days. Besides, the same examination was carried out
in cases of sudden worsening of the patient’s status.
Other complications were suspected based on the
clinical data with further verification with the aid of
laboratory and instrumental methods.

Statistical analysis

The sample size was not pre-calculated.

The descriptive statistics for categorical variables
was presented by the absolute and the relative rates,
and for quantitative variables — by the mean values
(standard deviation, SD) and the median ([min; max]);

Fig. 2. Preoperational computed tomography image of
the patient with sarcopenia (the area of the muscle tissue
is 44.5 cm?, the musculoskeletal index is 17 cm?/m?). The
muscle tissue is highlighted with red color. Axial projection,
soft-tissue window.

tables 1, 3 and 6 also provide the p values for testing the
null hypothesis on the absence of association between
the factors and the development of complications. For
the categorical factors, the x? (chi-square) test was
used, while for the quantitative ones — the t-test.

A basic model of logistic regression was compiled
for the evaluation of the probability of developing
complications, including the main factors of developing
complications. The selection of factors for the basic
model was undertaken based on the domain terms.
The statistical procedures of building the model (for
example, stepwise regression) were not used. The age
and the gender were added to the model as “universal
confounders”. The evaluation of the nutritional status
of the patient, the severity of the concomitant diseases
and the complexity of the intervention were indirectly
presented by the BMI, by the comorbidity index and
by the duration of surgery, respectively.

The main analysis of the association for the factors
of interest with the development of complications after
surgery was carried out using the logistic regression;
a factor of interest was added to the basic model.
For the odds ratios, calculated by means of logistic
regression, p-values and 95% confidence intervals
were provided, calculated by the Wald’s method
using robust evaluations of the standard errors
(HC4 sandwich estimator). The analysis of the
correctness of the models was carried out visually using
the QQ-plots for residuals, the residuals vs. fitted plots,
the scale-location diagrams and the residuals-leverage
plots, as well as the partial residuals plots. In all the
cases, the quality of the models was satisfactory.
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For the evaluation of the predictive power of
the statistical association between the variables,
the Pearson correlation was used. For building the
predictive model, we have used the multifactorial linear
regression. The evaluation of the predictive quality of
the obtained model was carried out using the adjusted
coefficient of determination (adjusted R2).

No adjustments for multiple comparisons were
used. The available case analysis was applied with no
imputation of data. The tests were conducted at the
significance level of a=0.05.

RESULTS

Research sample (participants)

At the NMRCS, the analysis included 500 medical
records of the patients, in which primary esophagectomy
was done with simultaneous esophageal plasty due to
its benign (54%) or malignant (46%) diseases within the
framework of the RUPOR program during the period
from 2012 until 2024. The pre-operative preparation was
done in 27.8% of the patients, of which, the correction
of the nutritional status was required in 21.8% of the
cases, and of the concomitant diseases — in 7%.

All the patients from the test group underwent sub-/
total esophagectomy, 2.6% — combined with
gastrectomy or subtotal proximal resection of the
stomach. All the surgeries were done using the open
transthoracic (44.6%) or transhiatal (55.4%) access
with the formation of manual cervical anastomosis.
In 92.6% of the patients, the gastric tube was
used for esophagoplasty. During the combined
esophagogastrectomy and in cases of the stomach not
being suitable for esophagoplasty, the reconstruction was
undertaken using the colon (6.2%). In case of a significant
deficit in the length of the gastric tube (1.2%), a combined
transplant was used, for which the gastric tube was
dissected from the duodenum, and the diastasis formed
was replaced with a pedunculated jejunal segment. The
median of the surgery duration was 390 minutes.

From the year 2017, 97.4% of the patients were
extubated in the surgery room and transferred to
the intensive care unit (ICU) for further follow-up.
The median of patients stay at the Intensive Care Unit
was 0.67 days.

