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Abstract

Introduction: The metabolism of the body is a complicated process. The most important organ of the organism that affects
the intensity of changes is the liver. An effective treatment method of primary and metastatic tumours is a partial resection of
the organ. The analysis of changes in the body composition of patients undergoing this type of treatment allows identification

of problems coexisting with the underlying disease.

Aim: To evaluate changes in the parameters of body composition and the amount of resting metabolism.
Material and methods: The study group consisted of 87 patients who underwent resection of changes in the liver or ther-

moablation of focal lesions during hospitalisation.

Results: Analysis of the data showed that the surgical intervention contributes to a statistically significant (p < 0.05) de-
crease in the value of the phase angle. A significant increase was noted within the extra cellular water content. The amount of
resting metabolism in the postoperative period did not differ significantly; however, there was an upward trend in women and

a downward trend in men.

Conclusions: Surgical resection of lesions aimed at extending the survival of patients are performed more and more often,
while the consequences of these operations are not sufficiently known. The adverse effect of resection treatments on body com-
position parameters, mainly imaged by decreasing the phase angle value, should be minimised. Effects on metabolism remain
ambiguous because no significant changes have been demonstrated in the postoperative period.

Introduction

The neoplastic changes detected at the appropri-
ate stage in the liver, which is the organ responsible
for the metabolism of macronutrients, can be cured by,
among others, radical resection. In the vast majority of
patients, these tumours form in the initially unchanged
pathologically and fully functional parenchyma due to
translocation in the course of carcinogenesis. The most
common primary location is adenocarcinoma of the
large intestine, for which the incidence over the last
decades has an unstoppable upward trend. Other caus-
es of hepatic proliferation include: chronic inflammation
involving a major part of the parenchyma in the course
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of, for example, advanced alcoholic disease, use of hor-
monal contraception by women, and hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection [1, 2].

A surgical procedure involving partial resection of
the liver is associated with the occurrence of physio-
logical reactions resulting from mechanical tissue dam-
age and removal of the efficient part of the organ. The
assumption of an effective operation of this type is to
leave an adequate amount of active parenchyma, which
will ensure organ capacity within the limits of stand-
ards adopted for the general population and initiate
regeneration processes in the shortest possible time.
Perioperative management should include activities to
support the body, which will improve the recovery. Such
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activities include, for instance, proper fluid therapy, and
it is also important to personalise the supply of nutri-
ents adapted to the energy needs [3].

The resting metabolic rate of patients in the peri-
operative period can be measured using indirect calo-
rimetry or calculated using equations developed taking
into account variables such as: anthropometric meas-
urements, age, sex, clinical status, and others, but with
varying degrees of accuracy. The choice of the optimal
method for the studied group of patients is a complex
issue including the selection of variables that have
a significant impact on the demand and at the same
time are easy to obtain.

The incidence of liver malignant tumours in Poland,
according to the estimates of the International Agen-
cy for Research on Cancer (IARC), will amount to 2211
new cases in 2020, which will constitute an increase
of approximately 11% compared to the data for the
year 2012. Mortality will also increase: in 2020 it will
amount to 2332 deaths due to liver cancer (an increase
of about 13%) [4].

Aim
The aim of the study was to evaluate changes in

the parameters of body composition and the amount
of resting metabolism.

Material and methods

The measurements were performed at the oncolog-
ical surgery clinic in 110 patients referred for planned
resection of liver tumours, from September 2017 to July
2018. The basis for exclusion from further analyses in
the study group were preoperative or intraoperative cir-
cumstances such as the inability to carry out effective
surgical procedure due to tumour dissemination with
unpredictable course dynamics or unfavourable location
of changes from the surgical point of view, haemody-
namic destabilisation, or death. The data of hospital-
ised subjects, whose condition and radiological and bi-
ochemical assessment allowed for surgery, were taken
into account. Patients gave written, informed consent to
participate in a clinical trial. The condition was a viola-
tion of the continuity of the liver parenchyma in order to
remove the tumour together with a safe, histopatholog-
ically unchanged margin or to perform thermoablation
of focal lesions. Finally, 87 people were examined.

