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Abstract

Purpose: This study focuses on the need for standardized body composition measurements in the hepatobiliary-
pancreatic field. It evaluates and compares the effectiveness of bioelectrical impedance analysis (BIA) and computed
tomography (CT) scans in assessing body composition of patients undergoing pancreatoduodenectomy (PD), aiming
to establish correlations among different body composition indexes.

Methods: Ninety-seven patients who underwent PD between August 2022 and March 2023, were enrolled in this
study. Muscular and fatty parameters related to BIA and CT were assessed both preoperatively and on postoperative day
6. The correlation between each parameter related to muscle fat was analyzed according to the measurement modalities.
Results: There was an increase of skeletal muscle area (SMA), total muscle area, and low attenuated muscle area after
surgery. Skeletal muscle mass (SMM) measured using BIA exhibited a strong correlation with the SMA and normal
attenuated muscle area (NAMA) measured using CT (r=0.86, P<0.001; r=0.76, P<0.001). The trunk muscle measured
using BIA demonstrated moderate to strong correlations with SMA and NAMA measured using CT (r=0.84 P<0.001;
r=0.73, P<0.001). Body fat measured using BIA and total fat area (TFA) measured using CT showed strong correlations
(r=0.74, P<0.001). In the postoperative analysis, a similar trend was observed (SMM vs. SMA: r=0.80, P<0.001; SMM
vs. NAMA: r=0.70, P<0.001), (trunk muscle vs. SMA: r=0.79, P<0.001; trunk muscle vs. NAMA: r=0.69, P<0.001), and
(body fat vs. TFA: r=0.83, P<0.001).

Conclusion: BIA, akin to CT, serves as a valuable tool for assessing body composition ratios in patients undergoing PD.

Keywords: Body composition; Correlation of data; Electric impedance; Multidetector computed tomography;
Pancreatectomy

Introduction ter, protein, fat, and minerals. Body composition is defined as

the nutritional assessment of body components [1]. Initially,

Background nutritionists, health professionals, and sports scientists were
The human body comprises different tissues, as well as wa- interested in human body composition measurements [2].
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Over the years, several studies have been conducted on
how body composition is related to diseases, and many
clinicians have been interested in body composition. Stud-
ies have shown that obese patients demonstrate a higher
incidence of postoperative major complications [3,4]. Ad-
ditionally, previous research has shown that sarcopenia is
a negative oncological factor in patients with cancer [5,6].
Furthermore, body composition has been shown to exhibit
strong interconnections with the short-term and long-term
outcomes of several diseases.

With the rising interest in body composition, there is a cor-
responding need for generalization and the establishment of
standardized procedures for body composition assessment.
At present, various methods are available for evaluating body
composition, including dual-energy X-ray absorptiometry
(DEXA), computed tomography (CT), and bioelectrical im-
pedance analysis (BIA) [2].

Among these, a CT scan allows for accurate body composi-
tion analysis and is generally used to estimate body composi-
tion before surgery [7,8]. However, the cost and radiation
exposure associated with CT limit their routine use for mea-
suring body composition. Therefore, alternative methods are
required to assess the body composition of patients undergo-
ing surgery.

BIA is emerging as an alternative method for assessing
body composition, with relatively accurate results reported
in previous studies [9-11]. BIA offers several advantages over
other methods, including a lower cost, a simple procedure,
and the absence of radiation exposure [12,13].

Some cohort studies have suggested a correlation between
BIA and CT visceral fat area (VFA) measurements, implying
that BIA may be a potential substitute for CT body compo-
sition (CTBC) in certain patients [14-16]. However, other
studies have shown a lack of correlation between the two
methods in several disease groups. The correlation between
BIA and CTBC has been limited to certain areas, indicating
the need for further research in this field [17].

Pancreatoduodenectomy (PD) is a complex surgical proce-
dure that requires various anastomoses [18,19]. After surgery,
patients undergo significant changes in their postoperative
metabolism and body composition due to catabolism [20].
Given these considerations, it becomes paramount to pre-
cisely assess the body composition of patients to predict
surgical outcomes. However, no prior research has compared
the utility of BIA and CT for evaluating body composition be-
fore and after PD.

