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Abstract

The objective of this review is to examine whether a
redundant colon gives rise to symptoms like constipation
and volvulus. In 1820, Monterossi made drawings of
colons with displacements and elongation of the colon
found during autopsy. In 1912, Kienbdeck first visualized
a redundant colon using bismuth, and Lardennois and
Auborg named the anatomic variant dolichocolon in
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1914. The criteria were later: A sigmoid loop rising over
the line between the iliac crests, a transverse colon
below the same line and extra loops at the flexures. The
incidence of dolichocolon is 1.9%-28.5%. Dolichocolon
seems to be congenital, as fetuses, newborns, and
infants exhibit colonic redundancies. Studies have
identified a triade of constipation, abdominal pain,
and distension. Colon transit time was recently shown
to increase significantly with increased number of
redundancies, which increases abdominal pain, bloating
and infrequent defecation. The diagnosis of dolichocolon
is established by barium enema or CT-colonography.
Treatment is conservative, or surgical in case of volvulus
or refractory constipation.

Key words: Dolichocolon; Colon elongatum; Functional
gastrointestinal disorders; Constipation; Volvulus

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

Core tip: Dolichocolon is an inborn anatomic variant,
where redundancies may be located in the right, middle
and left part of the colon and at the flexures. This
review investigated the literature on dolichocolon. The
prevalence is not known. The incidence is 1.9%-28.5%
in patient series. The dominating symptoms of dolichocolon
are constipation, abdominal pain and volvulus. Colon
transit time is prolonged and increases significantly with
increased number of redundancies, which increases
abdominal pain, bloating and infrequent defecation.
The diagnosis is established by a barium enema or CT-
colonography. Treatment is conservative, or surgical in
case of volvulus or refractory constipation.

Raahave D. Dolichocolon revisited: An inborn anatomic variant
with redundancies causing constipation and volvulus. World
J Gastrointest Surg 2018; 10(2): 6-12 Available from: URL:
http://www.wjgnet.com/1948-9366/full/v10/i2/6.htm DOI:
http://dx.doi.org/10.4240/wjgs.v10.i12.6
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INTRODUCTION

The redundant colon represents an unusually lengthened
large bowel folded up upon itself, forming extra loops,
tortuosities and kinks. The redundancy may involve the
entire colon or it may be limited to certain areas as the
hepatic flexure, transverse colon, splenic flexure, but
the distal colon especially the region of the sigmoid is
the most commonly affected. There has long been a
debate about whether a redundant colon gives rise to
symptoms like constipation and volvulus. The objective
of this review is to critically examine this issue.

Embryological development of the colon

The development of the midgut in the embryo is
characterized by a rapid elongation of the gut and
its mesentery, resulting in formation of the primary
intestinal loop. The cephalic limb of the loop develops
into the distal part of the duodenum, the jejunum, and
part of the ileum. The caudal limb becomes the lower
portion of the ileum, the caecum, the appendix, the
ascending colon and the proximal two-thirds of the
transverse colon. In adults, the junction of the cranial
and caudal limb can only be recognized if a portion of
the vitelline duct persists as a Meckel's diverticulum™.
Coinciding with the growth in length, the primitive
intestinal loop rotates around an axis formed by the
superior mesenteric artery. Subsequently, elongation
of the small intestinal loop continues, forming coiled
loops. Similarly, the large intestine grows considerably
in length, but fails to participate in the coiling
phenomenon. At the end of the third month, the
intestinal loops return to the abdominal cavity from the
extra-embryonic coelom. The caecal bud is temporarily
located in the right upper quadrant below the liver
before it descends into the right iliac fossa, thereby
forming the ascending colon and hepatic flexure.
The distal end of the caecal swelling forms a narrow
diverticulum, the appendix. As the intestine returns to
the abdominal cavity, their mesenteries are pressed
against the posterior abdominal wall where they fuse
with the parietal peritoneum, fixing the right and left
colon. The colon is now as it is in the adult.

ANCIENT ANATOMIC OBSERVATIONS
OF THE COLON

In 1820, Monterossi”! noted from autopsies an increased
length of the colon, which was depicted in handmade
drawings showing sigmoid loops and duplication of
the right and left colonic flexure (Figure 1). Treves™
dissected the bodies of patients who died from reasons
other than abdominal diseases. He was convinced
that the length of the bowel was independent of age,
height, and weight. In the full-term fetus, he found that
the length of the intestine, and especially the colon,
was significantly constant. Shober™ reported 18 cases
selected from different investigators between 1826 and
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1896 in which the sigmoid flexure was found on the
right side of the pelvis. Various other abnormalities were
reported, including a caecum in the right hypochondriac
region with extensive mesentery. It seems that the
colon was likely to vary in length and in mode of
disposition more than any other part of the intestinal
canal®. This was further demonstrated by Black™
in a series of drawings from textbooks and journal
papers between 1836 and 1911, showing a multitude
of displacement and elongation of the left colon. The
hepatic and splenic flexures were permanently in place.

Bryant””! measured the intestines after removed
from the body. His data showed that Treves® was
incorrect in stating that all children start life with
practically the same length of intestine. He found great
variations in the small intestine and colon before the
fifth month of fetal life. At the age of 10 years, the child
has a length of colon considered normal for the adult. He
also found that the colon varied in length from 1.25 to
2.00 m, with an average length of 1.52 m. Furthermore,
he reported that the length of the colon increased about
20 cm between 20 and 80 years of age.

