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Perioperative liver and spleen elastography in patients
without chronic liver disease

Sam Eriksson, Hanna Borsiin, Carl-Fredrik Oberg, Hannes Brange, Zoran Mijovic, Christian Sturesson

Sam Eriksson, Hanna Borsiin, Carl-Fredrik Oberg, Hannes Telephone: +46-46-172347
Brange, Christian Sturesson, Department of Surgery, Lund Fax: +46-46-172335
University, Skéane University Hospital, Lund S-221 85, Sweden
Received: November 2, 2017
Zoran Mijovic, Department of Radiology, Lund University, Peer-review started: November 2, 2017
Skéne University Hospital, Lund S-221 85, Sweden First decision: December 6, 2017
Revised: January 14,2018
Author contributions: Eriksson S contributed with methodology, Accepted: February 6, 2018
data analysis, data presentation and writing of an original draft of Article in press: February 6, 2018
the manuscript; Borsiin H, Oberg CF and Brange H contributed Published online: February 27, 2018
with project administration, data acquisition and data analysis;
Mijovic Z contributed with methodology; Sturesson C contributed
with conceptualization, methodology and supervision; all authors
conducted critical revisions and approved the final version of the
manuscript. Abstract
AIM
Institutional review board statement: The study was reviewed To investigate changes in hepatic and splenic stiffness
and approved by the Regional Ethical Review Board Lund. in patients without chronic liver disease during liver

Informed consent statement: All study participants provided resection for hepatic tumors.

informed written consent prior to study enrollment.

METHODS
Conflict-of-interest statement: The authors have declared that ~ Patients scheduled for liver resection for hepatic
no competing interests exist. tumors were considered for enroliment. Tissue stiffness

measurements on liver and spleen were conducted
Data sharing statement: No additional data are available for before and two days after liver resection using point
sharing. shear-wave elastography. Histological analysis of the

S ) , resected liver specimen was conducted in all patients
Open-Access: This article is an open-access article which was . . . ] -

. . . and patients with marked liver fibrosis were excluded
selected by an in-house editor and fully peer-reviewed by external

reviewers. It is distributed in accordance with the Creative from further Stu_dy analy_SIS' Patients ‘_Nere divided into
Commons Attribution Non Commercial (CC BY-NC 4.0) license, groups depending on size of resection and whether
which permits others to distribute, remix, adapt, build upon this they had received preoperative chemotherapy or not.
work non-commercially, and license their derivative works on The relation between tissue stiffness and postoperative
different terms, provided the original work is properly cited and biochemistry was investigated.

the use is non-commercial. See: http://creativecommons.org/

licenses/by-nc/4.0/ RESULTS

Results are presented as median (interquartile range).
35 patients were included. The liver stiffness increased

Correspondence to: Christian Sturesson, MD, PhD, Associate [N Patients undergoing a major resection from 1.41
Professor, Surgeon, Department of Surgery, Lund University, (1.24-1.63) m/s to 2-_20 (1-7_2'2-44_) m/s (P = 0-_001)-
Skéne University Hospital, Lund S-221 85, No change in liver stiffness in patients undergoing a
Sweden. christian.sturesson@med.lu.se minor resection was found [1.31 (1.15-1.52) m/s vs 1.37
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(1.12-1.77) m/s, P = 0.438]. A major resection resulted
in a 16% (7%-33%) increase in spleen stiffness, more
(P = 0.047) than after a minor resection [2 (-1-13) %].
Patients who underwent preoperative chemotherapy (»
= 20) did not differ from others in preoperative right
liver lobe [1.31 (1.16-1.50) vs 1.38 (1.12-1.56) m/s, P
= 0.569] or spleen [2.79 (2.33-3.11) vs 2.71 (2.37-2.86)
m/s, P = 0.515] stiffness. Remnant liver stiffness on
the second postoperative day did not show strong
correlations with maximum postoperative increase in
bilirubin (R* = 0.154, Pearson’s r = 0.392, P = 0.032)
and international normalized ratio (R> = 0.285, Pearson’s
r =0.534, P = 0.003).

