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Abstract
The effect of a prior defect on secondary liver atrophy is unknown. We describe a case of sigmoid volvulus that was facili-
tated by progressive atrophy in a deformed liver. A 75-year-old man with abdominal pain and fullness was referred to our 
hospital. Computed tomography (CT) revealed reduced left hepatic lobe volume and a whirl sign, characteristic of sigmoid 
volvulus. The sigmoid volvulus was successfully detorted with endoscopy. Retrospective evaluation of liver morphology on 
CT and magnetic resonance imaging showed that the portal vein at the liver hilum was denuded due to a parenchymal defect 
of the medial segment, with compression by the crossing artery. As pulse Doppler ultrasonography demonstrated reduced 
portal blood flow in the region where liver atrophy developed, compression of the denuded portal vein presumably facilitated 
secondary atrophy and contributed to sigmoid volvulus. The present case shows that a deformed liver itself can be a cause 
of secondary atrophy. Therefore, continued monitoring of liver morphology and evaluation of portal blood flow to predict 
liver atrophy may be required, when an individual with a partial liver defect is encountered.

Keywords  Partial liver defect · Secondary liver atrophy · Denuded portal vein and bile duct · Portal blood flow corrected 
by perfused liver volume · Sigmoid volvulus

Introduction

Lobular or segmental liver defects are extremely rare 
[1–9]. Since these are mostly asymptomatic, with normal 
liver function parameters [1–3, 6], partial defects are usu-
ally revealed incidentally during imaging or surgery or at 
autopsy [5, 8, 9], and rarely in association with complica-
tions [1, 4]. Although the features of hepatic defects at the 
time of diagnosis have been well described in the previous 
reports [1–10], sequential observation of liver deformities 
have apparently never been attempted. Herein, we describe 
a case of progressive atrophy that originated in a large 

parenchymal defect of the left medial segment (MS) of the 
liver, leading to a sigmoid volvulus. A possible pathogenic 
linkage between antecedent liver deformity and subsequent 
liver atrophy is also discussed.

Case report

A 75-year-old Japanese man was referred to our hospital 
with a 2-day history of left lower abdominal pain and upper 
abdominal distention. The patient had a past medical history 
of cerebral infarction with left incomplete hemiplegia at the 
age of 53, epididymitis, endoscopic submucosal dissection 
for the early stage gastric cancer, laparoscopic cholecystec-
tomy for acute calculous cholecystitis at the age of 68 in 
2010, total hip arthroplasty for coxarthrosis at the age of 69, 
and endoscopic choledocholithotomy for acute cholangitis at 
the age of 72 in 2013. The patient did not consume alcohol 
or smoke.

At presentation, the patient’s general condition was 
good, with stable vital signs: body temperature 36.8 °C, 
blood pressure 141/88 mmHg, pulse rate 88 beats/min, and 
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peripheral arterial oxygen saturation 96%. Other than mild 
left hemiplegia, examination revealed asymmetrical upper 
abdominal bulging with severe distension, and tenderness 
in the left lower abdomen. Plain abdominal radiography 
revealed a semi-looped and disproportionately enlarged 
sigmoid colon (Fig. 1). Plain chest radiography revealed 
large intestinal gas shadows beneath the bilateral diaphragm. 
On the right, interposition of gas shadows between the 
diaphragm and liver represented Chilaiditi’s sign [11, 12] 
(Fig. 2). Computed tomography (CT) with contrast revealed 
a soft-tissue mass with swirling of the intestinal wall, ves-
sels, and mesenteric adipose tissue, i.e., a whirl sign charac-
teristic of intestinal volvulus [13] (Fig. 3a arrow), consistent 
with the location of tenderness. The mesenteric artery in the 
soft-tissue mass was clearly enhanced by contrast medium, 
but edematous colonic wall thickening and ascites were not 
evident (Fig. 3a). CT concomitantly revealed a defect of the 
left lobe of the liver. The grossly dilated large intestine was 
interposed between the liver and diaphragm or abdominal 
wall (Fig. 3b). The peripheral blood cell count and inflam-
matory markers showed no abnormalities. Liver function 
test results were almost normal (reference ranges in paren-
theses): alanine aminotransferase, 18 IU/L (13–33 IU/L); 
aspartate aminotransferase, 7 IU/L (8–42 IU/L); alkaline 
phosphatase, 312 IU/L (115–359 IU/L); gamma-glutamyl 
transpeptidase, 19  IU/L (10–47  IU/L); total bilirubin, 