Objectives

Therefore, this study aims to assess body composition in
patients who underwent PD using BIA and CTBC measure-
ments before and after surgery and to investigate the poten-
tial areas where BIA could be a viable alternative to CTBC in
hepatobiliary surgery.

Methods

Ethics statement

All the participants provided written informed consent
before participating in the study. This study was approved by
the Institutional Review Board (IRB) of Severance Hospital.
(IRB approval number: 4-2023-0703).

Study design

It is a before and after study for patients who underwent
PD. It was described according to TREND statement (https://
www.cdc.gov/trendstatement/index.html).

Setting

Between August 2022 and March 2023, data from 97
patients who underwent PD at Severance Hospital (Seoul,
Korea) were prospectively collected. BIA and CTBC were
measured 6 days post-operation.

Participants

Included criteria are all patients who underwent PD at the
Severance Hospital during the study period, for cure of ma-
lignancies, benign, or borderline malignancies of the stomach
or duodenum. Patients who declined to participate in the
study and those with contraindications to BIA, such as limb
amputation or cardiac pacemakers, were excluded.

Interventions
Open or minimally invasive PD were done for surgical care
of the patients.

Outcomes
Outcome variables are patients demographic findings,
body composition measured by BIA and CT.

Data sources/measurement
Data are charts and laboratory and radiological findings of
the patients. Each variable was measured as follows:

Clinical information collection

Patient demographics, including sex, age, height, preop-
erative and postoperative body weight, and body mass index
(BMI), were collected through medical records and direct
measurements. Preoperative laboratory tests were performed
on peripheral blood samples. Detailed information regard-
ing the surgical procedures was extracted from the surgical
records documented in the medical charts.

Body composition assessment using BIA

Measurements were performed twice: on the day before
surgery and postoperative day (POD) 6. The measurement
protocol followed the procedures outlined in previous stud-
ies [21]. For assessing body composition, we utilized a body
water analyzer 2.0 (InBody). The skeletal muscle index (SMI)
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was computed by dividing the total amount of skeletal mus-
cle mass (SMM) by the square of the individual’s height. The
cut-off value of SMI for patients diagnosed with sarcopenia
was <7.0 kg/m? in male and <5.7 kg/m? in female, accord-
ing to the Asian Working Group for Sarcopenia: 2019 Con-
sensus [22].

Body composition assessment using CT

Our research institution typically conducts routine CT
scans before surgery to evaluate tumor extent and resectabil-
ity. To evaluate each patient’s preoperative body composi-
tion, we utilized the most recent CT scan conducted before
surgery, and CT scan is conducted again on POD 6 to moni-
tor patients’ progress after surgery. These routinely performed
CT scans on POD 6 were used to analyze body composition.
CT images were evaluated by an experienced gastrointesti-
nal radiologist using the commercial software aview (version
1.1.38.6; Corelinesoft Inc.).

The components were identified on the CT slice at the
L3 endplate level based on Hounsfield unit (HU) threshold
values, as described in previous studies [23]. The follow-
ing ranges were designated for specific areas: —190 to 150
HU for the total muscle area (TMA), —29 to 150 HU for the
skeletal muscle area (SMA), 30 to 150 HU for the normal
attenuated muscle area (NAMA), —29 to 29 HU for the low
attenuated muscle area (LAMA), and —190 to —30 HU for
the intermuscular adipose tissue area (IMA). The relation-
ships between muscle-related parameters measured from CT
images and the areas corresponding to each parameter in
the preoperative and postoperative CT images are shown in
Supplementary Fig. 1 and 2.

After generating the body mask using the pick/sculpt proce-
dure, we identified VFA by labeling HU ranging from —190
to —30 HU, and we defined subcutaneous fat area (SFA) as
HU ranging from —150 to —50 HU. The total fat area (TFA)
was calculated by considering the entire area at the L3 level,
including the VFA and SFA. The relationships between fat-
related parameters, measured using CT images and the areas
corresponding to each parameter in the preoperative and
postoperative CT images, are shown in Supplementary Fig. 2
and 3.

The SMI measured by CT was defined as the ratio of the
SMA at the L3 level to the square of the patient’s height [24].
Visceral obesity was defined as patients with VFA at L3 level
=100 cm? based on the Japan Society for the Study of Obe-
sity [25].