The program of early oral nutrition was applied
to 96 (19.2%) patients. Postoperative complications
were found in 146 (29.2%) patients. In 50 (10%)
patients, postoperative pneumonia has developed.
The incompetence of esophageal anastomosis
(leakage) was diagnosed in 11 (2.2%) cases, also, in
11 (2.2%) patients, apical necrosis of the conduit was
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verified, while the additional 11 (2.2%) having a subtotal
necrosis of the transplant. The median of stay at the
In-Patient Department was 9 postoperative days, while
the hospital mortality was 1.4%.

In the subgroup of patients with conducted
CT-diagnostics of sarcopenia, 33 (30%) were receiving
the pre-operative preparation, of which 19 (17%) included
the correction of nutritional status (tube/parenteral/
combined feeding), 13 (11.7%) underwent diagnostic
coronarography, after which 3 (3%) underwent the
transcutaneous coronary intervention, 2 (2%) —
coronary artery bypass grafting. Before the scheduled
esophagectomia, 2 (2%) patients underwent carotid
endarterectomy, in 1 (1%) patient, a constant electronic
cardiac pacemaker was installed. After surgery, all
the patients were extubated at the surgery room and
transferred to the Intensive Care Unit. The median of
stay at the Intensive Care Unit was 0.7 days, the median
of postoperative stay at the In-Patient Department was
9 days. Complications after surgery were reported
in 34% of the cases. The postoperative pneumonia
was diagnosed in 14 (13%) patients. Incompetence of
esophageal anastomosis was found in 3 (3%) patients,
while the apical necrosis of the gastric tube was found
in 2 (2%). The hospital mortality in the test subgroup
was 0%.

Primary findings

At the first stage of the research, after an
evaluation of the complications, 500 patients
were divided into two groups with or without
complications (table 1).

Postoperative complications were statistically
significantly more often diagnosed in older patients
(p=0.0011). The duration of the intervention and
anesthesia, the type of access, the ASA and the
comorbidity index also significantly differed in a group
of patients with postoperative complications (p <0.001).

The results obtained based on the basic regression
model, are provided in table 2. The model included the
age and gender as the “universal confounders”, the
BMI (as the evaluation of the nutritional status of the
patient), the comorbidity indexes (the evaluation of the
severity of the concomitant diseases) and the duration
of surgery (an evaluation of the complexity of surgery).
The analysis of the adjusted odds ratios did not show
any statistically significant association between the
probability of developing complications and the age,
the gender, the BMI and the comorbidity index, despite
the fact, that the mean age statistically significantly
differed between groups during the one-way
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Basic descriptive statistics of the patients included into the research

Parameter

Age, years

Mean (SD)
Median [min; max]
Gender:

e male

e female

Weight, kg

Mean (SD)
Median [min; max]
Body mass index:
Mean (SD)
Median [min; max]
Classification of body mass index:
<18.5 kg/m?
18.5-24.9 kg/m?
>25 kg/m?
Smoking:

° no

* yes
NRS-2002:

Mean (SD)
Median [min; max]
No data
Comorbidity index:
Mean (SD)
Median [min; max]
Lee scale:

Mean (SD)
Median [min; max]
ASA:

Mean (SD)

Median [min; max]

202 (57.1%)
152 (42.9%)

69.7 (16.3)
68.0 [34.0; 125]

241 (5.19)
23.7 [14.4; 40.0]

54 (15.3%)
161 (45.5%)
139 (39.3%)

268 (75.7%)
86 (24.3%)

2.70 (0.826)
3.00 [1.00; 5.00]
1 (0.3%)

312 (2.42)
3.00 [0; 10.0]

1.20 (0.490)
1.00 [0; 3.00]

2.57 (0.666)
3.00 [1.00; 4.00]

Loss of body weight >10% per 6 months:

® no

* yes

256 (72.3%)
98 (27.7%)

Patients
no complications with complications
(n=354) (n=146)
55.0 (13.7) 59.4 (13.3)
57.0 [18.0; 89.0] 61.0 [19.0; 89.0]

97 (66.4%)
49 (33.6%)