NEWER OBSERVATIONS OF COLON
LENGTH

Phillips et al'® reported colon length from several studies
of cadavers, using laparotomy, barium enema or CT-
colonography, between 1955 and 2015. The mean
length of the colon varied between 109.0 cm and 169.0
cm. A redundant colon with loops was not mentioned.
In their own study, they found a significant proportion
of colons had mobility of the ascending and descending
segments, with the length of the latter being highly
variable. This may indicate loose redundancies.

RADIOLOGY OF DOLICHOCOLON

By combining a bismuth meal and a bismuth clysma,
Kienbdck™ was the first to visualize a redundant
colon. An extremely long mobile descending colon and
sigmoid ran from the left flexure through the abdomen
up under the liver and then distally superimposed to
the ascending colon and caecum, before joining the
rectum. A few years later, Lardennois and Aubourg™®
using the same technique demonstrated various
redundancies in all parts of the colon, in both adults
and children. These investigators named the anatomic
variant dolichocolon (dolicho-, Greek: long). During
the following years, many case-series with all positions
of colonic redundancies were published, using this
new X-ray technique™*¥. The colon length or that of
the redundancies was not measured. Years later, the
redundant colon was characterized by the following
criteria: a sigmoid loop rising over the line between the
iliac crests, a transverse colon below the same line and
extra loops at the hepatic and splenic flexure. A fully
developed dolichocolon occurs when all redundancies
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Figure 1 Handmade drawings of dolichocolon forming tortuosities, loops
and kinks. From Monterossi®, 1820.

are present simultaneously!>*”! (Figures 2 and 3).

A long colon may result in an incomplete colonoscopy,
as demonstrated in a study in which the colorectal
length was 45 cm longer than the length in a group who
underwent complete colonoscopy™®.

ETIOLOGY OF DOLICHOCOLON

Redundancy of the colon is a far from seldom variant. In
1934, Kantor™® reported 258 cases from 1614 patients
who underwent roentgenography, an incidence of
16.0%. However, Moeller™ found redundant colon in 18
out of 744 cases, an incidence of 2.4%. A high incidence
of 28.5% was found among 562 cases reported by
Larimore™, and in 116 newborn infants, he found
redundancy with the same frequency and variation as
in adults. In cadavers, Bryant” reported an incidence of
14% among 242 subjects. Thus, redundancy seems
to occur at any age, in either sex, and without special
preference to any habitus®”,

For the next half century, the interest in redundant
colon seemed to wane. The prevalence of dolichocolon
in a population is not known, because healthy people
have not been investigated for that purpose. The closest
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to such an evaluation is a study by Brumer® in which
53 patients had a barium enema for reasons other
than constipation; one patient (1.9%) had a redundant
colon. In 2009, Raahave et al'”! published a study of
236 patients with constipation disorders, finding high
frequencies of colonic redundancies.

The question for many authors has been whether
dolichocolon is a congenital anatomic variant, an
abnormal growth, or pathological stretching. Treves
and Bryant”? assumed that colon growth is associated
with activity and function depending on the diet. Very
recently, the large bowel was shown in mice to undergo
substantial changes in length, as it fills with fecal matter,
and that the stretching of longitudinal muscles results in
slow colonic transit®”. However, using barium enema,
several authors have shown that fetuses, newborns,
and infants exhibit colonic redundancies!®'*?3,
Recently, colonic elongation has been shown in children
by nuclear transit scintigraphy'*”. A familiar occurrence
of dolichocolon has also been observed®.. In general,
there are great variations in the frequency and positions
of redundancies. Most investigators have found them to
occur in the middle and left side of the colont****7%3],

Thus, dolichocolon is mainly congenital, but function
and fecal transport may also promote some changes.

SYMPTOMS FROM THE REDUNDANT
COLON

The dominating symptom of dolichocolon is constipa-
tion[*6:2131419232526] © gnd patients have died from it"®.
In 1962, Brumer™ examined 106 patients with chronic
constipation using barium enema and found 32 (30.2%)
had a redundant colon. Among 53 controls, only one
(1.9%) had a colon with redundancies. He concluded
that a causal connection must exist between this
anomaly and constipation. The most common related
cause of constipation after anorectal myectomy was
later found to be a redundant colon™”’. When evaluating
patients with slow transit constipation, the cause was
always associated with dolichocolon™. Recently, a high
proportion of patients with constipation disorders was
shown to have redundant colon™”.

Pain sometimes cramp-like, often occurs in the
lower abdomen®!!#17193325) ‘where a tender mass may
sometimes be felt'™®'”**!, Constipation and pain are often
followed with distension, and many cases demonstrate
how much these patients have suffered.

Non-specific symptoms have also been linked to
redundant colon, such as general weakness, headache,
and mild fever attacks suggested to be caused by a toxic
condition because of fecal stasis™'****?, In the beginning
of the 20" century, a theory of autointoxication was
formulated™, but then discredited among little proof of
bacterial toxin production. However, immune activation is
detected in constipated patients based on levels of CD3",
CD4*, CD8*, and CD25" T-cells and by spontaneous
proliferation of lymphocytes. T-cell activation, elevated
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Figure 3 Barium enema showing a fully developed dolichocolon: A
sigmoid loop rising over the line between the iliac crests, a transverse
colon below the same line and extra loops at the flexures.

levels of antibacterial antibodies, and a tendency towards
elevated concentrations of IgG, IgM, and circulating
immune complexes, provide evidence of the stimulation
of systemic cellular and humoral immunity in chronic
constipation™".