In the study group, the median age was 63 years
(min.: 22, max.: 80), and 53% of the subjects were
women whose median age was slightly lower at 60.5
years (min.: 22, max.: 77). The age of men was in ac-
cordance with the normal distribution; therefore, the
average was calculated, which amounted to 64.07
+8.40 years. Among the respondents, 43% (37 patients)

were in the age group between 60 and 70 years, being
the largest group.

Based on anthropometric measurements, the mean
waist-hip ratio (WHR) was calculated, which was 0.96
+0.09 (in men it was: 1.03 +0.07, in women 0.90 +0.06,
p < 0.0001) and the mean body mass index (BMI),
which before surgery was 26.92 +4.56 kg/m? and after
surgery was 26.64 +4.43 kg/m?*. The mean arm circum-
ference in the study group was 31.35 +4.01 cm (in men:
32.87 #3.51 cm, in women 29.92 +3.96 cm, p = 0.0016).

Metastatic tumours were the cause of 77% of the
total resection. The most common primary location was
the large intestine (in 80.65% of men and in 66.67%
of women). Other sources of metastatic changes were:
bile ducts, gallbladder, duodenum, eye, and gastrointes-
tinal stromal tumors (GIST), and there were also sin-
gle observations for metastases from: stomach, cervix,
ovary, lung, breast, kidney, and sarcoma. The remain-
ing reasons for surgery were: hepatocellular carcinoma
(in 9 patients), focal nodular hyperplasia (in 4 patients),
and tumours derived from intrahepatic bile duct cells
(3 cases).

The following types of surgical procedures were
performed: hemihepatectomy, segmentectomy, focal
resection, and thermoablation of focal lesions. The most
frequently performed types of procedures were hemi-
hepatectomies, constituting 41.46% of operations in
men and 34.78% in women; an extended procedure in-
volving the addition of another type of surgery was per-
formed in 11 patients. Operations involving the removal
of a single segment or selected segments were conduct-
ed in total in 26.83% of men and in 32.61% of women,
of whom 11 required extended. Resections involving
the non-anatomical part of the segment concerned
24.39% of men and 30.44% of women, of which four
required widening. Exclusive thermoablation was used
in four cases. The average number of resected segments
was 3.07 +1.31, for segmentectomy it was 1.73 +0.68,
and for hemihepatectomy it was 4.12 +0.41. Based on
the obtained histopathological results, the sum of tu-
mour diameters in the recovered material was on av-
erage 87.50 +47.21 mm for hemihepatectomies, 61.18
+37.25 mm for segmentectomy, and 36.68 +23.23 mm
for focal resections.

All measurements were made the day before sur-
gery and on the seventh day after surgery. Measure-
ments included: laboratory tests, anthropometric tests
(perimeter of arm, waist and hip), BMI, measurement
of resting energy demand with the Fitmate GS device
(Cosmed, Italy) — canopy version and body composition
measurement with AKERN BIA 101 Anniversary analyser
by the octapolar method. The tests were carried out in
a semi-recumbent position, and the average ambient
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temperature was 25.5°C. A minimum three-hour break
was established since the last meal and stimulants.

The study was positively appraised by the Bioethics
Committee of the Medical University of Warsaw and
was carried out in accordance with the guidelines of the
Helsinki Declaration updated in 2013.

Raw physical data from the BIA analyser were in-
terpreted after being inserted into the Bodygram PRO
3.0 program. The obtained values of resting metabolism
were standardised due to the actual body weight. In
order to assess the normality of distribution of quanti-
tative traits, the Shapiro-Wilk test was carried out.

Statistical analysis

Statistical analysis was performed using the Statis-
tica 13 PL program (StatSoft Inc., USA) using the t-test
for variables with normal distribution and the Wilcoxon
signed-rank test for nonparametric variables; the inter-
relations between variables were examined by multiple
regression and Friedman’s test for the influence of the
studied traits. A p-value < 0.05 was considered statis-
tically significant.

