
Abstract. Background/Aim: Easy measurement of liver
steatosis without pathological diagnosis may help improve
donor surgery efficiency and increase the chances of organ
donations. We analyzed the correlations between
bioelectrical impedance (BI) in human livers, liver fat
content, and pathological findings. Materials and Methods:
Sixteen tumor-free liver specimens resected during elective
oncological surgery were analyzed. All samples were stored
in ice chilled saline before BI measurement. The BI
measurement was performed using a device with the
tetrapolar circuit method in which the current and voltage
electrodes are independent. Liver cholesterol and
triglyceride levels were investigated from the same specimen
using the Soxhlet extraction method. Pathological findings
were examined by counting the number of hepatocytes with
fatty changes per high-power field. Results: The median liver
steatosis percentage was 0.4%. The liver steatosis
percentage was significantly correlated with the intrahepatic
triglyceride content (r=0.82, p<0.001). Linear regression of
the measurements and predicted values yielded an r2 of 0.63
between the BI at 100 kHz and liver steatosis, indicating
reasonable agreement (p<0.001). Conclusion: BI analysis is
a simple, non-invasive method that can be easily applied to
evaluate liver steatosis.

Organ shortages for liver transplantation and the increasing
mortality of patients on the transplant waiting list have led
to the use of expanded criteria donor (ECD) livers to expand
the donor pool. Among these ECD livers, hepatic steatosis is
one of the most frequent diseases (1). The gold standard for
evaluating hepatic steatosis is a histological analysis by a
pathologist. The fatty liver degree is considered mild when
the percentage of fatty vacuoles in the hepatocytic cytoplasm
is <30%, moderate when the percentage is between 30% and
60%, and severe when the percentage is ≥60% (2). 

The success of deceased donor liver transplantation
depends on graft viability. Previous reports indicate a high
frequency of primary nonfunction of the graft in severe
macrovesicular steatosis (3, 4). Moderate to severe
macrovesicular steatosis is considered as a major cause of
severe liver preservation injury (5). Therefore, assessing
donor liver steatosis during procurement surgery is a difficult
task for the transplant team. Donor surgeons perform the
initial evaluation during procurement surgery via visual
inspection and palpation. However, the criteria for
determining the graft color and texture are subjective and
rely solely on the experience of the procurement surgeon (1).
Rey et al. reported that neither preoperative ultrasound
assessments nor gross assessments at the time of
procurement surgery are reliable for assessing liver steatosis
(6). Diagnostic imaging, such as computed tomography and
magnetic resonance imaging, can help assess liver steatosis
more objectively, but such information is rarely available for
deceased donors. The next step is to perform a liver biopsy
for microscopic examination. Because of the heterogeneous
fat distribution in the liver, performing two or more biopsies
from different segments can yield more accurate information
(6). However, a previous report indicated that the positive
predictive values of macroscopic evaluation at the time of
procurement were 71% for severe, 46% for moderate, and
only 17% for mild steatosis (7). Thus, microscopic
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examination remains the gold standard, but is problematic
because it damages the graft, enables analogizing only the
fat content of the whole liver with a few specimens, and
takes a long time to diagnose. Additionally, pathologists may
be unavailable for some procurement surgeries.

Bioelectrical impedance (BI) analysis is a non-invasive,
safe and simple method of evaluating body composition by
applying a weak alternating current to the body. The body
composition analyzer estimates fat and muscle mass based
on the impedance value, and calculates the value by adding
the patient’s height, weight, age, and sex to the impedance
value. This value is used to evaluate body composition and
nutritional status. Electric currents can pass through fat-free
masses, which are rich in water and electrolytes, but cannot
pass through adipose tissue, which contains very little water
(8). In large amounts of adipose tissue, the current flow
becomes difficult and the electrical resistance value
(impedance) increases. 

Measuring liver BI using a similar technique may enable
estimating the degree of fatty liver. Non-invasively and easily
measuring the degree of fatty liver may help in organ retrieval
by allowing repeated measurements and determining the
heterogeneous fat distribution in the liver. Previous studies
using animal models have reported good correlations between
BI measurements and liver steatosis (9-11). Here, we
evaluated whether BI could be used to evaluate the rate of
liver steatosis in human livers in a pilot study of non-cirrhotic
patients who underwent a hepatectomy.

Materials and Methods
Materials. Sixteen of 107 patients who underwent hepatectomies
beyond segmental resection at our hospital from January 2016 to
December 2017 provided written consent and were included in the
study. Approximately 30 g of noncancerous liver tissue was
collected from liver resection specimens removed from these
patients. The collected specimens were stored in ice at 4˚C for at
least 20 min to standardize the temperature conditions for
impedance measurement. The institutional review board of Nagasaki
University approved the study (approval number: 15072754-2).