Calculating the correlation of the body composition

parameters according to modality

In this study, we chose three indicators linked to muscle
mass assessed using BIA, including SMM, trunk muscle,
and SMI. We subsequently compared these indicators with
muscle mass-related parameters derived from the CT scans
(TMA, NAMA, LAMA, IMA, and SMI) using Pearson’s correla-
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tion coefficient. We selected two indicators associated with
fat content measured using BIA, including total body fat and
VFA. Similar to the muscle-related analysis, we compared
these indicators with fat-related parameters obtained from
CT scans, including VFA, SFA, and TFA, using Pearson’s cor-
relation coefficient.

Blinding (masking)

No blinding was done since there is no control group. The
authors participated in the surgical intervention. They also
made and analyzed a coding of the data.

Unit of analysis
All participants’ data were analyzed individually.

Bias
There was no selection bias since all target patients were
included.

Statistical methods

Statistical analysis were conducted using IBM SPSS 24 (IBM
Corp.) and R version 3.6.3. Continuous data were presented
as the mean=standard deviation, while nominal variables
were expressed as numbers and percentages. When compar-
ing the preoperative and postoperative values of each pa-
rameter measured by CT and BIA, a paired t-test was used.
The relationship between the CT and BIA parameters was
evaluated using Pearson’s correlation coefficient (r). Correla-
tion coefficients in the range of 0.90 to 1.00 were considered
a “very strong correlation,” 0.70 to 0.89 as a “strong correla-
tion,” 0.40 to 0.69 as a “moderate correlation,” and 0.10 to
0.39 as a “weak correlation” [26].

Results

Characteristics of participants

The baseline characteristics of the participants are pre-
sented in Table 1. A total of 97 patients who underwent PD
were enrolled, including 59 males (60.8%) and 38 females
(39.2%). The mean age of the patients was 62.9+11.5. The
mean BMI of the patients was 23.6+3.0. Among them, 1
patient (2.0%) was classified as underweight (BMI: <18.5 kg/
m?), 67 patients (68.4%) as normal weight (BMI: 18.5 to 25.0
kg/m?), 26 patients (26.5%) as overweight (BMI: 25.0 to 30.0
kg/m?), and 3 patients (3.1%) as obese (BMI: =30.0 kg/m?).
In this study, none of the participants were diagnosed with
sarcopenia, while 37 patients (38.1%) were diagnosed with
visceral obesity by using CT. The median time between pre-
operative and subsequent CT scans on POD 6 was 8 (range,
7-15) days.

Change of body composition parameters in patients
who underwent the operation
The weight and BMI of patients who underwent surgery



ACNM

Table 1. The baseline characteristics of participants

Variable Value (n=97)

Age (yr) 62.9+11.5
Sex

Male 59 (60.8)

Female 38(39.2)
Height (cm) 164.3+9.3
Weight (kg) 64.0+11.2
Albumin (g/dL) 4.1+0.4
BMI (kg/m?) 23.6%3.0

Underweight (BMI<18.5) 1(1.0)

Normal weight (18.5<BMI<25.0) 67 (69.1)

Overweight (25.0<BM1<30.0) 26 (26.8)

Obese (BMI=30.0) 3(3.1)
Disease

Malignancy 77 (79.4)

Benign or borderline 20 (20.6)
Operation method

Open 44 (45.4)

Minimally invasive 53 (54.6)
Postoperative I/0 (POD 0-5) (mL) 4,848+2,090
Time interval between the CT scans (day) 8(7-15)

Values are presented as meantstandard deviation, number
(%), or number (range).

BMI = body mass index; I/O = input-output; POD = postoperative
day; CT = computed tomography.

significantly decreased after surgery (P=0.001, P=0.002,
respectively). Total body fat and SMM measured using BIA
significantly reduced after surgery (P=0.010, P=0.044, re-
spectively). Similarly, TFA, VFA, and NAMA measured using
CT significantly decreased after surgery (P=0.011, P=0.003,
and P<0.001, respectively). In contrast, the TMA, SMA, and
LAMA levels significantly increased after surgery (P=0.00T1,
P=0.002, and P<0.001, respectively; Table 2).