70.2 (15.5)
69.0 [37.0; 105]

24.0 (4.84)
22.8 [15.1; 37.2]

20 (13.7%)
74 (50.7%)
52 (35.6%)

98 (67.1%)
48 (32.9%)

2.80 (0.902)
3.00 [1.00; 5.00]
1(0.7%)

4.22 (2.49)
4.00 [0; 10.0]

1.32 (0.610)
1.00 [0; 3.00]

2.80 (0.650)
3.00 [2.00; 4.00]

102 (69.9%)
44 (30.1%)

Total
(n=500)

56.3 (13.7)
59.0 [18.0; 89.0]

299 (59.8%)
201 (40.2%)

69.8 (16.1)
69.0 [34.0; 125]

24.0 (5.09)
23.5 [14.4; 40.0]

74 (14.8%)
235 (47.0%)
191 (38.2%)

366 (73.2%)
134 (26.8%)

2.73 (0.849)
3.00 [1.00; 5.00]
2 (0.4%)

3.44 (2.49)
3.00 [0; 10.0]

1.24 (0.530)
1.00 [0; 3.00]

2.64 (0.669)
3.00 [1.00; 4.00]

358 (71.6%)
142 (28.4%)

2025

Vol 16 11

Table 1

0.0011

0.065

0.71

0.89

0.57

0.063

0.25

<0.001

0.034

<0.001

0.66

The total volume of intraoperative infusion therapy taking into consideration fulfilling the losses, mi/kg per hour

Mean (SD)

Median [min; max]

The duration of surgery, min
Mean (SD)

Median [min; max]

4.45 (1.67)

4.30 [-0.751; 14.0]

391 (99.9)
370 [230; 755]

4.36 (1.69)
4.28 [0; 9.93]

437 (111)
438 [240; 780]
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4.42 (1.68)

4.29 [-0.751; 14.0]

404 (105)
390 [230; 780]

0.61

<0.001
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Continued
Patients
Parameter no complications with complications
(n=354) (n=146)
The duration of anesthesia, min
Mean (SD) 484 (109) 529 (125)

Median [min; max] 463 [300; 850] 520 [300; 880]

Access:
e transthoracic

132 (37.3%) 90 (61.6%)

e transhiatal 222 (62.7%) 56 (38.4%)
Transplant type:

e gastric tube 329 (92.9%) 134 (91.8%)
e intestinal tube 21 (5.9%) 10 (6.8%)

e combined 4 (1.1%) 2 (1.4%)
Incompetence of anastomosis or sub-/total necrosis of the conduit:

* yes 0 (0%) 33 (22.6%)
°* no 354 (100%) 113 (77.4%)
Musculoskeletal index before surgery (adjusted for gender):

Mean (SD) 0.704 (0.317) 0.633 (0.250)

0.592 [0.193; 2.24]
281 (79.4%)

0.551 [0.321; 1.20]
108 (74.0%)

Median [min; max]

No data on MSI

Musculoskeletal index before surgery:
Mean (SD)

Median [min; max]

No data on MSI

32.3 (14.6)
28.8 [10.1; 86.4]
281 (79.4%)

29.7 (13.1)
24.6 [14.5; 63.0]
108 (74.0%)

ORIGINAL STUDY ARTICLE

Total
(n=500)

497 (116)
480 [300; 880]

222 (44.4%)
278 (55.6%)

463 (92.6%)
31 (6.2%)
6 (1.2%)

33 (6.6%)
467 (93.4%)

0.680 (0.297)
0.589 [0.193; 2.24]
389 (77.8%)

31.4 (14.9)
27.4 [10.1; 86.4]
389 (77.8%)

Table 1

<0.001

<0.001

0.9

<0.001

0.2

0.36

Note. Here and in the table 3: CO is the standard deviation; min; max are the minimum and maximum values, respectively.