Results

Following the surgical trauma, the phase angle
(PA) value decreased by 0.68° on average. The average
reduction was higher in women (0.78°) than in men
(0.56°). There was also a significant reduction in cellular
mass (BCM), muscle mass (MM), and fat mass (FM). The
total water content (TBW) did not change significantly;
however, there was a shift of water from the intra-site
(ICW) to the extracellular space (ECW); the results are
presented in Table I.

Median resting metabolic rate (RMR) before sur-
gery was 1368 kcal/day (min.: 738, max.: 2480 kcal) in
men, the average was 1674.47 +260.83 kcal/day, and
in women 1242.57 +147.56 kcal/day. These values did
not change significantly in the postoperative period
(p = 0.4387, median (M) = 1396 kcal/day, min.: 826; max.:
2146; males: p = 0.0978, Av = 1609.13 +225.91 kcal/
day; females: p =0.4583, Av = 1260.2 +163.06 kcal/
day). After surgery, there was a significant reduction
in RMR calculated from the Harris-Bendict formula
(HB) — the mean difference was: in men 24.85 +37.82
kcal/day (p = 0.0002), in women 6.27 +17.88 kcal/day
(p = 0.0233). Also, the RMR value determined using
the body composition analysis decreased significantly
as a result of surgical trauma: in men the difference
was 60.75 +85.47 kcal/day (p = 0.0001) and in women
64.67 +57.78 kcal/day (p < 0.0001).

The RMR was measured by means of indirect calo-
rimetry (IC) method with a prediction value calculated
using the HB formula and the value obtained from the
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body composition analysis using the bioelectric imped-
ance method (BIA). In women, RMR values calculated
from the HB formula (before surgery: 1335.67 +130.54
kcal/day, after surgery: 1339.40 +126.00 kcal/day) and
obtained from BIA analysis (before operation: 1383.56
+97.82 kcal/day, after surgery: 1318.89 +86.50 kcal/
day) were significantly higher than the measured IC. In
men, the differences, where the reference point was in-
direct calorimetry, were not statistically significant (Fig-
ure 1). After checking with the Friedman ANOVA test,
the RMR results were significantly differentiated by the
sex of patients, higher in males (p < 0.0001).

The median RMR after standardisation determined
by IC method before surgery was 18.95 kcal/kg/day
(min.: 13.31, max.: 28.11) and did not change notice-
ably after surgery (p = 0.6892, M = 18.98 kcal/kg/day,
min.: 13.63, max.: 27.80). In the group of women,
the mean standardised preoperative value was 18.29
+2.27 kcal/kg/day; after surgery it increased slightly
by 0.57 £2.67 kcal/kg/day. However, in the group of
men there was a slight decrease (by 0.39 +3.10 kcal/
kg/day) compared to the average preoperative value of
20.07 +3.29 kcal/kg/day. Standardised values for body
weight are shown in Figure 2.

Significant differences between the methods
were noted in the case of standardised, pre-operative
RMR determined by the IC method, relative to the re-
sult calculated from the HB formula (difference 0.83
+2.49 kcal/kg/day, p = 0.0005) and the amount de-
termined from BIA (difference 1.24 +2.90 kcal/kg/day,
p = 0.0001). After the operation, only the standardised
IC values against HB were significantly different (differ-
ence 0.81 +2.13 kcal/kg/day, p = 0.0007). After check-
ing with the Friedman ANOVA test of standardised en-
ergy demand factors for sex, statistical significance was
demonstrated for one pair of variables: RMR measured
for IC before surgery (p = 0.0075) — the mean value in
women was equal to 18.29 +2.27 kcal/kg/day, and in
men 20.07 +3.29 kcal/kg/day.

Data regarding differences in energy demand deter-
mined by indirect calorimetry method were analysed by
Friedman test due to the type of surgery performed. It
was shown that the type of surgery had a significant ef-
fect (p = 0.0102) on the change in resting metabolism:
segmentectomies (+82.2 kcal/day) and resection of le-
sions (+77.74 kcal/day) contribute to the increase in RMR,
and extended resection of lesions (-126.5 kcal/day),
hemihepatectomies — both broadened (-128 kcal/day)
and simple (-95.5 kcal/day), thermoablation (-76.5 kcal/
day), as well as segmented metabolites (—45.2 kcal/day)
cause a decrease in metabolism (Figure 3).