1.3  mg/dL (0.4–1.2  mg/dL); serum albumin, 3.9  g/dL 
(4.0–5.0 g/dL); and prothrombin time, 72.2% (70–130%). 
Viral markers were negative for hepatitis B surface antigen 
and hepatitis C virus antibody. Negative results for serum 
Mac-2-binding protein glycosylation isomer and normal 
shear wave velocity of 1.3 m/s suggested that hepatic fibrosis 
associated with chronic liver disease was unlikely.

The patient was considered to have a sigmoid volvulus 
with reduced mesenteric blood flow based on the enhanced 
CT findings and physical examination, and emergent endo-
scopic detorsion was attempted. Emergent endoscopy 
showed that the colonic mucosa was intact, and the intes-
tinal lumen showed spiral obstruction at 23 cm from the 
anal verge. The sigmoid volvulus was successfully detorted 
with endoscopy and the abdominal symptoms subsided 
dramatically. The patient underwent prophylactic selective 
sigmoidectomy 1 month later because of the expected high 
risk of recurrence of volvulus due to a long loop of redun-
dant sigmoid colon and the large parenchymal liver defect. 
The smooth surface and sharp liver edge observed during 
surgery appeared normal (Fig. 4). The postoperative course 
was uneventful.

We retrospectively reevaluated the deformity of the left 
hepatic lobe based on previous CT and magnetic resonance 
imaging (MRI). When the patient underwent laparoscopic 

Fig. 1   Plain abdominal X-ray showed a sigmoid colon that was 
grossly dilated by air and semi-looped

Fig. 2   Plain chest X-ray showed an elevated right hemidiaphragm. 
Looped colonic gas shadows were found bilaterally beneath the dia-
phragm. Hepatodiaphragmatic interposition of the large intestine rep-
resents Chilaiditi’s sign
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cholecystectomy in 2010, a marked defect of the MS was 
evident (Fig. 5a, b). The bilateral hepatic lobes were only 
connected through a narrow isthmus, which predominantly 
consisted of the caudate lobe and included the liver hilum. 
The portal vein, hepatic artery, and bile duct were entirely 
denuded along the isthmus (Fig. 5b), and the inflamed gall-
bladder was located adjacent to these structures (Fig. 5a, b). 
Between 2010 and 2018, sequential CT or MRI apparently 
showed the atrophy of the lateral segment (LS) of the liver 
(Fig. 5a–e). Analysis using the Ziostation 2 PLUS software 
(Ziosoft Co. Ltd., Tokyo) demonstrated marked volume 
reduction in the left lobe, predominantly consisting of the 
LS and caudate lobe, from 323 to 155 cm3 (48.0%) over a 
period of 7 years, although atrophy of the right lobe was also 
apparent (Table 1). However, despite the large parenchymal 
defect of the MS, branches of the bile duct, hepatic artery, 
and portal vein were identifiable on magnetic resonance 
cholangiography (Fig. 6) or CT angiography (Fig. 7). Of 
note, the left portal vein branch appeared to be compressed 
backward by the crossing left hepatic artery, causing the 
LS portal branches to become tapered (Fig. 7). The portal 

blood flow volume per unit of perfused liver volume, esti-
mated with pulse Doppler ultrasonography in 2018 (Fig. 8), 
was actually much decreased in the left portal vein at the 
umbilical portion compared to that in the right portal vein, 
measuring 0.35 and 0.90 mL/min/cm3 of liver, respectively 
(Table 2). The patient remains carefully monitored for pro-
gression of liver atrophy.

Discussion

As Merrill reported only 1 case (0.005%) out of 19,000 
autopsy cases [8], congenital partial defects of the liver 
have been considered rare [1–7, 9]. Unless a hepatic defect 
affects surrounding organs, the condition may remain mostly 
asymptomatic, with normal liver function test results [1–3, 
6, 7]. A partial liver defect is noted incidentally during sur-
gery or autopsy [5, 9] or in association with complications 
such as cholelithiasis [4], hepatic neoplasia [1], Chilaiditi’s 
syndrome [2, 11], gastric ulcer [1, 4], or volvulus of the 
stomach [4] or sigmoid colon [1] as in the present case.