Risk factors of developing complications (500 patients)

Adjusted odds ratio (OR)

Parameter
Odds ratios p
Constant 0.0794 0.003
Age, years 1.01 0.489
Females 0.809 0.333
Body mass index 0.975 0.209
Comorbidity index 113 0.062
Surgery time, min 1.00 0.001

95% CI
L
0.0151
0.984
0.526
0.937
0.994
1.00

Table 2

U
0.417
1.03
1.24
1.01
1.28
1.01

Note. p value for the «model-submodel» test type — the likelyhood ratio is 0.44; the values were rounded to the third
significant figure, the p-values were rounded to the third decimal place. Here and in the table 4, 5: Cl — Confidence interval;

L — lower; U — upper.

(unifactorial) analysis. It is important to note that the
confidence intervals for the effect of the age, for the female
gender and for the comorbidity index are sufficiently
wide and include clinically significant values. Despite the
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absence of statistical significance, it cannot be claimed
that there is no practically significant association of the
probability of developing complications with the gender,
the age or the comorbidity index.
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During the second stage, the same descriptive
statistics parameters were evaluated in a subgroup
of patients, which had their muscle mass volume
measured (table 3), with that the sarcopenia of various
degree was diagnosed in 95 (85.6%) patients.

Postoperative complications statistically significantly
more often were diagnosed in patients with higher
degree of anesthetic risk (p=0.0042) in case of long-term
(p=0.046) transthoracic interventions (p=0.017), while
the age and the comorbidity index did not statistically
significantly differ in the groups. Despite the fact that
mean BMI value in both groups was comparable, the
distribution of patients with the body weight deficit
and excess statistically significantly differed (p=0.049).
The mean value of the musculoskeletal index before
surgery was also comparable between the groups and
did not statistically significantly differ.

For a more detailed analysis of the effects of the
musculoskeletal index on the risk of developing
complications, unifactorial (table 4) and multifactorial
(table 5) regression models were built with the inclusion
of the basic parameters, tested in a large sample of
patients. Both models did not demonstrate a statistically
significant association of the musculoskeletal index

Table 3
Basic descriptive statistics (111 patients): evaluation of sarcopenia in groups with or without complications
Patients
Parameter no complications  with complications (::ﬁ:) P
(n=73) (n=38)
Age, years
Mean (SD) 56.5 (14.5) 59.1 (14.5) 57.4 (14.5) 0.37
Median [min; max] 58.0 [25.0; 84.0] 62.0 [19.0; 82.0] 61.0 [19.0; 84.0]
Gender:
e male 40 (54.8%) 23 (60.5%) 63 (56.8%) 0.71
e female 33 (45.2%) 15 (39.5%) 48 (43.2%)
Weight, kg
Mean (SD) 70.8 (16.7) 66.5 (16.3) 69.3 (16.6) 019
Median [min; max] 70.0 [42.0; 110] 64.0 [37.0; 105] 69.0 [37.0; 110]
Body mass index:
Mean (SD) 24.5 (5.50) 23.3 (4.81) 241 (5.28) 0.23
Median [min; max] 24.6 [14.8; 37.9] 22.2 [15.6; 36.3] 23.9 [14.8; 37.9]
Classification of body mass index:
<18.5 kg/m? 11 (15.1%) 5 (13.2%) 16 (14.4%)
18.5-24.9 kg/m? 27 (37.0%) 23 (60.5%) 50 (45.1%) 0.049
>25 kg/m? 35 (47.9%) 10 (26.3%) 45 (40.5%)
Smoking:
°® no 55 (75.3%) 26 (68.4%) 81 (73.0%)
° yes 18 (24.7%) 12 (31.6%) 30 (27.0%) 0-58

with the probability of developing postoperative
complications, nevertheless, taking into consideration
the wide confidence intervals for OR (both adjusted
and non-adjusted), there is insufficient data to rule
out the presence of clinically significant association
of the musculoskeletal index with the development
of complications. Based on the obtained data,
within the frameworks of the RUPOR program, the
musculoskeletal index and sarcopenia were not
associated with the development of postoperative
complications in a statistically significant manner.