An elongated colon is often associated with a failure
of agglutination of the mesentery with the parietal
peritoneum. Consequently, the elongated colon is not
fixed to the dorsal wall and can swing free on a long
mesentery (Figure 4), and loose redundant loops have
a potential risk of volvulus.

FUNCTION OF A REDUNDANT COLON

Information to the function of a redundant colon is
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Figure 4 Dolichocolon with loose mesenteries allowing the colon to be
drawn out of the abdomen: The transverse colon is localized at the right,
and the sigmoid loop at the left.

scarce. Atony and a weak muscular tone may be
limited to the site of the redundancy™ or dysfunction
may be the result of derangement of the autonomous
intestinal nervous system"™. Kantor!*®’ suggested
that constipation varies directly with colon length,
and Metcalf et al®” later stated that transit is largely
proportional to the length and volume of a colon
segment. In an overview, Miller-Lissner et a/*¥
stated that, although a long colon could prolong stool
residence time, no studies have correlated colonic
transit time with colon length. Subsequently, Raahave
et al'” demonstrated that the mean colon transit time
was 36.26 h in patients without redundancies, 43.80
h in those with one redundancy, 41.65 h in those with
two redundancies, and 52.27 h in those with three to

February 27, 2018 | Volume 10 | Issue 2 |



Raahave D. Dolichocolon causing constipation and volvulus

four redundancies. The mean colon transit time of 44
controls was 24.75 h. The difference in colon transit
time between the four levels of redundancies was
significant. Abdominal pain, bloating, and infrequent
defecation increased significantly with an increased
number of redundancies. A separate analysis found a
significant positive correlation between colon transit
time and fecal load and a redundant sigmoid colon.

In studies of patients undergoing subtotal colectomy
for slow transit constipation, the majority of colon
specimens were significantly redundant’®*>®, Colon transit
time is meant to be a measure of the speed of fecal
propulsion through the colon, and an even distribution
of radiopaque markers suggests the same function of
all parts of the colon, including redundancies. Possible
reasons for dysmotility are disorders of the enteric
nervous system, neuroendocrine system or brain-gut axis,
including lack of interstitial cells of Cajalt®”.

DIAGNOSIS OF DOLICHOCOLON

A redundant colon should be suspected in patients with
constipation, abdominal pain, distension and seldom
defecation, especially when symptoms have been
present from childhood. However, these symptoms
may also come from pure functional colonic disorders,
which is why many patients with dolichocolon have not
received a diagnosis. A colon transit study and a barium
enema or CT-colonography is needed to confirm the
diagnosis. This is essential in guiding therapy.

TREATMENT OF CONSTIPATION

From the very beginning, chronic constipation was
suggested to be treated with enemas, mineral oil, other
laxatives, abdominal massage, a supporting corset,
and eventually sedatives™'*'!!, Murray™*” focused on
diet and advocated cereals containing husk, as well as
the use of salads, raw fruits and vegetables, that grow
above the ground. Large quantities of water must be
taken, and moderate use of weak tea and coffee is
allowed, but no alcoholic beverages. The colonic content
was lubricated with oil and a tincture of belladonna
given three times a day to increase the intestinal tone.
In addition, abdominal electrotherapy was used over
the abdomen, just as an afternoon siesta took place
since the patients tire very easily. Short walks were
advised as exercise. A mild sedative was eventually
added™*. The intervention was discontinued, when the
function of the colon was restored, except the retention
enema with oil and high residue diet may be more or
less a permanent part of the regimen. The majority
of patients with a redundant colon who are given this
treatment will then return to a state of approximate
well-being. In the subsequent years, most authors
agreed with these principlest®*****!1, A gap of interest in
redundant colon then followed for nearly half a century.
In general, redundancy of the colon was regarded as an
unimportant observation.
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Redundant colon is not mentioned in a European
Perspective of Diagnosis and Treatment of Chronic
Constipation“ or in the current American Gastroenterological
Association Medical Position Statement on Constipation*”.
This is a surprise, considering existing knowledge. Patients
with constipation disorders and a redundant colon have
had improvements in their quality of life by a fiber-rich
diet supplemented with husk, sufficient water intake, a
prokinetic drug, and physical activity™. Apart from the
prokinetic drug, current treatment resembles the regimen
of a hundred years ago.

SURGERY FOR DOLICHOCOLON

Immediate surgery was advocated when a sigmoid
loop is twisted (volvulus)!*?*?*?** In this context,
it is notable that sigmoid volvulus accounts for a
disproportionally high number of cases of intestinal
obstruction in developing countries such as Africa
(20%-45%) compared to developed countries
(1%-7%). In addition, sigmoid volvulus occurs in
much younger patients™**. Today, it will first be tried
to straighten out the twisted loop by an endoscopic
maneuver. If this fails, acute surgery is necessary.