Correlation between BIA body composition and CTBC

parameters

Regarding preoperative measurements, the SMM measured
using BIA exhibited a strong correlation with the TMA, SMA,
and NAMA measured using CT (r=0.85, P<0.001; r=0.86,
P<0.001; and r=0.76, P<0.001, respectively). The trunk
muscles measured using BIA exhibited moderate to strong
correlations with the TMA, SMA, and NAMA measured us-
ing CT (r=0.85, P<0.001; r=0.84, P<0.001; and r=0.73,
P<0.001, respectively). Additionally, body fat measured us-
ing BIA and TFA measured using CT exhibited a strong corre-
lation (r=0.74, P<0.001), whereas VFA measured using BIA
and VFA measured using CT showed a moderate correlation
(r=0.53, P<0.00T1).

Regarding measurements after surgery, SMM measured
using BIA exhibited a strong correlation with TMA, SMA,
and NAMA measured using CT (r=0.77, P<0.001; r=0.80,
P<0.001; and r=0.70, P<0.001, respectively). The trunk
muscles measured using BIA also demonstrated strong cor-
relations with the TMA, SMA, and NAMA measured using
CT (r=0.78, P<0.001; r=0.79, P<0.001; and r=0.69,

Table 2. Change of body composition parameters in patients who underwent surgery

Modality Parameter Preoperative Postoperative P-value
Weight (kg) 64.0+11.2 63.0£10.9 0.001
BMI (kg/m?) 23.6+3.0 23.3+3.1 0.002
BIA Body fat (kg) 16.6£6.0 15.8+6.3 0.010
SMM (kg) 26.0+5.9 25.5+5.3 0.044
Trunk muscle (kg) 21.2+4.7 20.8+3.9 0.123
VFA (cm?) 76.3134.1 77.5£32.6 0.517
CT TFA (cm?) 231.3+98.8 222.7+95.5 0.011
SFA (cm?) 140.8+59.6 138.3+58.5 0.280
VFA (cm?) 90.5+58.4 84.5+56.1 0.003
SMA (cm?) 126.7+29.8 129.9+27.7 0.002
TMA (cm?) 133.1+£29.6 137.7+£29.7 0.001
LAMA (cm?) 31.8+11.4 42.8+15.0 <0.001
NAMA (cm?) 95.2+28.0 87.1+25.7 <0.001
IMA (cm?) 6.4+4.6 7.8+11.8 0.218

Values are presented as meanztstandard deviation.

BIA = bioelectrical impedance analysis; CT = computed tomography; BMI = body mass index; SMM = skeletal muscle mass; VFA
= visceral fat area; TFA = total fat area; SFA = subcutaneous fat area; SMA = skeletal muscle area; TMA = total muscle area; LAMA
=low attenuated muscle area; NAMA = normal attenuated muscle area; IMA = intermuscular adipose tissue area.
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Table 3. Correlation between bioelectrical impedance analysis and computed tomography body composition parameters

Parameter Preoperative Postoperative
BIA Computed tomography r P-value r P-value
SMM Total muscle area (TMA) 0.849 <0.001 0.765 <0.001
Skeletal muscle area (SMA) 0.858 <0.001 0.800 <0.001
Normal attenuated muscle area (NAMA) 0.763 <0.001 0.699 <0.001
Low attenuated muscle area (LAMA) 0.339 0.001 0.278 0.006
Intermuscular adipose tissue area (IMA) -0.103 0.317 0.049 0.636
Trunk muscle Total muscle area (TMA) 0.846 <0.001 0.778 <0.001
Skeletal muscle area (SMA) 0.838 <0.001 0.793 <0.001
Normal attenuated muscle area (NAMA) 0.728 <0.001 0.689 <0.001
Low attenuated muscle area (LAMA) 0.378 <0.001 0.281 0.005
Intermuscular adipose tissue area (IMA) 0.005 0.958 0.096 0.348
Body fat Total fat area (SFA+VFA) 0.744 <0.001 0.826 <0.001
VFA VFA 0.527 <0.001 0.589 <0.001

r represents Pearson’s correlation coefficient.