Hepatic defects are either congenital or acquired [1, 2, 4, 
6, 9]. Ormeci et al. emphasized the need for differentiation 
between agenesis (absence of a lobe, with replacement by 
fibrous tissue), aplasia (development of a small lobe, with 
abnormal hepatic trabeculae, bile ducts, and blood vessels), 
and hypoplasia (development of a small lobe with normal 
tissue structures), based on the intrahepatic structure of the 
biliary system and vessels [3]. The presumed mechanisms 
of these congenital hepatic anomalies include dysgenesis of 
the hepatic primordium during the early specific embryonic 
stage [2, 4, 5], umbilical vein anomalies [1, 5, 6], imma-
ture development of the portal vein with thrombotic occlu-
sion [1, 5, 9], impairment of the nutritional supply via the 
hepatic cord [5], and minor positional anomalies of the other 
organs that interfere with growth of the hepatic parenchyma 

Fig. 3   Computed tomography (CT) with contrast medium. The slice 
at the location of abdominal tenderness showed a soft-tissue mass 
consisting of swirling intestinal wall, vessels, and mesenteric adi-
pose tissue, i.e., whirl sign (a: arrow), which was highly suggestive 
of intestinal volvulus. The mesenteric artery is clearly enhanced by 

contrast medium in the soft-tissue mass. Neither edematous intestinal 
wall thickening nor ascites were evident around the soft-tissue mass 
(a). CT concomitantly disclosed gross volume reduction of the left 
hepatic lobe and hepatodiaphragmatic interposition of the large intes-
tine dilated with air (b)

Fig. 4   Appearance of the liver during sigmoidectomy. The liver sur-
face and edge appeared normal
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[5]. On the other hand, liver atrophy is usually defined as 
an acquired tissue volume loss of at least 50% [10] and is 
caused by secondary vascular and biliary flow disturbances, 
neoplasms, cirrhosis, severe malnutrition, or prior surgery or 
trauma, among others [1–4, 9, 14]; of these, cholangiocar-
cinoma arising at the liver hilum and post-cholecystectomy 
stricture are the most common causes reported [2, 10].

In the present case, the MS was present but very small, 
because branches of the hepatic artery, portal vein, and bile 
duct corresponding to the MS could be definitely identified 
on either CT angiography (Fig. 7) or MR cholangiography 
(Fig. 6). No apparent cause of MS atrophy was identified. 
Although differentiation between congenital hypoplasia and 
atrophy of the liver is critical but often difficult [1, 4, 6, 9], 
an antecedent parenchymal MS defect in this case was more 
likely due to hypoplasia than atrophy, similar to a docu-
mented case of hepatic hypoplasia in which the main vessels 
were present despite the complete absence of parenchyma 
[5]. On the other hand, sequential LS observation on CT and 
MRI (Fig. 5a–e) documented the progressive parenchymal 
volume reduction of more than 50%, i.e., secondary atro-
phy. Although features of partial liver defects at the time 
of diagnosis have been well documented [1–10], we have 
shown that secondary atrophy occurs in a liver with partial 
parenchymal defects.

In the present case, we speculate that LS atrophy may 
have been associated with an antecedent parenchymal MS 
defect (Fig. 9). Owing to this marked defect, the right lobe 

Fig. 5   Sequential morpho-
logic changes in the liver on 
computed tomography (CT) 
and magnetic resonance 
imaging (MRI). When the 
patient underwent laparoscopic 
cholecystectomy for acute 
calculous cholecystitis in 2010, 
a marked defect of the medial 
segment (MS) of the liver was 
already evident (a, b). Due to 
the parenchymal defect, the 
bilateral hepatic lobes were con-
nected only through the narrow 
isthmus, which predominantly 
consisted of the caudate lobe 
and included the liver hilum (b). 
The portal vein, hepatic artery, 
and bile duct were entirely 
denuded along the isthmus (b), 
where the inflamed gallblad-
der was located (a). Sequential 
CT and MRI imaging (a–e) 
between 2010 and 2018 shows 
progressive atrophy of the 
lateral segment (LS) of the 
liver. Due to the expanded large 
intestine in association with 
sigmoid volvulus, the LS was 
considerably depressed (d). LS 
depression disappeared after 
sigmoidectomy (e). a CT with 
contrast in 2010, b plain MRI 
with T1-weighted imaging 
(T1WI) in 2010, c CT with con-
trast in 2015, d CT with contrast 
in 2017, e plain CT in 2018