Most authors advise against surgery for
dolichocolon***%2*32411 | anel*! jntroduced colectomy
for chronic constipation with a death rate of 20.5%,
but without giving any information with regard to colon
anatomy among 39 patients. Subtotal colectomy for
a redundant colon was mentioned as a possibility in
1914™1, However, resection of colonic segments was
performed with satisfactory results in five cases™!
and without improvement in three cases'™?. In
1960, Davis*® presented the results of 14 children
operated on for symptomatic dolichocolon resistant
to conservative treatment. No failures occurred, and
the results were excellent in eight patients, good in
three, and fair in three. Hollender'®™ reported good
functional results after various colonic resections in 11
patients with dolichocolon. In other studies of patients
who underwent subtotal colectomy for slow transit
constipation, the majority of colon specimens were
significantly redundant®>~>7.,

In 15 patients, the cause of constipation was
slow colonic transit, which was associated with
dolichocolon™. After hemicolectomy or colectomy, the
patients received daily evacuations and experienced less
pain. Recently 31 patients with slow transit constipation
and a dolichocolon underwent colectomy®™®. At follow-
up, most patients reported daily defecation and no
uncontrolled diarrhea. Abdominal pain was very seldom
and patient satisfaction high.

FUTURE PERSPECTIVES

The prevalence of dolichocolon is not known, because
population based investigations have not been made.
However, in projects with colonoscopic screening for
cancer it may be possible to estimate the number and
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localization of colonic redundancies. Colorectal length
may be determined by magnetic resonance imaging
or by tracking the progression of an electromagnetic
capsule™ It will hopefully then be possible to determine
the prevalence of dolichocolon and a causal relationship
to constipation and volvulus.

CONCLUSION

Dolichocolon is an anatomic variant with redundancies
of the colonic segments and flexures. The diagnosis
is established by barium enema or CT-colonography.
Accumulating data from 200 years shows dolichocolon
is congenital and causes constipation. Treatment is
conservative, and only patients refractive to this therapy
may undergo a subtotal colectomy. A redundant loop
may cause volvulus, requiring an endoscopic maneuver
or surgery. Future research has to show the prevalence
of dolichocolon in a population and to determine
whether it always gives rise to constipation.
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Abstract

AIM
To investigate the efficacy and safety of transcutaneous
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electroacupuncture (TEA) to alleviate postoperative
ileus (POI) after gastrectomy.

METHODS

From April 2014 to February 2017, 63 gastric cancer
patients were recruited from the Second Affiliated
Hospital of Zhejiang University School of Medicine,
Hangzhou, China. After gastrectomy, the patients were
randomly allocated to the TEA (n = 33) or control (7 =
30) group. The patients in the TEA group received 1 h
TEA on Neiguan (ST36) and Zusanli (PC6) twice daily in
the morning and afternoon until they passed flatus. The
main outcomes were hours to the first flatus or bowel
movement, time to nasogastric tube removal, time
to liquid and semi-liquid diet, and hospital stay. The
secondary outcomes included postoperative symptom
assessment and complications.

RESULTS

Time to first flatus in the TEA group was significantly
shorter than in the control group (73.19 + 15.61
vs 82.82 + 20.25 h, P = 0.038), especially for open
gastrectomy (76.53 + 14.29 vs 87.23 + 20.75 h, P =
0.048). Bowel sounds on day 2 in the TEA group were
significantly greater than in the control group (2.30
+ 2.61/min vs 1.05 * 1.26/min, 2 = 0.017). Time to
nasogastric tube removal in the TEA group was earlier
than in the control group (4.22 £ 1.01 vs 4.97 £ 1.67
d, P = 0.049), as well as the time to liquid diet (5.0 £
1.34 v5 5.83 £ 2.10 d, £ = 0.039). Hospital stay in the
TEA group was significantly shorter than in the control
group (8.06 = 1.75 vs 9.40 £ 3.09 d, P = 0.041).
No significant differences in postoperative symptom
assessment and complications were found between the
groups. There were no severe adverse events related
to TEA.

CONCLUSION
TEA accelerated bowel movements and alleviated POI
after open gastrectomy and shortened hospital stay.

Key words: Transcutaneous electroacupuncture;
Gastrectomy; Postoperative ileus

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

Core tip: Transcutaneous electroacupuncture (TEA) is
a non-invasive and portable device. We applied TEA on
postoperative gastric cancer patients to promote the
bowel motility recovery. As far as we are concerned,
it was the first attempt to investigate the efficacy and
safety of TEA to alleviate postoperative ileus after
gastrectomy.

Chen KB, Lu YQ, Chen JD, Shi DK, Huang ZH, Zheng YX, Jin
XL, Wang ZF, Zhang WD, Huang Y, Wu ZW, Zhang GP, Zhang H,
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INTRODUCTION

Gastric cancer is one of the most common malignancy
burdens in China, especially in economically less
developed regions. The standard surgery is total or
subtotal gastrectomy with D2 lymph node dissection
for gastric cancer with radical-cure intention. However,
postoperative ileus (POI) is not rare and causes
symptoms such as abdominal pain, distention, nausea
and vomiting due to the accumulation of gas and
secretions!'. This probably affects patient recovery,
prolongs hospital stay, and increases cost. The treatment
for POI includes fasting, nasogastric depression,
maintenance of fluid and electrolyte balance, parenteral
nutrition, and exercise™. There is no dlinical evidence for
the use of prokinetic agents in POI and they may have
severe adverse effects™.