CONCLUSION

Liver and spleen stiffness increase after a major liver
resection for hepatic tumors in patients without chronic
liver disease.

Key words: Chemotherapy; Adjuvant; Colorectal
neoplasms; Elasticity imaging techniques; Hepatectomy;
Liver neoplasms

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Point shear-wave elastography is an ultrasound-
based technique which lets the user measure tissue
stiffness. The technique has previously mostly been used
to study patients with chronic liver disease and cirrhosis.
In the current study we investigate changes in liver and
spleen stiffness in patients without chronic liver disease
undergoing chemotherapy and liver resection for liver
tumors. A major liver resection resulted in a 42% increase
in liver stiffness. Also, spleen stiffness increased more after
a major than after a minor resection. However, there was
no difference in tissue stiffness between patients who
received preoperative chemotherapy or not.

Eriksson S, Borsiin H, Oberg CF, Brange H, Mijovic Z,
Sturesson C. Perioperative liver and spleen elastography in
patients without chronic liver disease. World J Gastrointest
Surg 2018; 10(2): 21-27 Available from: URL: http://www.
wjgnet.com/1948-9366/full/v10/i2/21.htm DOI: http://dx.doi.
org/10.4240/wjgs.v10.i2.21

INTRODUCTION

Liver elastography implies reporting metrics related to the
mechanical stiffness of the liver, using either ultrasound
or magnetic resonance techniques™. Ultrasound-based
techniques include virtual touch tissue quantification
(VTTQ) (Siemens, Erlangen, Germany) which is a
software based on point shear-wave elastography (SWE)
technology, used to measure tissue elasticity®™. Using
standard ultrasound equipment, an acoustic pulse is
applied to a region of interest within the tissue under
investigation™. The pulse will cause small displacements
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of the tissue and generate shear waves perpendicular
to the original pulse. The shear wave propagation
velocity will differ depending on the elastic properties,
i.e., stiffness, of the tissue'®. High shear wave velocity
denotes a stiffer tissue. In relation to surgical resection of
liver tumors, a high preoperative liver stiffness has been
shown to increase the risk of postoperative liver failure
after resection of hepatocellular carcinoma in patients
with chronic liver disease"”.

Changes in perioperative liver stiffness in patients
without chronic liver disease undergoing liver resection
for tumors have not been previously investigated.
Surgical resection offers a potential cure for both primary
liver tumors and liver metastasis®. The risk of postoperative
liver failure is the most important factor for postoperative
mortality limiting the size of the resection™. An otherwise
healthy liver can withstand a larger resection than a
liver with parenchymal damage, which requires a larger
liver remnant to ensure a sufficient postoperative liver
function. Parenchymal damage can be due to chronic
liver disease because of hepatitis or alcohol abuse but
also occurs in non-alcoholic fatty liver disease or because
of chemotherapy™!"*. Chemotherapy associated
parenchymal damage include steatosis, steatohepatitis
and sinusoidal obstruction syndrome which all have
been suggested to increase postoperative morbidity or
mortality™>'***,

The current study aimed to investigate changes in
hepatic and splenic stiffness during liver resection for
hepatic tumors in patients without chronic liver disease,
effects of preoperative chemotherapy on tissue stiffness
and its relation to early postoperative biochemistry with
the aim to detect postoperative liver failure.

MATERIALS AND METHODS

Patient selection

The study protocol was approved by the Regional Ethical
Review Board. Patients scheduled for liver resection for
hepatic tumors at a single center were considered for
enrollment. Patients were given both written and oral
information about the study and gave their written consent
prior to enroliment. Patients’ clinical data were recorded
from patient medical records. Patients with marked liver
fibrosis were excluded from study analysis.