Table 1   Sequential change in liver volume

Segment (S) 1–S4 and S5–S8 represent the left and right hepatic 
lobes, respectively. In the present case, S1–S4 principally consisted of 
the caudate lobe and lateral segment. Although the total liver volume 
(S1–S8) was decreased to 61.9%, volume reduction of the left lobe 
(S1–S4) was the greatest at 48% (from 323 to 155  cm3) during the 
7 years from 2010 to 2017

Year. Month 2010. 5 2014.12 2015.9 2017.10

S1–S4 (left lobe) (cm2) 323 260 172 155
S5–S8 (right lobe) (cm2) 1170 1012 743 769
S1–S8 (total liver) (cm2) 1493 1272 915 924
S1–S4/S1–S8 (cm2) 21.6 20.4 18.7 16.8
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and LS were connected only through the isthmus, possibly 
corresponding to a previously described “bipartite liver” 
[7]. This isthmus predominantly consisted of the caudate 
lobe and included a crucial location of the liver hilum [2]. 
Due to the parenchymal loss, the portal vein, hepatic artery, 
and bile duct were entirely exposed to the exterior of the 
isthmus. Moreover, the parenchymal defect diminished the 
gallbladder fossa [9] leading to an anomalous position and 

hypermobility [1, 6, 9], as the inflamed gallbladder was 
located adjacent to the exposed portal vein and bile duct in 
the liver hilum (Fig. 5a).

Under such conditions, it is plausible that the exposed 
portal vein and bile duct had been compressed by the hepatic 
artery, malpositioned gallbladder, or intestine intruding on 
the vacant MS space [2], intermittently affected by increased 
intraabdominal pressure during daily life or twisted due to 
the fragile isthmus [7]. Compared with the artery, the por-
tal vein and bile duct are more easily crushed because of 
low wall resistance to external pressure. Indeed, we demon-
strated with pulse Doppler ultrasonography that blood flow 
in the left portal vein branch was markedly decreased com-
pared to that in the right branch; this was in agreement with 
the CT angiography findings that the crossing left hepatic 
artery directly compressed the left portal vein, causing the 
LS portal branches to become thinner. Chronic flow dis-
turbance in the portal vein is reportedly more problematic 
than that in the bile duct [2, 14], and might have facilitated 
progressive LS atrophy. In addition, considering that the LS 
atrophy rapidly developed after acute calculous cholecystitis 
and cholecystectomy, some inflammatory or surgical influ-
ence on the portal vein and bile duct around the liver hilum 
could not be excluded [14] (Fig. 9).

Blood flow volume in the truncal portal vein meas-
ured directly during cholecystectomy in 8 patients was 
704.0 ± 230.9 mL/min [15], or 869.4 ± 184.0 mL/min when 
measured with pulse Doppler ultrasonography in 60 healthy 
subjects [16]. Yamauchi et al. proposed using the ratio of 
truncal portal blood flow volume to the total liver volume 
measured with MRI in 43 subjects, including 8 healthy vol-
unteers, 13 patients with chronic hepatitis, and 22 patients 
with cirrhosis, to calculate respective index values of 

Fig. 6   Magnetic resonance cholangiography in 2010. Bile duct 
branches corresponding to the left medial segment (MS) of the liver 
are identifiable (arrows), despite a severe parenchymal defect of the 
MS