Modern electroacupuncture (EA) was developed from
traditional Chinese medicine, which has been shown to
accelerate gastric emptying and colonic motility™>. A
clinical study showed that electroacupuncture reduced the
duration of POI after laparoscopic surgery for colorectal
cancer’®. A study in dogs indicated that transcutaneous EA
(TEA) on Neiguan (ST36) is as effective as EA in improving
rectal distention-induced intestinal dysmotility””. It is non-
invasive and more portable.

Therefore, we applied the novel technique of TEA
in gastric cancer patients to promote postoperative
recovery of bowel motility. To the best of our knowledge,
this was the first attempt to investigate the efficacy and
safety of TEA to alleviate POI after gastrectomy.

MATERIALS AND METHODS

Patients

From April 2014 to February 2017, 63 patients were
recruited from the Second Affiliated Hospital of Zhejiang
University School of Medicine, Hangzhou, China. All the
patients underwent total or partial gastrectomy. Inclusion
criteria were as follows: (1) Gastric cancer patients
without distal metastases; (2) age 18-85 years; (3) no
severe history of cardiovascular, hepatic, hematological
and renal diseases; (4) Eastern Cooperative Oncology
Group (ECOG) performance status score < 2; and
(5) written informed consent was obtained before
the study. Exclusion criteria were as follows: (1) Bile
leakage or acute peritonitis; (2) cardiac pacemaker; (3)
medication, such as metoclopramide, that affects bowel
function; (4) history of chronic constipation; (5) history
of abdominal surgery; (6) palliative gastrectomy; and (7)
postoperative enema.

Procedures and TEA
This study was designed collaboratively by doctors from
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69 participants met inclusion
criteria and signed consents

63 randomized

6 declined to participate
1 atrial fibrillation
1 wrist bruise
1 severe pneumonia
3 withdrew

33 allocated to TEA

30 allocated to control

\

l

l

Main outcomes: Hours to first flatus, bowel movements, time to remove nasogastric tube, time to liquid

diet and semi-liquid diet and hospital stay

Secondary outcomes: Postoperative symptom assessment and complications

Figure 1 Flow chart of study participants. TEA: Transcutaneous electroacupuncture.

Figure 2 Transcutaneous electroacupuncture sites used in this study. A: Neiguan (ST36): Two electrodes were oppositely attached on the skin
approximately 4.5 cm below the wrist wrinkle; B: Zusanli (PC8): Two electrodes were oppositely attached on the skin 10 cm below the lateral patella pit.

the Second Affiliated Hospital of Zhejiang University
and Division of Gastroenterology and Hepatology,
Department of Medicine, Johns Hopkins University,
United States. TEA was developed by Professor Jian-De
Chen in the Clinical Gastrointestinal Motility Laboratory,
Johns Hopkins University School of Medicine, and gained
safety certification in Zhejiang Province. The doctors
who participated in the study were all trained in the TEA
technique in Pace Translational Medical Research Center,
Ningbo, China.

Sixty-nine patients were initially recruited but six
declined to participate because of atrial fibrillation (n =
1), wrist bruise (n = 1), severe pneumonia (n = 1) and
withdrawal without any reasons (n = 3). The remaining
63 patients were randomly allocated by computer
algorithm to the TEA (n = 33) or control (n = 30) group
(Figure 1). The TEA group started treatment on on day 1
after surgery, until passing flatus or on day 5. They had

WIJGS | www.wjgnet.com
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1 h TEA on ST36 and Zusanli (PC6) twice daily in the
morning (09:00-10:00) and afternoon (14:00-15:00).
The EA sites of ST36 and PC6 were consistent with
other studies (Figure 2). The parameters for ST36 were
2 son, 3 s off, 25 Hz, 0.5 ms, 2-6 mA; while for PC6 it
was 0.1 s on, 0.4 s off, 100 Hz, 0.25 ms, 2-6 mA. The
electric current was gradually increased just below the
patient’s pain threshold, and could be minimally adjusted
during the procedure. The patients were allowed to sit
even walk during the treatment as long as the TEA was
continuously functioning well. The control group received
no treatment and without any TEA being binded. The
main outcomes were hours to the first flatus or bowel
movement, time to nasogastric tube removal, time to
liquid and semi-liquid diet, and hospital stay. And the
secondary outcomes included postoperative symptom
assessment based on each patient’s subjective scale
(0-10, including pain, tiredness, nausea, shortness of
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Table 1 Baseline patient characteristic

TEA (7 = 33) Control (7 = 30) P value

Age (yr) 63.0£9.70 59.0 +8.30 0.103
Sex (M/F) 22/11 24/6 0.183
Chronic gastritis 8/25 9/21 0.409
Diabetes 1/32 0/30 0.524
Hypertension 10/23 9/21 0.599
BMI 22.32+3.23 21.85+3.21 0.561
ECOG score (1/2) 27/6 24/6 0.553
Preoperative activity level 1.18 +£0.392 1.17 £ 0.46 0.888
Preoperative albumin (g/L) 40.70 +3.38 40.08 £5.09 0.564
Preoperative chemotherapy (Y/N) 2/31 2/28 0.657
Surgery (Open/laparoscopic) 10/23 7/23 0.369
Surgery (Billroth-I/II/Rou-en-Y) 10/11/12 11/13/6 >0.05
Surgery time (min) 210.79 + 53.40 213.36 + 69.12 0.868
pT staging (T0/1/2/3/4) 1/7/14/8/3 0/8/7/10/5 -

pN staging (NO/1/2/3a/3b) 1/7/14/8/3 11/5/4/10/0 -

Nasal enteral nutrition (Y/N) 11/22 9/21 0.496
PCIA/PCEA 32/1 29/1 0.833

TEA: Transcutaneous electroacupuncture; BMI: Body mass index.

breath, and wellbeing according to Edmonton Symptom
Assessment System), and postoperative complications
and hospital stay. Prolonged POI was defined as not
passing flatus at > 5 d after surgery.