To study the effect of liver resection on liver stiffness
patients were divided into two groups depending on
whether they underwent a major resection (hemihepa-
tectomy or extended hemihepatectomy) or a minor
resection. Liver resection was performed as previously
described!™®. If necessary, the blood flow of the portal
vein and hepatic artery was temporarily occluded
(Pringle’s maneuver). Preoperative chemotherapy was
defined as receiving chemotherapy within 3 mo prior to
surgery'’.,

Liver stiffness measurements
Measurements of liver and spleen stiffness were made
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Table 1 Patient characteristics
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No resection

Minor resection Major resection

No. of patients 4
Gender (male:female) 1:3
Age (yr) 69 (56-76)
BMI (kg/m?) 23.5 (21.4-28.6)
Weight (kg) 64 (53-86)
ASA physical status (1/2:3/4) 31
Preoperative bilirubin (pmol/L) 5 (4-7)
Preoperative INR 1.0 (0.9-1.0)
Diagnosis

Colorectal metastases 3

Other malignant tumors 0

Benign tumors 1
Number of hepatic tumors 5 (1-7)
Largest hepatic tumor (mm) 42 (17-57)
Preoperative chemotherapy 2
Oxaliplatin-based therapy 2
Liver lobe operated (right lobe:left lobe:both lobes) -
Operating time (h) 2.5 (2-3)

Operative bleeding (mL)

Length of hospital stay (d)

Liver parenchyma damage
Steatosis -
Steatohepatitis =
SOS =

3(2-6)

125 (100-150)

16 15
8:8 87
75 (66-79) 66 (50-74)
24.7 (21.8-26.8) 26.8 (25.2-28.7)
72 (63-83) 78 (70-90)
10:6 10:5
6 (5-10) 7 (6-11)
1.0 (0.9-1.1) 1.0 (1.0-1.1)
13 11
2 3
1 1
1(1-2) 2 (2-6)
30 (10-45) 30 (23-51)
6 12
4 9
7:4:5 7:0:8
3 (3-5.5) 6 (4.5-7)
275 (150-500) 650 (400-1100)
6 (3-9) 6 (5-7)
0 1
0 0
0 0

Data are presented as number or median (interquartile range). BMI: Body mass index; ASA: American Society of Anesthesiologists;

INR: International normalized ratio; SOS: Sinusoidal obstruction syndrome.

using a Siemens ACUSON S2000 ultrasound system
(Siemens Medical Solutions Inc., Mountain View, CA, United
States) accompanied by the VTTQ software package. A
4C1 transducer (Siemens Medical Solutions Inc., Mountain
View, CA, United States) was used. Patients were fasting
4 h before examination. To decrease movement artefacts
patients were asked to hold their breath during the seconds
of measurement. Measurements were conducted before
and after liver resection.

Preoperative measurements were conducted in both
the right and the left liver lobe as well as in the spleen.
A region of interest within the respective parenchyma
was chosen at a depth of 3-6 cm from the transducer®.
The regions were chosen so that major blood vessels
and bile ducts were avoided. For measurements in the
right liver lobe intercostal transducer placement was
used. Each region was measured 10 times and a median
of the 10 measurements was calculated. Comparison
between the pre- and postoperative measurements were
made on the spleen and the remnant liver lobe, e.g., on
the right liver lobe if the patient was undergoing a left
hemihepatectomy. Tissue stiffness data was presented
as the shear wave velocity (m/s).