BIA = bioelectrical impedance analysis; SMM = skeletal muscle mass; VFA = visceral fat area; SFA = subcutaneous fat area.
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Fig. 1. Scatter plots between computed tomography (CT) and bioelectrical impedance analysis (BIA) body composition parameters in
preoperative and postoperative phases. (A) Preoperative skeletal muscle area (SMA) vs. skeletal muscle mass (SMM), (B) preoperative
SMA vs. trunk muscle, (C) preoperative total fat vs. body fat, (D) postoperative SMA vs. SMM, (E) postoperative SMA vs. trunk muscle,
and (F) postoperative total fat vs. body fat.
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Table 4. Correlation between body mass index and body composition parameters based on modalities

Preoperative Postoperative
Parameter
r P-value r P-value
BMI CT Total fat 0.77 <0.001 0.80 <0.001
VFA 0.65 <0.001 0.64 <0.001
BIA Body fat 0.71 <0.001 0.71 <0.001
VFA 0.58 <0.001 0.65 <0.001

r represents Pearson’s correlation coefficient.

P-value for statistical significance computed using Pearson’s correlation test.
BMI = body mass index; CT = computed tomography; BIA = bioelectrical impedance analysis; VFA = visceral fat area.

P<0.001, respectively). Body fat measured using BIA and
TFA measured using CT demonstrated a strong correlation
(r=0.83, P<0.001), whereas VFA measured using BIA and
VFA measured using CT showed a moderate correlation
(r=0.59, P<0.001; Table 3, Fig. 1, Supplementary Fig. 4).

Correlation between BMI and body composition

parameters based on modalities

The correlation between BMI and body composition pa-
rameters, including TFA, VFA, and body fat measured using
CT or BIA was investigated. The TFA measured using CT
and BMI showed a strong correlation both preoperatively
and postoperatively (r=0.77, P<0.001; r=0.80, P<0.001,
respectively). Body fat measured using BIA also showed a
strong correlation with BMI before and after surgery (r=0.71,
P<0.007; r=0.71, P<0.001, respectively). However, preop-
erative and postoperative VFA measured using BIA or CT ex-
hibited a moderate correlation with BMI (r=0.58, P<0.001;
r=0.65, P<0.001, respectively; Table 4).

Discussion

Key results

In this study, we comprehensively analyzed body com-
position using CT and BIA measurements before and after
PD. Both before and after surgery, strong correlations were
observed between muscle-related indicators measured using
BIA and CT. Additionally, both BIA-measured total fat and
CT-measured TFA exhibited robust correlations before and
after surgery, and these indicators were significantly corre-
lated with BMI.

Interpretation/comparison with previous studies

Although the body composition measured using CT and
BIA showed a reliable correlation with muscular parameters,
there were some noticeable points. The first was the change
in muscular parameters after surgery. Unlike the decrease in
SMM measured using BIA, the TMA, SMA, and LAMA mea-
sured using CT increased after surgery. Muscle mass is com-
monly expected to decrease with postoperative weight loss
[20].

These divergent results could be attributed to tissue edema
from surgical manipulation during abdominal surgery or
overall fluid retention post-surgery [27]. A previous study
measuring the body composition of patients who underwent
pancreatectomy showed an increase in total body water
content, especially extracellular weight, after pancreatectomy
[28]. In our study, the mean postoperative input-output bal-
ance during the immediate postoperative period (POD 0 to 5)
was approximately 4 L, which was similar to previous data.

As muscle tissue contains more water than fat tissue, post-
operative tissue edema is more prominent in muscles than in
fat tissue. In addition, body composition using CT measures
the structured area of the patient’s image, and BIA measures
impedance [2]. Considering these two points, it was specu-
lated that increasing muscle mass levels, such as TMA, SMA,
and LAMA after surgery was not truly an increment of mus-
cular cells, but an increase in water content caused by tissue
edema, and CT could not distinguish these two aspects. This
trend stood out in LAMA, which had a relatively narrow HU
spectrum (=29 to 29 HU) with an increment of about 35%.
Conversely, body composition using BIA could differentiate
this aspect based on the underlying measurement principle.

In addition, other muscular parameters such as the NAMA
score decreased after surgery in this study. Given that the
HU value of water in CT scans is zero, this observation can
be attributed to the NAMA (30-150 HU). Notably, this range
does not include zero HU range and exhibits a muscle mass
decrease that aligns with the BIA measurements, unlike SMA
(=29 to 150 HU). These findings aligned with our hypoth-
eses.