Selected data from anthropometric measurements
and body composition analyses collected during the



Assessment of resting energy demand and body composition in oncological patients undergoing partial resections of the liver 65

Table I. Comparison of values obtained from body composition analysis (n = 87)

Parameter General

Males

Females Unit

Mean Median Difference P-value Mean Median Difference P-value Mean Median Difference P-value

+SD +SD +SD

PA1 5.20 5.3 -0.68 <0.001 5.37 5.45 -0.56 <0.001 5.05 5 -0.78 < 0.001 °
+0.87 +1.03 +0.67

PA2 4,55 4.81 430
+0.89 +0.95 +0.76

TBW1 40.83  39.95 0.52 0.180 48.75 0.23 0.703 3394 329 0.78 0.096 [
+8.85 +5.59 +4.07

TBW?2 4153 404 48.98 34.66
+8.64 +5.41 +4.07

ECW1 20.34 20 1.95 <0.001 24.07 172 <0.001 17.11 16.4 2.16 < 0.001 [
+4.87 +4.10 +2.67

ECW?2 2238 22.05 25.78 19.28 18.6
+4.91 +4.21 +3.20

ICW1 20.59 19.45 -1.54 <0.001 24.68 148 <0.001 16.98 -1.59 <0.001 [
+5.07 +4.13 +2.41

ICW2 19.15 18 23.20 15.37
+5.07 +3.95 +2.34

FFM1 53.09 509 0.49 0.224 6281 0.23 0.762 44.59 0.71 0.108 kg
+11.23 +7.94 +0.17

FFM2 53.80 524 63.04 45.30
+10.81 +7.08 +5.15

BCM1 26.35 24.65 -2.22 <0.001 31.46 -2.24 <0.001 21.92 -2.20 <0.001 kg
+6.63 +5.71 +3.40

BCM2 2425 227 29.22 19.64
+6.46 +5.39 +2.96

MM1 3290 30.7 -2.07 <0.001 39.35 —2.16 <0.001 27.29 27 -1.99 < 0.001 kg
+8.07 +6.47 +4.18

MM?2 30.97 28.65 37.20 25.20
+7.71 +5.98 +3.38

FM1 2326 225 -1.72 <0.001 22.80 -2.13 <0.001 2397 -1.36 <0.001 kg
+9.93 +11.28 +9.59

FM2 21.73  20.55 20.67 22.62
+10.15 +11.10 +9.38

XX1 - for measurements before the surgery, XX2 — for measurements after the surgery; Student’s t-test results for two variables with normal distribution are
marked in italics. The median value was given for data with a distribution different from normal.

research were correlated with the results of energy de-
mand. The length of the arm circumference measured
in the pre-operative procedure was compared with the
resting metabolism obtained with IC; a fairly good posi-
tive correlation was demonstrated — for the first meas-
urement: r1 = 0.6163, and for the second postoperative
measurement: r2 = 0.5943 — the results are statistically
significant for the constructed regression model (p <
0.001). Standardised coefficients show a weaker, nega-
tive relation to the arm’s circumference: r1 = —0.4048;
r2=—0.4907. A relatively high degree of correlation
was also obtained for the association with WHR: r1 =
0.6447; r2 = 0.5688. From the body composition data,

strong correlations were demonstrated for the following
parameters: lean body mass (r1 = 0.8001, r2 = 0.7312),
muscle mass (r1 = 0.7745, r2 = 0.7687), and cell mass
(r1 = 0.7448; r2 = 0.7571). There were no significant
relationships for standardised coefficients.