Histological analyses

Histological analysis of the resected liver specimen
was conducted in all patients. The pathologist was
blinded to stiffness results. Steatosis was graded (0-3),
steatohepatitis (0-8) and fibrosis (0-4), according to the
non-alcoholic fatty liver disease activity score, NAS™,
A steatosis grade = 2 was defined as steatosis. A NAS

WIJGS | www.wjgnet.com
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= 5 was defined as steatohepatitis and fibrosis > 2
was defined as marked fibrosis. Sinusoidal obstruction
syndrome was defined as a sinusoidal dilatation grade
= 2 according to Rubbia-Brandt et aft*"!,

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics version 23 (IBM, Armonk, NY, United States).
The statistical methods were reviewed by a biomedical
statistician. To compare continuous data the Mann-
Whitney U-test or the Wilcoxon test for paired samples
was used. Categorical data was compared with a x° test.
Correlations were made using linear regression analysis
and by calculating a Pearson’s correlation coefficient, r.
A P-value < 0.05 was considered statistically significant.
All results are presented as median (interquartile range)
if not stated otherwise.

RESULTS

Patient enrollment and preoperative measurements
Forty-seven patients were enrolled in the study. Nine
patients failed to complete the study protocol and
were excluded from the study; 6 patients declined to
participate after enrollment, mostly due to postoperative
pain and 3 patients were transferred to a different
hospital before the second measurement. In addition,
3 patients were excluded from study analysis because
of marked fibrosis on histological analysis of the liver
specimen, leaving 35 patients included for study
analysis.
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Table 2 Liver and spleen stiffness measurements for the minor and major resection groups

Minor resection

16
1.31 (1.15-152)
1.29 (1.12-1.49)
1.35 (1.06-1.71)
276 (2.36-2.91)
1.37 (1.12-1.77)
2383 (2.44-3.18)

4 (-16-24)

2 (-1-13)

No. of patients

Future liver remnant (m/s)

Right liver lobe preoperative (m/s)
Left liver lobe preoperative (m/s)
Spleen preoperative (m/s)

Liver remnant postoperative (m/s)
Spleen postoperative (m/s)

Relative difference in liver remnant (%)
Relative difference in the spleen (%)

Major resection P value
15 -

1.41 (1.24-1.63) 0.318
1.38 (1.14-1.57) 0.423
1.41 (1.29-1.63) 0.667
2.69 (2.33-3.11) 0.984
2.20 (1.72-2.44) <0.001
2.90 (2.63-3.50) 0.216
42 (33-71) 0.001
16 (7-33) 0.047

Data are presented as median (interquartile range).

Postoperative liver measurements were made
typical on postoperative day 2 (postoperative day 1-3).
Patient characteristics are presented in Table 1. Median
preoperative shear wave velocity in all patients in the
right liver lobe was 1.33 (1.15-1.50) m/s and in the
left liver lobe 1.41 (1.20-1.66) m/s. The shear wave
velocity in the left lobe was higher than in the right, P =
0.026. Median preoperative shear wave velocity of the
spleen was 2.76 (2.37-3.02) m/s.

Four patients did not undergo resection because
of intraoperatively discovered unexpected excessive
liver tumor disease precluding resection (n = 2) and
two patients without intraoperatively detectable tumor
disease. No difference in pre- and postoperative liver
or spleen stiffness was found for these patients (results
not shown).

Tissue stiffness in minor vs major resection

Liver and spleen stiffness measurements for the minor
and major resection groups are presented in Table 2.
There were no differences between groups regarding
gender ratio, body mass index, American Society of
Anesthesiologists (ASA) physical status classification
or diagnosis. However, patients who underwent a
minor resection were older than patients undergoing a
major resection [75 (66-79) vs 66 (50-74) years, P =
0.033] and did not undergo preoperative chemotherapy
as frequent as the patients who underwent a major
resection (6 vs 12 patients, P = 0.017).

The stiffness of the liver remnant increased in
patients undergoing a major resection (P = 0.001) as
compared to preoperative measurements. There was
no difference for patients undergoing a minor resection
(P =0.438).

Chemotherapy
Patients who underwent preoperative chemotherapy
(n = 20) did not differ from others in preoperative
right liver lobe [1.31 (1.16-1.50) vs 1.38 (1.12-1.56)
m/s, P = 0.569] or spleen [2.79 (2.33-3.11) vs 2.71
(2.37-2.86) m/s, P = 0.515] stiffness.