Fig. 7   Three-dimensional reconstructed computed tomographic angi-
ography in 2010. Arterial and portal vein branches corresponding to 
the middle hepatic segment were identifiable (white arrows). The left 
arm of the portal vein appeared compressed backward by the crossing 
left hepatic artery (yellow arrow), and the LS portal branches became 

thinner. a View from lower ventral site and b view from upper dor-
sal site. Blue and pink vessels represent the portal vein and artery, 
respectively. S segment, PV portal vein, SV splenic vein, SMV supe-
rior mesenteric vein
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0.8 ± 0.1, 0.7 ± 0.2, and 0.6 ± 0.4 mL/min/cm3 of liver [17]. 
They also showed that this index correlated well with liver 
volume, except in patients with cirrhosis [17]. In the pre-
sent case, total portal flow volume (747.8 mL/min) and the 
corrected flow volume in the right portal branch (0.90 mL/
min/cm3 of liver) were compatible with the reported stand-
ard values, but the corrected flow volume in the left portal 

branch (0.35 mL/min/cm3 of live) was apparently decreased 
(Table 2). These results suggest that evaluation of lobular or 
segmental portal flow volume corrected by perfused liver 
volume may be useful for predicting liver atrophy in an indi-
vidual with a partial liver defect or following hepatobiliary 
surgery. Furthermore, MRI with contrast may be useful for 
calculating such an index, because it can measure both portal 
flow volume and liver volume concurrently [17].

As LS volume reduction is closely associated with the 
occurrence of sigmoid volvulus [18], it is possible that 
progressive LS atrophy concurrent with the antecedent 
MS parenchymal defect provided redundant space in the 
abdominal cavity, into which the large intestine intruded to 
form hepatodiaphragmatic interposition. This elderly man’s 
risk factors included a history of cerebral infarction and an 
elongated sigmoid colon [11, 12], leading to the rare condi-
tion of sigmoid volvulus with Chilaiditi’s sign [12] (Fig. 9).

In summary, this case demonstrated that a liver defect not 
only caused acute abdominal distress from a sigmoid vol-
vulus, but also promoted secondary liver atrophy, probably 
through impairment of flow in the portal vein and/or biliary 
system. It is, thus, necessary to monitor the possible devel-
opment of delayed atrophy [14] or to evaluate portal blood 

Fig. 8   Evaluation of portal vein 
flow with pulse Doppler ultra-
sonography. After measuring 
the mean blood flow velocity 
of bilateral portal vein branches 
with pulse Doppler ultra-
sonography, each flow volume 
was calculated according to a 
formula, assuming that the cross 
section of the portal vein was 
completely round. In turn, each 
portal blood flow volume was 
corrected by the liver perfusion 
volume PBF: portal vein blood flow

D: diameter
Ѳ: incident angle between the Doppler beam 

and the portal vein
Vmean: mean velocity

PBF D x D x 
4

x
cos Ѳ

V mean x 60
(ml/min)

Ѳ

D

Table 2   Portal vein flow volume

Portal blood flow per unit of perfused liver volume was apparently decreased in the left portal vein at the umbilical portion compared to that in 
the right portal vein, measuring 0.35 and 0.90 mL/min/cm3 of liver, respectively

Diameter (cm) Mean velocity 
(cm/min)

Blood flow volume 
(a) (ml/min)

Perfused liver vol-
ume (b) (cm2)

Blood flow per unit liver 
volume (a/b) (ml/min/cm3 of 
liver)

Left portal branch
(umbilical portion)

0.38 7.3 56.8 155 0.35

Right portal branch 0.85 12.5 691.0 769 0.90
Total liver – – 747.8 924 0.81

Gross parenchymal defect in medial segment of the liver 
(Congenital hypoplasia or atrophy) 

Exposure of the portal vein 
and bile duct to the exterior 

Progressive secondary atrophy of the lateral segment 

External compression
by artery, intestine, gallbladder,
or  intraabdominal pressure

Twisting of a friable isthmus

Loss of gallbladder bed
Floating gallbladder

Biliary stones

Cholecystitis (inflammation)

Surgery for biliary stones

Redundant intraabdominal space

Sigmoid colon volvulus

Elongated sigmoid colon

Chronic flow disturbance in the portal vein and the bile duct

Fig. 9   Possible pathophysiology in the present case
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flow for the prediction of atrophy, when an individual with a 
partial liver defect including the liver hilum is encountered.
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