Statistical analysis

Statistical analysis was performed using SPSS version
24.0, using Student’s t test and x* test, and variables
were expressed as mean £ SD. P < 0.05 was
considered as statistically significant.

RESULTS

A total of 63 patients (46 male, 17 female, age range:
37-75 years) were recruited and randomized to the
TEA group (n = 33) and control group (n = 30). In the
TEA group, 23 patients underwent open gastrectomy
and 10 underwent laparoscopic gastrectomy. In the
control group, 23 patients underwent open gastrectomy
and 7 patients underwent laparoscopic gastrectomy.
The baseline characteristics did not differ significantly
between the groups (Table 1). The operating time in
the TEA group was 210.79 £ 53.40 min compared with
213.36 £ 69.12 min in the control group (P = 0.868).
Time to first flatus in the TEA group was significantly
shorter than in the control group (73.19 £ 15.61
vs 82.82 £ 20.25 h, P = 0.038), especially for open
gastrectomy (76.53 + 14.29 vs 87.23 £ 20.75 h, P =
0.048). Bowel sounds on day 2 in the TEA group were
significantly greater than in the control group (2.30 +
2.61/min vs 1.05 £ 1.26/min, P = 0.017). For open
gastrectomy, bowel sounds on day 2 and day 3 in the
TEA group were significantly greater than in the control
group (P = 0.006, 0.028, respectively) (Table 2). Time
to nasogastric tube removal was earlier in the TEA than
control group (4.22 £ 1.01 vs 4.97 £ 1.67 d, P = 0.049).
Time to starting liquid diet was shorter in the TEA than
control group (5.00 £ 1.34 vs 5.83 £ 2.10d, P = 0.039).
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Hospital stay was significantly shorter in the TEA than
in the control group (8.06 £ 1.75 vs 9.40 £+ 3.09 d,
P = 0.041) (Table 2). Then, we excluded patients with
complications of pneumonia, chyle leakage and pancreatic
leakage, the hospital stay in the TEA group was still
significantly shorter compared to the control group (7.73
+1.14 vs 8.59 + 1.67 d, P = 0.026) (Table 2).

There was no significant difference in symptoms
between the two groups including pain, tiredness,
nausea, shortness of breath and wellbeing (Table 3).

There was no significant difference in postoperative
complications between the two groups (P = 0.270)
(Table 4). There was no prolonged ileus in TEA group,
while there were three such cases in the control group.
An adverse event of bruising on the wrist due to TEA
was reported and the patient withdrew from the study.
However, there was no severe adverse event.

DISCUSSION

In this prospective and randomized clinical study, we
confirmed the role of TEA in the treatment of post-
gastrectomy bowel motility recovery for the first time.
TEA in gastric cancer patients significantly increased
postoperative bowel movement; shortened time to first
flatus, nasogastric tube removal, liquid diet and hospital
stay, and it was safe.

POI is caused by impaired motility of the whole
gastrointestinal tract due to abdominal or extra-abdominal
surgery, which is the main reason for symptoms of discomfort
and prolonged hospital stay. POI costs $1.5 billion annually
in the United States™'. Pathophysiologically, it is explained
by release of inhibitory neural reflexes and inflammatory
mediators from the site of injury™. However, the
complex pathogenesis remains incompletely understood.
Treatment for POI includes fasting, nasogastric depression,
maintenance of fluid and electrolyte balance, and
ambulation. Recent evidence supports that early oral or
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Table 2 Main outcomes

TEA (n = 33) Control (7 = 30) P value
Time to first flatus (h)
Total 73.19 £15.61 82.82 +£20.25 0.038"
Open 76.53 £ 14.29 87.23 £20.75 0.048°
Laparoscopic 65.52 +16.53 68.31 +9.08 0.692
Bowel sound on day 1 (/min) 0.96 +1.80 0.63 £1.63 0.461
Bowel sound on day 2 (/min) 2.30 £2.61 1.05£1.26 0.017°
Bowel sound on day 3 (/min) 430+3.11 2.85+2.19 0.068
Bowel sound on day 1 (open) (/min) 0.70 £1.29 0.70 £1.83 1.000
Bowel sound on day 2 (open) (/min) 2.52 +£2.56 0.80 £1.0 0.006"
Bowel sound on day 3 (open) (/min) 4.74 +3.10 2.77 £2.23 0.028"
Walk independently (h) 27.10+15.24 36.73 +25.91 0.074
Walking duration per day (min) 10.36 + 6.65 9.13 £6.16 0.452
Remove nasogastric tube (POD) 422+1.01 497 £1.67 0.049°
Liquid diet (POD) 5.00 +1.34 5.83+2.10 0.039"
Semiliquid diet (POD) 6.68 +1.78 7.60 233 0.087
Hospital stay (POD) 8.06 +1.75 9.40 £ 3.09 0.041°
Modified liquid diet (POD) 4.73 +0.94 (30) 5.30 +£1.23 (27) 0.057
Modified semiliquid diet (POD) 6.30 +1.12 (30) 7.11 +1.74 (27) 0.039°
Modified hospital stay (POD) 7.73 £1.14 (30) 8.59 +1.67 (27) 0.026"

°P: Significant difference. TEA: Transcutaneous electroacupuncture; POD: Postoperative day.