Another plausible hypothesis regarding these findings is
that surgery leads to changes in muscle quality. It is well es-
tablished that LAMA and IMA represent lower-quality mus-
cles, whereas NAMA s indicative of higher-quality muscles
[23]. Following surgery, we observed a decrease in LAMA and
IMA levels and an increase in NAMA levels. These findings
suggest that surgery may have triggered an increase in lower-
quality muscles and a decrease in higher-quality muscles,
similar to the myosteatosis effect. To the best of our knowl-
edge, no prior reports have detailed such changes in muscle
quality in CT scans following surgery. However, it remains
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uncertain whether muscle quality can undergo significant
changes within just a week after pancreatic surgery. Further
studies are necessary to comprehensively explore this aspect.

Nonetheless, the SMA highly correlated with the SMM dur-
ing the postoperative phase, whereas NAMA did not exhibit
this correlation. These results exclusively reflected the cor-
relation between the two parameters and not the accuracy.
Further analysis, including other modalities like DEXA using
different measurement strategies, is needed to establish the
modality that accurately reflects the clinical status in the post-
operative phase.

In the context of fat tissue before and after surgery, BIA-
measured body fat demonstrated a substantial decrease post-
surgery. Among the CT-based indicators, both TFA and VFA
significantly decreased. These results underscore the parallel
reduction in fat tissue in line with changes in body weight
and BMI after surgery. Since fat tissue contains less water
than muscle tissue, as previously mentioned, it was specu-
lated that fat-related parameters were not affected by fluid
therapy after surgery.

Although BIA-measured body fat exhibited a strong cor-
relation with CT-measured TFA before and after surgery, the
correlation between BlA-estimated VFA and CT-measured
VFA was relatively weak. Previous studies suggested adjusted
formulas using BIA-measured VFA to enhance the prediction
accuracy of CT-measured VFA. This was also intended to
highlight the differences in measuring principles between the
two methods. Given the comparable makeup of subcutane-
ous and visceral fat tissues, the BIA method, which measures
the body impedance, may face challenges in distinguishing
between SFA and VFA. In contrast, because the discrimina-
tion between the SFA and VFA is clear in image-based mea-
surements, measuring body composition using CT is relatively
easy.

When investigating the correlations between BMI, a repre-
sentative obesity index, and fat-related indicators measured
using CT and BIA, CT-based TFA and BIA-measured body
fat exhibited stronger correlations with BMI. The indicators
measured using CT demonstrated a stronger correlation with
BMI than those measured using BIA. This observation could
be attributed to the capability of CT to effectively capture the
overall body composition despite focusing on the fat area at
the L3 level. It is plausible to interpret this finding as indica-
tive of CT's ability to account for the entire body’s condition,
as previously reported [7].

In summary, the body composition measured using CT and
BIA demonstrated a reliable correlation. However, due to the
difference in measuring principles, BIA exhibited the possi-
bility of reliable results measuring muscle mass compared to
CT in the postoperative phase. CT demonstrated a profound
ability to discriminate between the VFA and SFA. This re-
search was meaningful in proposing the first-of-its-kind selec-
tion of a suitable modality for measuring body composition
based on the patient’s specific status.
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Limitations

First, owing to the relative sample size, we could not
perform a subgroup analysis according to sex. Occasion-
ally, sex parameters significantly affect outcomes because of
different definitions of sarcopenia based on sex. However,
because the main aim of this study is to assess the correlation
between modalities, this could have had little effect on the
results. Second, individuals diagnosed with cancer have a dif-
ferent metabolism than individuals without cancer, and there
can be a slight difference in the body composition between
these two types of individuals [29]. Disease-specific analysis
should be performed in further studies. Also, further studies
are required to identify suitable body composition measure-
ments for specific situations.

Conclusion

Similar to CT, BIA is a valuable tool for assessing body
composition ratios in patients who have undergone pancre-
atic surgery. This study evaluated the accuracy of CT and BIA
for measuring body composition, which is crucial in clinical
settings. Understanding the precision of these methods will
pave the way for future research examining their impact on
long-term survival and postoperative complications in pa-
tients treated with PD. The insights gained could lead to bet-
ter management and a more accurate prediction of patient
outcomes after surgery.
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