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Laparoscopic left hepatectomy for a patient 
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Abstract 

Background Absence of portal bifurcation is an extremely rare anomaly that should be recognized preoperatively, 
especially prior to a major hepatectomy.

Case presentation A 45-year-old woman presented with abdominal pain, and abdominal computed tomography 
(CT) revealed dilatation of both the common bile duct (CBD) and intrahepatic bile duct (IHBD). Endoscopic retro-
grade cholangiopancreatography (ERCP) showed CBD and IHBD stones (B2 and B4). The CBD stones were removed, 
but the IHBD stones could not be, yet there was no evidence of malignancy at the site of IHBD stenosis. Enhanced CT 
revealed a dilated IHBD, while three-dimensional CT images showed the left portal vein running through the ventral 
side of the middle hepatic vein, which was diagnosed as the absence of portal vein bifurcation (APB). Laparoscopic 
left hepatectomy was successfully performed using real-time indocyanine green (ICG) fluorescence imaging.

Conclusion Surgeons should be aware of the possibility of APB, a rare portal vein anomaly, before performing major 
hepatectomy. Real-time ICG fluorescence imaging may be helpful to ensure the precise anatomy of the liver dur-
ing laparoscopic surgery.

Keywords Absence of portal vein bifurcation, Portal vein anomaly, Laparoscopic left hepatectomy, ICG fluorescence 
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Introduction
The absence of portal vein (PV) bifurcation (APB) is an 
extremely rare anomaly that has been reported in 0.03–
2% of all cases in previous anatomical studies [1]. For 
patients requiring liver transplantation, hepatectomy, 
or PV embolization, this anomaly should be recognized 
before treatment for patient safety [2]. Although surgi-
cal methods for hepatectomy in several APB cases have 
previously been reported [3–7], patients in all these cases 

underwent the open method, as it is a very complicated 
operation. To the best of our knowledge, this is the first 
report of laparoscopic left hepatectomy in a patient diag-
nosed with APB in whom a single intrahepatic PV was 
observed running from the right anterior section to the 
left lateral section of the liver.

Case presentation
A 45-year-old female patient visited a local hospital 
with abdominal pain. Blood tests revealed elevated liver 
enzyme levels, and abdominal computed tomography 
(CT) revealed dilatation of both the common bile duct 
(CBD) and intrahepatic bile duct (IHBD). The patient 
underwent magnetic resonance cholangiopancreatogra-
phy (MRCP) and endoscopic retrograde cholangiopan-
creatography (ERCP). MRCP showed CBD stones and 
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stenosis at the confluence of B2 and B3 (Fig.  1a), while 
ERCP revealed IHBD stones in B2 and B4 (Fig.  1b), 
which were also observed on abdominal ultrasound (US) 
(Fig. 1c). Brushing cytology and biopsy at the site of the 
IHBD stenosis were negative for malignancy. Although 
the CBD stones were removed, the IHBD stones could 
not be; therefore, she was referred to our hospital for 
surgical treatment. Further examination could not be 
performed around the site of the IHBD stenosis because 
of impacted stones. Therefore, laparoscopic left hepa-
tectomy was scheduled for suspected intrahepatic 

cholangiocarcinoma resulting from the impacted stones. 
However, to properly delineate the anatomy of the liver, 
enhanced CT was performed, which revealed a dilated 
IHBD in the left lobe and communication between the 
right PV and the umbilical portion (Fig.  2a, b). Based 
on the enhanced CT data, three-dimensional (3D) CT 
images were reconstructed, which revealed that instead 
of being located in the left Glisson’s sheath, both the left 
hepatic artery and bile duct were separated from the 
left PV (LPV) (Fig. 3a). They also revealed an LPV run-
ning through the ventral side of the middle hepatic vein 

Fig. 1 Image findings. Magnetic resonance cholangiopancreatography (MRCP) (a) shows common bile duct (CBD) stones and stenosis 
at the confluence of B2 and B3. Endoscopic retrograde cholangiopancreatography (ERCP) (b) reveals intrahepatic bile duct (IHBD) stones in B2 
and B4 (yellow arrows). Abdominal ultrasound scan (c) shows IHBD stones in B2 and B4 (white arrows)

Fig. 2 Enhanced CT images. Enhanced CT scan reveals a dilated IHBD in the left lobe and a communication between the right portal vein 
and umbilical portion (a, b). CT: computed tomography; IHBD: intrahepatic bile duct; MHV: middle hepatic vein; Ant. RPV: anterior right portal vein; 
Post. RPV: posterior right portal vein, UP: umbilical portion
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(MHV) (Fig. 3b). Based on these findings, the patient was 
diagnosed with APB and scheduled to undergo laparo-
scopic left hepatectomy.