Additional findings

We have tried to compile a predictive model,
indirectly estimating the musculoskeletal index based
on the basic anthropometric and clinical-laboratory
findings. For this compilation, we have examined
the inter-relation of the musculoskeletal index with
the BMI, the body mass, the height, the levels of
hemoglobin, iron, albumin, transferrin and total protein
in blood. The most close relation was found for the
musculoskeletal index and the BMI (r=0.37), the body
mass (r=0.35) and the albumin levels (r=0.3), where “r”
is the Pearson correlation coefficient. As for the other
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Parameter

NRS-2002:

Mean (SD)
Median [min; max]
Comorbidity index:
Mean (SD)
Median [min; max]
Lee scale:

Mean (SD)
Median [min; max]
ASA:

Mean (SD)

Median [min; max]

Continued
Patients
no complications with complications
(n=73) (n=38)
2.67 (0.728) 2.84 (0.718)
3.00 [1.00; 4.00] 3.00 [2.00; 5.00]
3.82 (2.67) 4.29 (2.40)
4.00 [0; 10.0] 4.00 [0; 10.0]
1.33 (0.554) 1.42 (0.599)
1.00 [1.00; 3.00] 1.00 [1.00; 3.00]
2.64 (0.609) 2.95 (0.462)
3.00 [1.00; 4.00] 3.00 [2.00; 4.00]

Loss of body weight >10% per 6 months:

® no

e yes

55 (75.3%)
18 (24.7%)

25 (65.8%)
13 (34.2%)

ORIGINAL STUDY ARTICLE

Total
(n=111)

2.73 (0.725)
3.00 [1.00; 5.00]

3.98 (2.58)
4.00 [0; 10.0]

1.36 (0.569)
1.00 [1.00; 3.00]

2.75 (0.579)
3.00 [1.00; 4.00]

80 (72.1%)
31 (27.9%)

Table 3

0.24

0.35

0.43

0.0042

0.4

The total volume of intraoperative infusion therapy taking into consideration fulfilling the losses, mi/kg per hour

Mean (SD)

Median [min; max]

The duration of surgery, min
Mean (SD)

Median [min; max]

The duration of anesthesia, min
Mean (SD)

Median [min; max]

Access:

e transthoracic

e transhiatal

Transplant type:

e gastric tube

e intestinal tube

e combined

4.44 (1.82)
4.29 [1.55; 14.0]

399 (93.1)
390 [240; 625]

491 (101)
480 [300; 730]

33 (45.2%)
40 (54.8%)

65 (89.0%)
6 (8.2%)
2 (2.7%)

4.30 (1.24)
4.21 [2.17; 7.24]

442 (113)
438 [260; 780]

539 (127)
533 [330; 880]

27 (71.1%)
11 (28.9%)

34 (89.5%)
3 (7.9%)
1 (2.6%)

Incompetence of anastomosis or sub-/total necrosis of the conduit:

e yes

® no

Musculoskeletal index before surgery (adjusted for gender):

Mean (SD)

Median [min; max]

0 (0%)
73 (100%)

0.704 (0.317)

0.592 [0.193; 2.24]

Musculoskeletal index before surgery:

Mean (SD)

Median [min; max]

24

32.3 (14.6)
28.8 [10.1; 86.4]

5 (13.2%)
33 (86.8%)

0.633 (0.250)

0.551 [0.321; 1.20]

29.7 (13.1)
24.6 [14.5; 63.0]

https://doi.org/10.17816/clinpract646054

4.39 (1.64)
4.22 [1.55; 14.0]

414 (102)
405 [240; 780]

507 (112)
495 [300; 880]

60 (54.1%)
51 (45.9%)

99 (89.2%)
9 (8.1%)
3 (2.7%)

5 (4.5%)
106 (95.5%)

0.680 (0.297)
0.589 [0.193; 2.24]

31.4 (14.9)
27.4 [10.1; 86.4]