Table 3 Secondary outcomes according to Edmonton Symptom Assessment System

TEA (n = 33) Control (7 = 30) P value
Pain on day 1 3.79+1.35 3.38+1.50 0.266
Pain on day 2 2.79+1.10 2.55+1.08 0.391
Pain on day 3 2.39+1.20 214 +0.90 0.416
Tiredness on day 1 529+213 542221 0.815
Tiredness on day 2 417 £2.01 4.53 £1.96 0.467
Tiredness on day 3 3.41+2.58 433+1.77 0.162
Nausea on day 1 0.88+1.77 0.55+0.90 0.352
Nausea on day 2 0.49 +1.50 0.38 +£0.72 0.730
Nausea on day 3 043 +1.72 0.32+0.61 0.764
SOB on day 1 0.73 £1.66 0.30+0.97 0.213
SOB on day 2 0.52 +1.60 0.35+1.33 0.657
SOB on day 3 0.55+1.74 0.19+0.96 0.391
Wellbeing on day 1 5.97 +1.54 5.68+1.75 0.494
Wellbeing on day 2 6.88+1.24 6.62+1.57 0.469
Wellbeing on day 3 7.41+1.69 6.83 +1.64 0.225

TEA: Transcutaneous electroacupuncture; SOB: Shortness of breath.

parenteral nutrition could be an option?, but for gastric
cancer patients, oral nutrition may increase anastomotic
leakage rate in the early stage, and parenteral nutrition
cannot be tolerated postoperatively. The use of prokinetic
agents for treatment of POI is still controversial™. In short,
there is currently no effective way to accelerate bowel
motility recovery.

Acupuncture has been widely used for treatment of
gastrointestinal diseases for thousands of years in China,
and several studies have demonstrated that it helps
gastric and colon cancer patients recover from POI®'?,
A modern method of EA, which is modified from the
traditional acupuncture, also controls postoperative pain
and improves gastrointestinal motility after surgery. A
randomized controlled trial indicated that EA reduced
duration of POI after laparoscopic surgery for colorectal
cancer®, Animal experiments found that EA at ST36
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accelerated colonic motility and transit in freely moving
rats"", and improved restraint-stress-induced delay of
gastric emptying via central glutamatergic pathways in
conscious rats™?, Jun-fan Fang et al™® revealed that
EA affected the patients by activating the vagus nerve
instead of regulating local inflammation. EA also has a
therapeutic effect on diabetic gastroparesist**.,

TEA is a new method of electrical stimulation via
cutaneous electrodes placed at acupoints without needles.
It is a non-invasive method that can be easily accepted
by patients and even self-administrated at home.
Chen et al**>*®! has proved that electroacupuncture
improves impaired gastric, small intestinal™” and
colonict™® motility, ameliorates gastric dysrhythmia™®,
and accelerates gastric emptying®®?®, and it is used
to treat gastroesophageal reflux, functional dyspepsia
and irritable bowel syndrome!®, TEA is effective in
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Table 4 Postoperative complications

TEA Control P value
(n = 33) (n = 30)
Prolonged postoperative ileus 0 3 0.102
Wound infection 1 1 0.730
Pneumonia 1 1 0.730
Chyle leakage 2 1 0.182
Ventricular premature beat 1 0 0.524
Liver impairment 1 0 0.524
Pancreatic leakage 0 1 0.476
Total 6 7 0.270

TEA: Transcutaneous electroacupuncture.

treatment of functional dyspepsia® and chemotherapy-
induced nausea and vomiting®. Experiments in dogs
have shown that EA and TEA at ST36 both improve
the rectal distention-induced impairment of intestinal
contraction, transit and slow waves mediated via the
vagal mechanism', and needleless TEA is as effective as
EA in ameliorating intestinal hypomotility”. Huang et af**
investigated the effects of TEA on healthy volunteers, and
found that TEA improved impaired gastric accommodation
and slow waves induced by cold drinks.

Acupuncture seems promising for treating POI
after gastrectomy®?*! and control of emesis during
chemotherapy™. To the best of our knowledge, this was
the first attempt to investigate the effectiveness of TEA
to alleviate POI after gastrectomy. We found that TEA
shortened the time to first flatus, along with more bowel
sounds on days 2 and 3 in subgroup analysis of patients
with open gastrectomy. There may be an approximate
correlation between quantity or quality of bowel sounds
and bowel function, but it has not been established as a
definitive association. Some studies have inserted a Sitz
marker capsule into the distal anastomosis to evaluate
bowel movements®?!, As we noted, bowel sounds
became more frequent and louder during the recovery
period and increased to more than 2-4/min on days
2 and 3, which could be a good predication of normal
bowel function transition.