Discussion

The anthropometric measurements and analyses of
both the composition of the body and the resting met-
abolic rate in the study group indicate that initially pa-
tients were in good general condition, and there were no
signs of malnutrition in this group; however, the problem
of excessive body mass is noticeable (BMI > 25 kg/m?) in

Gastroenterology Review 2019; 14 (1)
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Figure 1. Comparison of the amount of resting
metabolism in kcal/day in the study group (n = 87)
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Figure 3. Comparison of average differences in
resting metabolic rates in kcal/day due to the
type of resection procedure used in the study
group (n = 87)

67% of respondents. The occurrence of overweight and
obesity is a confirmed risk factor for many cancers, espe-
cially cancers that develop within the digestive system,
such as colon adenocarcinoma [5-7].

Bioimpendance is a safe and non-invasive method
that can be used for pre-operative assessment of pa-
tients, which gives a reference assessment of the body’s
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Figure 2. Comparison of standardised basal
metabolic rates in the study group due to the
current body mass (n = 87)

water compartments. One of the indicators obtained
by the bioelectrical impedance method is the phase
angle, which is the physical size of the capacitive re-
sistance produced mainly by cellular membranes, also
called reactance. The value of the phase angle is es-
sentially related to the degree of integrity of the cell
membranes, the amount of cell mass, muscle mass, and
fat-free mass. After the surgery, during hospitalisation
in the ward, the vast majority of respondents reduced
the phase angle value, which probably results from the
surgical procedure used, the perioperative period of
fasting, fluid therapy, and the individual catabolic reac-
tion of the body to injury [8-11].

The BIA measurement technique used in the test
procedure using the octapolar connection to the device
is suitable for assessing changes in individual body seg-
ments and identifying fluid accumulation in the spac-
es. The decrease in the phase angle values observed in
the studied group also involves changes in the body’s
water compartments — the displacement of water from
the intracellular space to the extracellular space. Such
a tendency may be indicative of the transient occur-
rence of body cavities, which in the interpretation of
these changes should take into account the supply of
fluids in the perioperative period, which is often exces-
sive and should be optimised [8-11].

Significant reduction of cellular mass, muscle mass,
and fat mass in patients after surgery may be partially
caused by: removal of pathological changes and result-
ing cell damage, perioperative immobilisation period,
immune and regenerative reactions in response to in-
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jury, interruption in the supply of nutrients, temporary
overhydration, as well as the accuracy and precision of
the measurement method used [3]. The reduction in
cellular mass and muscle mass in the study group did
not translate into a change in lean body mass, which
statistically increased in a statistically insignificant
manner. The fat mass changed significantly in patients,
dropping by more than 1.5 kg on average. The abso-
lute amount of adipose tissue is not differentiated by
gender; however, its percentage is higher in women
compared to men (males: 25.8%; females: 33.7%, p <
0.0001). Changes in FFM and mass of fat, which is the
total body weight, after the summation show a down-
ward trend, on average by 1.23 kg, while the average
body weight decreased by 0.78 kg; due to the standard
deviation values, it can be assumed that the bioelectric
impedance correctly displays the state of patients.

Changes in resting metabolism due to surgery were
assessed using the indirect calorimetry method, as well
as through the use of the Harris-Benedict formula and
the result obtained from BIA. The value of indirect cal-
orimetry, considered the gold standard for the assess-
ment of energy expenditure, was taken as a reference
point for the remaining methods. The use of indirect
calorimetry is non-invasive and consists of the analysis
of gases: taken during breathing oxygen and/or exhaled
carbon dioxide. The measured gas volumes are used to
calculate the resting metabolic rate using a simplified
version of the Weir equation [12].

The study showed no unequivocal effect of partial
resection of the liver on the value of the resting met-
abolic rate obtained from the IC measurement. Similar
assumptions were made in the study by Hughes et al. in
which the differences in energy expenditure measured
using the SenseWear armband clamped device, which
was validated against the GEMnutrition, UK calorime-
ter, were checked. Twenty-one IC measurements were
performed before operation — the standardised value
was 20.6 kcal/kg —and 19 measurements after surgery,
the median of which was equal to 22.2 kcal/kg. The
predictive values based on the HB formula were signif-
icantly lower than the measured values. The authors
of the study found that higher postoperative energy
expenditure was associated with older age (median
age: 64 years) and longer operation time (median:
216 min) [13]. In the study, lower standardised values
were obtained (before the operation the median was:
18.95 kcal/kg, and after the operation: 18.98 kcal/kg),
while in relation to the standardisation of the result cal-
culated from the Harris-Benedict formula, the results
were higher than those measured using indirect calo-
rimetry (19.96 kcal/kg before and 20.05 kcal/kg after
the procedure). The median age in the study group was

similar (63 years), while the median time of surgery was
lower and amounted to 150 min.