0.63

0.046

0.044

0.017

0.0072

0.2

0.36
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Table 4

Unifactorial (one-way) regression model: the evaluation of the effects of sarcopenia on the probability
of developing postoperative complication

Unadjusted odds ratio (OR)

Parameter 95% CI
OR p-value
L U
Constant 0.954 0.929 0.339 2.69
The musculoskeletal index before surgery 0.402 0.227 0.0918 1.76
Table 5

Multifactorial regression model: the evaluation of the effects of sarcopenia on the postoperative complication

Adjusted odds ratio (OR)

Parameter 95% ClI
OR p-value
L U
Constant 0.239 0.421 0.00734 7.80
Age, years 1.02 0.591 0.961 1.07
Females 0.803 0.628 0.331 1.95
Body mass index 0.932 0.145 0.848 1.02
Comorbidity index 0.990 0.947 0.730 1.34
Surgery time, min 1.01 0.032 1.00 1.01
Musculoskeletal index before surgery 0.506 0.467 0.0809 3.17

factors, the correlation coefficient of the module did
not exceed 0.18.

After building a multifactorial linear model, none of
the factors (gender, BMI, body weight, height, levels of
hemoglobin, iron, albumin, transferrin and total protein
in blood), included into the model, was statistically
significantly associated with the musculoskeletal index
(Fig. 3). The total p-value for the whole model was 0.07,
the adjusted coefficient of determination (R? was 0.12.
Hence, the potential of studied factors for predicting
the musculoskeletal index is weak. These factors
poorly describe the variability of the index. The basic
anthropometrical and clinical-laboratory parameters
do not predict sarcopenia in patients with the diseases
of the esophagus.

Undesirable phenomena

Postoperative complications were reported in
146 (29.2%) patients. The most frequent complication
was the postoperative pneumonia — 50 (10%)
patients. Cardiac rhythm disorders (expressed as
atrial fibrillations) were diagnosed in 30 (6%) cases,
incompetence of the esophageal co-junction — in
11 (2.2%), necrosis of the transplant — in 22 (4.4%), of

which 11 (2.2%) patients had an apical necrosis of the
conduit, requiring conservative therapy, while another
11 (2.2%) had a sub-/total necrosis of the transplant,
which was accompanied by its extirpation and by the
elimination of the esophago- and gastro-/jejunostomas.

DISCUSSION

This article presents a single-center experience
of perioperative managing of esophagectomy with
simultaneous esophageal plasty within the framework
of the RUPOR program. Retrospectively, using the
radial diagnostics methods, sarcopenia was diagnosed
in 85.6% of the patients. Despite such a high
occurrence rate, it did not affect the complications after
esophagectomy within the premises of the NMRCS.

In the scientific literature worldwide, the data
on the effects of sarcopenia on the postoperative
complications is controversial. In 2019, the first meta-
analysis was published, describing the effects of
sarcopenia on the treatment outcomes in esophageal
cancer patients [16]. The authors came to the conclusion
that sarcopenia worsens the long-term prognosis for
the patients (3- and 5-year survival). After 4 years, the
other meta-analyses based on the updated worldwide
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Fig. 3. Paired scattering diagrams and Pearson correlation coefficients for the risk factors of developing complications
in general (musculoskeletal index, gender, body mass index, body weight, height, levels of hemoglobin, iron, albumin,

transferrin and total protein in blood).

data have concluded that sarcopenia is an independent
risk factor for postoperative complications in general,
for the incompetence of anastomosis and respiratory
complications in particular, and it significantly
decreases the total and the relapse-free survival in
patients with esophageal cancer [17, 18].