There was no difference between patients preope-
ratively treated with oxaliplatin (n = 15) compared to
others in preoperative right liver [1.31 (1.16-1.50) vs 1.38
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(1.14-1.61) m/s P = 0.670] or spleen [2.76 (2.34-2.97)
vs 2.76 (2.37-3.07) m/s, P = 0.892] stiffness.

Correlation between tissue stiffness and postoperative
bilirubin and international normalized ratio

The correlation between shear wave velocity in the
liver remnant and maximum postoperative increase of
bilirubin and international normalized ratio (INR) are
presented in Figure 1 respectively.

DISCUSSION

The current study presents data on changes in liver and
spleen stiffness after liver resection for hepatic tumors
in patients without chronic liver disease. In patients who
underwent a major resection, the stiffness of the liver
remnant increased by 42% as measured with point
SWE. No change in liver stiffness was found in patients
who underwent a minor resection. The spleen stiffness
increased by 16% after a major resection, more than
after a minor resection (Table 2).

Liver elastography is most frequently used to non-
invasively quantify the degree of liver fibrosis in patients
with chronic liver disease'. As patients with liver
fibrosis were excluded in the present study, the reasons
for increase in liver stiffness found must be unrelated
to histological fibrosis. The increase in tissue stiffness
may be explained by a postoperative increase in portal
pressure which causes a congestion in the smaller liver
remnant!’®’. In comparison, an elevated liver stiffness
has been shown in patients with acute decompensated
heart failure™™ and also in patients with extrahepatic
biliary obstruction”!. No comparative measurements of
portal pressure were conducted in the current study. In
animal models, increase in hepatic perfusion in small-
for-size liver grafts has shown to be of importance in
both liver regeneration and liver damage'. However,
the significance of liver stiffness on liver regeneration is
yet to be investigated. A postoperative increase in liver
stiffness has previously been demonstrated after liver
resection for living donor transplantation’.

Mean shear wave velocity in healthy livers range about
0.8-1.7 m/s".. The present preoperative measurements
are in alignment with these values. In addition, there was

February 27, 2018 | Volume 10 | Issue 2 |
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Figure 1 Correlation between maximum postoperative bilirubin increase
(A), international normalized ratio (B) and stiffness in liver remnant for
patients who underwent minor (O) and major (X) resection. A: R*= 0.154,
Pearson’s r = 0.392, P = 0.032; B: R = 0.285, Pearson’s r = 0.534, P = 0.003.
INR: International normalized ratio.

a significant difference between measurements in the right
and left liver lobes. This has been observed previously™,
and may be due to the smaller volume of the left lobe
or its close position to the heart, causing movement
artefacts. The same authors have suggested that more
reliable measurements are obtained at a greater depth than
superficial measurements. For that reason measurements
in the current study were conducted at a depth of 3-6 cm
from the transducer™.

Point SWE measurements allow fast and non-invasive
measurements of tissue stiffness. Compared to transient
elastography with Fibroscan®, another ultrasound-based
tissue stiffness diagnostic technique, point SWE can be
made using standard ultrasound equipment, without the
need for an extra examination and a region of interest
within the tissue can easily be defined by the operator
using a real-time conventional B-mode image!®?*.

Measurements were done on the second postoperative
day as earlier measurements were found difficult to make
due to postoperative pain.

No differences in liver or spleen stiffness were found
in patients undergoing preoperative chemotherapy.
Chemotherapy-induced liver parenchyma damage

Roishidenge ~ WJGS | www.wjgnet.com
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could worsen outcome after a liver resection™****! and
perioperative identification of parenchymal damage
would be desirable. Oxaliplatin, often included in
preoperative treatment of colorectal liver metastasis, has

previously been shown to induce splenic enlargement™,

proposed as a result of induced sinusoidal obstruction
syndrome®®. In the present study, no differences were
found in preoperative splenic or liver stiffness in patients
who received oxaliplatin. However, only one patient
showed histological signs of steatosis and none presented
with sinusoidal obstruction syndrome or steatohepatitis,
which is a considerably lower frequency than previously
reported™ ™, One limitation of the current study is the
relative small number of patients included, which may

explain the differences.