In contrast, postoperative pain results in stress
and affects the mobilization of patients after surgery.
Early mobility or activity is recognized as a critical step
in enhanced recovery after surgery (ERAS)?. The
anesthetists would like to perform patient-controlled
epidural analgesia (PCEA) or patient-controlled intravenous
analgesia (PCIA) after surgery in our center, and we
routinely give patients analgesics to relieve abdominal
pain. As a consequence, the postoperative pain score
was < 4 on day 1, and there was no significant difference
between the two groups; it gradually decreased to <
3 on days 2 and 3. Several studies have proved that
acupuncture or EA reduces pain in patients undergoing
thoracid®, abdominal®, inguinal hernia surgery'®, breast
cancer™, or kidney™" surgery. The postoperative patients
in our study had less pain because of PCEA or PCIA, most
of the patients tolerated pain well, they could even sit up
and stand on the moming of day 1 after operation, thus
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the pain-control availability of TEA was not validated.

Epidural anesthesia might diminish the positive effects
of acupuncture by blocking the afferent and efferent
neural pathways®”. Administration of local anesthetic
through a thoracic epidural catheter may decrease
POI by reducing sympathetic neural input!'!. Based on
these reasons, Simon et al'® excluded patients who
received epidural anesthesia or analgesia, and revealed
that EA significantly reduced the duration of POI and
postoperative analgesic requirement after laparoscopic
surgery for colorectal cancer. Several laboratory and
clinical studies have also proved that parasympathetic
nerve activity was involved in the process of EA or TEA.
Nevertheless, as mentioned before, PCEA or PCIA was
routinely used in our center for pain control, which might
have affected the outcomes, although there was no
significant difference between the two groups.

This study had several limitations. First, the number
of patients may have been inadequate to make the
results convincing. Second, we did not apply ERAS to the
postoperative recovery, which had been proved effective
to reduce POI®”. Third, the mechanisms underlying
perioperative gastrointestinal waves or vagal tone
associated with TEA should be confirmed in the future.
Fourth, it was not a double-blind research, thus we could
not exclude the placebo effect.

In conclusion, TEA accelerated bowel movements
and alleviated POI and decreased hospital stay after
open gastrectomy. It is a safe and convenient treatment
for recovery from POL.

ARTICLE HIGHLIGHTS

Research background

Postoperative ileus (POI) after gastrectomy is not rare
and causes various symptoms, which probably affects
patient recovery, prolongs hospital stay, and increases
cost. However, there is no effective way to alleviate POI
until now.

Research motivation

Transcutaneous electroacupuncture (TEA) is a new-
developed, non-invasive and portable device. It has
been validated to improve intestinal dysmotility in dog
experiment. But it remains unknown whether it is useful
to alleviate POI for post-gastrectomy patients clinically.

Research objectives
The aim of this article was investigating the efficacy and
safety of TEA to alleviate POI after gastrectomy.

Research methods

From April 2014 to February 2017, 63 gastric cancer
patients were recruited from the Second Affiliated
Hospital of Zhejiang University School of Medicine,
Hangzhou, China. After gastrectomy, the patients were
randomly allocated to the TEA (n = 33) or control (n =
30) group. The patients in the TEA group received 1 h
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TEA on Neiguan (ST36) and Zusanli (PC6) twice daily in
the morning and afternoon until they passed flatus. The
main outcomes were hours to the first flatus or bowel
movement, time to nasogastric tube removal, time
to liquid and semi-liquid diet, and hospital stay. The
secondary outcomes included postoperative symptom
assessment and complications.

Research results

Time to first flatus in the TEA group was significantly
shorter than in the control group (73.19 + 15.61
vs 82.82 £ 20.25 h, P = 0.038), especially for open
gastrectomy (76.53 + 14.29 vs 87.23 £ 20.75 h, P =
0.048). Bowel sounds on day 2 in the TEA group were
significantly greater than in the control group (2.30
£ 2.61/min vs 1.05 £ 1.26/min, P = 0.017). Time to
nasogastric tube removal in the TEA group was earlier
than in the control group (4.22 £ 1.01 vs 4.97 £ 1.67 d,
P = 0.049), as well as the time to liquid diet (5.0 + 1.34
vs 5.83 £ 2.10 d, P = 0.039). Hospital stay in the TEA
group was significantly shorter than in the control group
(8.06 £ 1.75 vs 9.40 = 3.09 d, P = 0.041). No significant
differences in postoperative symptom assessment and
complications were found between the groups. There
were no severe adverse events related to TEA.

Research conclusions

In this prospective and randomized clinical study, we
confirmed the role of TEA in the treatment of post-
gastrectomy bowel motility recovery for the first time.
TEA in gastric cancer patients significantly increased
postoperative bowel movement; shortened time to first
flatus, nasogastric tube removal, liquid diet and hospital
stay, and it was safe.

Research perspectives

The authors proved that TEA was effective and safe to
recovery post-gastrectomy patients from POI. So it will
probably provide clinical surgeons with a novel non-
invasive device to accelerate bowel function recovery
and reduce hospital stay, which satisfies the concept of
enhanced recovery after surgery (ERAS). Besides, TEA
could be considered to be applied on other abdominal
surgeries as well.
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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 in @ major than 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
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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
About 47 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
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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.

was 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 was 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
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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

February 27, 2018 | Volume 10 | Issue 2 |



Eriksson S et a/. Perioperative liver and spleen elastography

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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