Upon the detailed review of the articles included
into the meta-analysis, the inhomogeneity of the
studied patients stands out. The occurrence rate of
sarcopenia in groups varies from 15-16.5% [19, 20]
to 70-75% [13, 21], which is partially related to the

26

absence of a unified standard of CT-diagnostics of
sarcopenia. The investigators have evaluated various
muscle groups and quantitative parameters, more
often determining the musculoskeletal index, but
some articles included the measurements of the
psoas muscle index [21-23] and even the volume of
the masticatory muscles [24]. When evaluating the
musculoskeletal index, various reference ranges were
used. Some investigators were applying the classical
Prado criteria (52.4 cm2/m? for males and 38.5 cm?/m?
for females) [15], others were decreasing the lower
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reference range for males down to 43 cm?/m? in cases
of the BMI <25 kg/m? [25, 26] and were insignificantly
changing the values for females. However, more
interesting are the research results themselves,
used for proving the effects of sarcopenia on the
postoperative complications. Thus, in a research by
B. Soma et al. [26], including 109 patients, sarcopenia
was diagnosed in 44% of them. In sarcopenia patients,
the duration of stay at the Intensive Care Unit was
increasing from 5 to 6 days, the hospitalization — from
33 to 46 postoperative days, the rate of anastomosis
incompetence — from 17.5% to 20%, while the rates
of postoperative pneumonia — from 11% to 33%.
The research was finalized with a conclusion that
sarcopenia significantly increases the rate of respiratory
complications. In other research, sarcopenia was
increasing the rate of complications from 36% to
63% [27], with all of these data, all the patients were
intraoperationally receiving a nutritional jejunostoma
with an installation of the decompression nasogastral
tube and the pleural draining tube was removed on
the eighth postoperative day. U. Fehrenbach et al. [12]
have analyzed the treatment results in 85 patients
with diagnosing complications in 72% of the cases
and the incompetence of anastomosis — in 12.8%.
The research has shown that sarcopenia patients had
a significantly longer hospitalization period — from
19 to 32, while in cases of sarcopenic obesity —
from 24 to 71 postoperative days, but S.R. Siegal
et al. [28] did not find a relation between sarcopenia
and increased morbidity, mortality or relapse-free
survival rate in a large sample of patients (n=173) and
the occurrence rate of sarcopenia (73.4%).

Due to the high-quality surgical technique employed
by the operating surgeon, to the adequate perioperative
management and preoperational preparation of the
patients, even in cases of sarcopenia (85.6%), it can be
possible to maintain a relatively low rate of postoperative
complications (34%) in general, of pneumonia (13%)
and of the incompetence of the anastomosis (3%) in
particular, with the duration of postoperative period
being up to 9 postoperative days.

Research limitations

It is worth noting that all the research works were
evaluating only the patients with esophageal cancer. At
the NMRCS, only 54% of surgeries were undertaken
due to the presence of the oncology disease. In the
other patients, the interventions were carried out due
to the presence of benign diseases of the esophagus
(esophageal stricture, cardial achalasia grade 1V,

grade Il short esophagus, fistula). It is the possible
reason of such a high occurrence of sarcopenia, for
in cases of benign diseases, the mean body weight
loss is higher and the disease history is longer. For
the statistical processing of the information, we
have employed the logistical regression, but not the
standard dichotomization of the continuous variable
used in other articles. The logistical regression provides
a higher probability of detecting the relation between
the data and ruling out the effects of sarcopenia on the
outcomes of treatment in the patients [29, 30].

CONCLUSION

Esophagectomy with simultaneous esophageal
plasty is a surgery associated with high risk
of complications and mortality. Due to the
implementation of the RUPOR program developed at
the NMRCS, the rates of life-threatening complications
(pneumonia, incompetence of anastomosis, necrosis
of the transplant) and mortality after reconstructive
interventions were significantly lower comparing to the
worldwide data. Sarcopenia was diagnosed in 85.6%
of the NMRCS patients — and this is a significant
and proven factor, worsening the treatment results
for the patients, however, based on the analysis of
our data, sarcopenia does not affect the development
of postoperative complications. The experience
from the NMRCS has shown that the high-quality
surgical technique together with proper perioperative
management can alleviate the negative effects of
sarcopenia.
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