Postoperative liver failure has high morbidity and
mortality rates and early detection is of great interest to
rapidly initiate treatment measures™”. There is currently
no good method for its early diagnosis and signs of
liver failure are first detected several days after surgery

when patients develop high bilirubin and INR valuest®®.

The present measurements on the second postoperative
day showed weak but significant correlations with
maximum postoperative increase in bilirubin and INR,
as shown in Figure 1. A study on living liver donors

have presented similar results on maximum bilirubin!*.,

In a small report on 3 patients with acute liver failure
due to intoxication, liver stiffness was suggested to be
higher than healthy controls but similar to patients with
liver cirrhosis™®. Point SWE measurements may play
a role in the early detection of liver failure, however
further study is needed on the dynamics of normal and

pathological liver stiffness after liver resection.

In conclusion, liver and spleen stiffness changes
after liver resection for hepatic tumors using point
SWE measurements have been presented. The size of
resection matters to the dynamics of liver stiffness. The
potential of point SWE in the detection of chemotherapy
induced liver damage and postoperative liver failure

needs further investigation.

ARTICLE HIGHLIGHTS

Research background

Surgical resection offers a potential cure for both
primary liver tumors and liver metastases. The risk of
postoperative liver failure is the most important factor
for postoperative mortality and limits the size of the
resection. An otherwise healthy liver can withstand a
larger resection than a liver with parenchymal damage,
which requires a larger liver remnant to ensure sufficient
postoperative liver function. Liver elastography implies
reporting metrics related to the mechanical stiffness
of the liver. Liver elastography is most frequently used
to non-invasively quantify the degree of liver fibrosis
in patients with chronic liver disease. Changes in
perioperative liver stiffness in patients without chronic
liver disease undergoing liver resection for tumors have

not been investigated.

25
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Research motivation

Postoperative liver failure has high morbidity and
mortality rates and early detection is of great interest to
rapidly initiate treatment measures. There is currently
no good method for its early diagnosis and signs of
liver failure are first detected several days after surgery
when patients develop high bilirubin and international
normalized ratio values.

Research objectives

The current study aimed to investigate the changes in
hepatic and splenic stiffness during liver resection for
hepatic tumors in patients without chronic liver disease;
and to investigate effects of preoperative chemotherapy
on tissue stiffness and its relation to early postoperative
biochemistry with the aim to detect postoperative liver
failure.

Research methods

Tissue stiffness measurements on liver and spleen were
conducted before and two days after liver resection for
hepatic tumors using point shear-wave elastography
(SWE). Patients were divided into groups depending
on size of resection and whether they had received
preoperative chemotherapy or not.

Research results

The stiffness of the liver remnant increased by 42% as
measured with point SWE in patients who underwent
a major resection. In patients who underwent a minor
resection, no change in liver stiffness was found. The
spleen stiffness increased by 16% after a major resection,
more than after a minor resection. In patients undergoing
preoperative chemotherapy, no differences in liver or
spleen stiffness were found. Remnant liver stiffness on the
second postoperative day did not show strong correlations
with maximum postoperative increase in bilirubin and
interational normalized ratio.

Research conclusions

Liver and spleen stiffness increase after a major
liver resection for hepatic tumors in patients without
chronic liver disease. The potential of point SWE in the
detection of chemotherapy induced liver damage and
postoperative liver failure needs further investigation.

Research perspectives

Point SWE measurements may play a role in the early
detection of liver failure; however, further study is needed
on the dynamics of normal and pathological liver stiffness
after liver resection.
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