BI analysis. BI analysis was performed using a Fish analyzer DFA
100 (Yamato Scale Co., Ltd., Hyogo, Japan; Figure 1). This device
uses the tetrapolar circuit method, where the current and voltage
electrode are independent, and the electrode structure does not
affect the impedance. The electrodes are all 1 cm apart; an
alternating 350-μA current is applied from the outer current
electrode, and the voltage is detected at the inner voltage electrode.
The detected voltage is amplified by the amplifying circuit,
converted to direct current by the rectifying and smoothing circuits,
and finally converted to a digital signal by the analog/digital
converter circuit. The central processing unit then calculates the
impedance. The device also uses a multifrequency measurement
method that allows electricity to flow at multiple frequencies (e.g.,
2, 5, 20, 50, and 100 kHz).

Quantification measurement of lipids in the liver. Intrahepatic lipids
were measured at Skylight Biotech, Inc. (Akita, Japan). After
analyzing the BI of the resected liver, approximately 1 g of liver
tissue was used for measurements. Lipids were extracted via the
Folch method (12). Triglycerides (TGs) and total cholesterol (T-
CHO) were quantified in mg/g using the Cholestest TG and
Cholestest CHO (Sekisui Medical, Tokyo, Japan), respectively.

Evaluation of liver steatosis. Formalin-fixed, paraffin-embedded
liver sections were stained with hematoxylin and eosin (Figure 2).
The prepared histological slides were scanned and photographed
using a BZ-X810 microscope (Keyence, Osaka, Japan). The
proportion of fatty change was analyzed using BZ-H4 software
(Keyence). The area of fatty change per field of view was
measured at 100× magnification, and the percentage of liver
steatosis was calculated. The average of five fields of view per
sample was calculated.

Statistical analysis. IBM SPSS Statistics 26 (IBM Corp., New York,
NY, USA) was used for statistical analysis. A Mann-Whitney U-test
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Figure 1. Measurement of bioelectrical impedance values on the liver
surface after cold storage.



was used to analyze continuous data, and a chi-square test was used
for categorical data. Single regression analysis was used to assess
the relationship between BI value and percentage of liver steatosis.
p-Value<0.05 was considered statistically significant.

Results

Patient characteristics. Table I shows the patients’ background
characteristics. Sixteen patients (nine women and seven men)
were enrolled. The median age was 72 years (range=24-83
years); the median body mass index was 24.4 (range=17.3-
30.7). Six patients underwent surgery for hepatocellular
carcinoma, five for intrahepatic cholangiocarcinoma, four for
colorectal liver metastases, and one for hepatolithiasis. Seven
patients had preexisting hypertension, three had diabetes, and
one had hyperlipidemia. The median preoperative laboratory
values were albumin: 4.05 g/dl (range=2.8-5.0 g/dl), bilirubin:
0.9 mg/dl (range=0.3-1.8 g/dl), AST: 20.5 U/l (range=13-75
g/dl), ALT: 20.5 U/l (range=9-119 g/dl), and PT INR: 1.1
(range=0.9-1.2 g/dl).

Relationship between amount of intrahepatic lipids and
percentage of liver steatosis. The median intrahepatic T-CHO
content was 0.3 mg/g (range=0.2-0.5 mg/g); the median
intrahepatic TG content was 1.0 mg/g (range=0.3-11.5
mg/g). The median percentage of liver steatosis was 0.4%
(range=0.01%-8.1%). Figure 3A and B shows the
relationship between these parameters and the percentage of
liver steatosis. The percentage of liver steatosis was
significantly correlated with the intrahepatic TG content
(r=0.82, p<0.001).

Relationship between BI values and percentage of liver
steatosis. The median BIs were 324.5 Ω (range=179.2-600.7

Ω) at 2 kHz, 290.9 Ω (range=173.0-517.0 Ω) at 5 kHz, 216.5
Ω (range=155.6-344.7 Ω) at 20 kHz, 160.4 Ω (range=123.3-
259.0 Ω) at 50 kHz, and 127.5 Ω (range=98.6-201.6 Ω) at
100 kHz. Figure 4 shows the relationship between the BI
values measured at 2, 5, 20, 50, and 100 kHz and the
percentage of liver steatosis. Linear regression of the
measurements and predicted values yielded an r2 of 0.63
between the BI at 100 kHz and liver steatosis, indicating
reasonable agreement (p<0.001). Based on this curve, the
percentage of liver steatosis could be determined by the
formula: [0.054×(liver BI value at 100 kHz)-6.0832].
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Figure 2. Hematoxylin-eosin-stained liver tissue. (A) 0.01% liver steatosis; (B) 8.0% liver steatosis.

Table I. Patient characteristics.