In a study by Sugihara et al. the change in the per-
centage of resting energy expenditure (REE) in the sev-
enth and 14" postoperative days in 18 hepatocellular
carcinoma (HCC) patients undergoing partial resection
of the liver, including 15 men and 3 women (mean age:
67 years, BMI 22.3 kg/m?), was checked. For the first
measurement performed 1 week after surgery, a reduc-
tion in the percentage of REE was observed, while after
2 weeks of hospitalisation, the value was higher than
the pre-operative value; however, these results were not
statistically significant. Lack of statistical significance
for the trends was also observed in a study conducted
by Wada et al. in patients with oncological liver surgery,
which is consistent with the results of our own research
[14, 15].

The amount of energy expenditure is largely affect-
ed by: lean body mass, cell mass, and muscle mass,
which are the basis for the determination of RMR using
the BIA method. In a study by Pinto et al. among pa-
tients after liver transplantation, the average value was
1584 +377 kcal/day and was higher by an average of
50 kcal from the result obtained by indirect calorimetry:
1534 +300 kcal/day [16]. In the performed study, the
average preoperative value for the energy demand de-
termined by the BIA method was 1515 £193 kcal/day.
It was also higher than the amount obtained by IC on
average by 81 kcal (1434 +302 kcal/day). This indicates
a fairly similar, slight degree of deviation in the estima-
tion of energy demand in the analysed groups.

The extent of the surgery performed has an effect
on the amount of changes in metabolism. The wide
range of hemihepatectomies consisting of the removal
of the whole lobe of the liver, i.e. at least four func-
tional segments of this organ, contributes to the larg-
est reduction in metabolic rate, as in the performance
of expanded segmentectomies in which at least two
segments have been removed, as well as resection of
outbreaks in other organ sectors. Thermoablation of
lesions, as well as resections of focal lesions extended
with thermoablation, also contributed to the reduction
of RMR; however, due to the small group of patients in
whom such procedures were performed, confidence in
this result should be limited. Operations with a narrow-
er scope, i.e. focal lesions as well as exclusive segmen-
tectomies in the test group, cause an increase in meta-
bolic changes. The interpretation of this observation is
not unambiguous; it would be reasonable to determine
the safe range of left-behind, functionally active liver
parenchyma, in order to reduce the intervention of the
procedure in the systemic metabolism.

Gastroenterology Review 2019; 14 (1)
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The obtained high degree of correlation between
the selected anthropometric measurements (arm cir-
cumference and WHR) and the resting metabolic rate
measured with IC may be the basis for the construction
of a prediction equation for estimating energy demand
for people with a similar clinical situation. Carrying out
anthropometric measurements is easy and does not re-
quire the use of specialised equipment, and it can be
implemented in a routine procedure. This type of action
has already been taken among other groups: patients
with cirrhosis [17] and with ischaemic heart disease
[18], in whom significant relationships have also been
confirmed.

Conclusions

Surgical resection of neoplastic lesions or their ther-
moablation aimed at extending patient survival are per-
formed more and more often, while the consequences
of these operations are not sufficiently known. The
adverse effect of resection treatments on body com-
position parameters, mainly imaged by decreasing the
phase angle value, should be minimised. Effects on
metabolism remain ambiguous, because no significant
changes have been demonstrated in the postoperative
period. It is necessary to continue the research both in
terms of looking for prognostic factors and determining
a new technique for determining the metabolic status
for this group of patients and achieving greater preci-
sion of the obtained results.
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