Patients (n)                                                              16
Gender, male                                                    7 (43.8%)
Age                                                                   72 [24-83]
Body mass index                                         24.4 [17.3-30.7]
Indication for surgery             6 HCC/5 ICC/4 CRLM/1 Hepatolithiasis
Comorbidities                                                           
   Hypertension                                                 7 (43.8%)
   Diabetes mellitus                                          5 (31.3%)
   Hyperlipidemia                                              1 (6.2%)
   Comorbidities                                               7 (43.8%)
   Hypertension                                                 5 (31.3%)
Laboratory data                                                        
   Albumin (g/dl)                                           4.05 [2.8-5.0]
   Total bilirubin (mg/dl)                                0.9 [0.3-1.8]
   AST (U/l)                                                    22.5 [13-75]
   ALT (U/l)                                                    20.5 [9-119]
   PT-INR                                                        1.1 [0.9-1.2]

HCC: Hepatocellular carcinoma; ICC: intrahepatic cholangiocarcinoma;
CRLM: colorectal liver metastasis; AST: aspartate aminotransferase;
ALT: alanine aminotransferase; PT-INR: international normalized ratio
of prothrombin time. Data are represented as n (%) or median [range].



Discussion

Here, we showed that the liver BI measurement could predict
the degree of liver steatosis. Liver steatosis is considered a
major risk for primary graft nonfunction after liver

transplantation. This risk should be eliminated as much as
possible. Histopathological examination at the time of donor
surgery is the gold standard for evaluating liver steatosis.
However, it is not available 24 hours a day at all facilities, and
the evaluation is subjective among pathologists. Additionally,
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Figure 3. Relationship between percentage of liver steatosis and amount of intrahepatic lipids. (A) Relationship between percentage of liver steatosis
and intrahepatic total cholesterol content; (B) relationship between percentage of live steatosis and intrahepatic triglyceride content.

Figure 4. Relationship between percentage of liver steatosis and liver BI at multiple frequencies.



multiple biopsies are required to evaluate the entire liver,
which causes minor but significant graft damage. Therefore,
a better method is needed to measure liver steatosis.

The BI method is simple, fast, can be measured with a small
portable device and allows objective evaluation by
quantification. However, to date, few studies have reported
liver steatosis evaluations using the BI method. Hwang et al.
measured the total body fat composition in 302 patients using
a body fat analyzer via the BI method. The measurements were
performed with patients in the supine position using a bipolar
electrode configuration placed on the dorsa of both hands. The
BI-derived fat composition was calculated using age, sex,
height, and weight. The results were compared with the
histopathological degree of liver steatosis determined from the
biopsy. The results showed a poor relationship between the two
parameters (r2=0.14, p<0.01); the authors concluded that
predicting the degree of fatty liver by measuring total body
composition is difficult using the BI method alone (13).
Parramon et al. (2007) demonstrated that multifrequency tissue
BI measurements could be used to detect liver steatosis in vivo
(9). In 2009, these authors examined the relationship between
low-frequency BI and histopathological degree of liver
steatosis using a rat-liver model. As in our study, they used a
BI probe consisting of four electrodes. They applied a 50-μA
alternating current, measured the resulting potential across the
inner electrodes, and analyzed the measurement at 1 kHz. The
BI measurements correlated well with the percentage of liver
macrosteatosis (Pearson correlation coefficient: 0.73). Thus,
their study showed that direct BI measurements of the liver
may predict liver steatosis. Bhati et al. (2009) performed BI
analysis using human livers to evaluate macrovesicular
steatosis. They used the Maltron BI analyzer (BioScan 915,
Maltron International Ltd., London, UK) with tetrapolar
electrodes. The recorded resistance and impedance were
compared with the histopathological grade of the biopsied liver
steatosis. Their results showed that the presence of
macrovesicular steatosis correlated with resistance (p=0.03).
However, the impedance and macrovesicular fat were not
correlated (p=0.08) (14). This result differed from our results,
likely because the measurements were taken only at 50 kHz
and intraoperatively, while hepatic blood flow was maintained.

In the present study, the results were less susceptible to local
factors and background noise because we measured the BI
while the livers were ice-cold on a back table. We thought that
body temperature and blood flow might affect the results.
Donor liver grafts are kept ice-cold during transport; thus, our
measurement conditions were reasonable. We also measured
the BI values using various frequencies and searched for the
condition that best correlated with liver steatosis. We examined
frequencies ranging from 2-100 kHz, and the readings at 100
kHz were the best predictors. To our knowledge, this is the first
study to show an association between directly measured liver
BI values and the degree of liver steatosis.

This study had several limitations. First, the study was
designed to be a pilot clinical trial, and the number of cases
was limited. Additionally, the number of patients with
advanced fatty liver was small because we included patients
who underwent hepatic resection with more than a
sectionectomy, and many had preserved liver function.
Finally, we measured the BI with only a single device; thus,
validation is necessary.

Interestingly, a previous report indicated a relationship
between changes in BI values during cold preservation and
ischemic damage to kidney grafts. A possible explanation
may be that cellular edema narrows the extra cellular space
and reduces the width of the electrical path for low-
frequency currents (15). BI analysis may help assess both
liver steatosis and graft freshness after a relatively long
warm ischemic time in donation and circulatory death.

In conclusion, BI is a simple, non-invasive and convenient
method that may help clinicians evaluate liver steatosis.
Although further research is needed, the BI method may
become the new gold standard for graft evaluation of liver
steatosis during donor surgery.
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