During the operation, when we first encircled and 
clamped the left Glisson’s sheath, no demarcation lines 
appeared. Under intraoperative US guidance, indigo car-
mine (10 mg) was injected into the LPV above the MHV, 
and a temporary demarcation line appeared (Fig.  4a). 
Subsequently, the hepatic parenchyma was transected 
along the demarcation line and encircled the LPV. After 
clamping the LPV and injecting indocyanine green (ICG: 

2.5 mg) through a peripheral vein, negative staining using 
ICG fluorescence real-time imaging showed hepatic 
perfusion, and the demarcation line was clearly visible 
(Fig. 4b, c). Transection of the liver parenchyma was con-
tinued, and left hepatectomy was completed. Intraopera-
tive frozen section histopathology of the cut end of the 
left hepatic bile duct was negative for malignancy. The 
operation time was 413 min, and blood loss was 83 mL. 
Pathological reports showed only inflammation of the 
bile ducts, without any malignancy (Fig.  5a–c), while 
postoperative 3D CT images showed preserved MHV 

Fig. 3 Three-dimensional reconstruction of the enhanced CT images. The left hepatic artery and bile duct are separated from the left portal vein 
(LPV) instead of being located in the left Glisson’s sheath as viewed from a left anterior oblique position (a). LPV, viewed from a neutral position, runs 
through the ventral side of the middle hepatic vein (MHV) (b). MHV: middle hepatic vein; Ant. RPV: anterior right portal vein; LPV: left portal vein

Fig. 4 Intraoperative findings during laparoscopic left hepatectomy. A demarcation line (black arrows) appears after injecting indigo carmine 
(10 mg) into the LPV above the MHV under intraoperative ultrasound (US) guidance (a). The LPV and its branch are encircled (b). After clamping 
the LPV and its branch, negative staining using indocyanine green (ICG) fluorescence real-time imaging shows hepatic perfusion and a clear 
demarcation line (c)
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and right PV. The patient developed an intraabdominal 
abscess, for which CT-guided drainage was performed on 
postoperative day (POD) 13. After successful treatment, 
the drain was removed, and the patient was discharged 
on POD 28.

Discussion
Anomalies of the PV branches at the hepatic hilum are 
not so common compared with those of the hepatic 
arteries, hepatic veins, and biliary ducts [8, 9]. APB is 
a rare anomaly, first reported by Couinaud [10, 11]. 
The adult PV develops from the vitelline (future main 
PV) and umbilical veins (future vertical segment of the 
left PV) during the 4th to 10th weeks of gestation. The 
absence of the horizontal part of the LPV or APB can be 
due to failure of the anastomosis between the caudal por-
tion of the right vitelline and left umbilical veins [1, 2].

Regarding the anatomy of the bile ducts in patients with 
APB, Terasaki et al. [12] reported two patients with dif-
ferent bile duct characteristics, in whom the left hepatic 
duct ran either inside the liver along the PV or separately 
down into the common hepatic duct. The differences in 
running patterns between the PV and the bile duct can 
be explained from an embryological perspective. In our 
patient, an ordinary left bile duct was present, and IHBD 
stones were identified in the dilated B2 and B4. It is note-
worthy that on routine preoperative plain CT images, the 
APB anomaly was not detected owing to the limitation of 
the images in outlining the detailed anatomy of the liver 
vasculature. However, the anomaly was detected on the 
preoperative enhanced CT images, which allowed us to 

reconstruct 3D images and view the detailed anatomy of 
the liver vasculature from different positions (neutral and 
left anterior oblique positions), as shown in Fig. 3.

Focusing on hemihepatectomy (right or left hepatec-
tomy), this anomaly should be recognized before surgery 
to assess and determine the PV blood flow. Until now, 
there have been several reports of right hepatectomy by 
preserving the main and left PVs in patients with APB [5, 
6, 13]. Among them, two patients experienced PV throm-
bosis after surgery, and one patient died of liver failure 
[5, 13]. When considering surgical treatment for patients 
with APB, surgeons must examine the precise arterial, 
biliary, and PV anatomy and consider the risks associated 
with right hepatectomy preoperatively. In contrast, left 
hepatectomy can be safely performed because surgeons 
do not have to identify the left PV at the perihilar area, 
and the right PV can easily be preserved.

It is difficult to determine the demarcation line when 
performing left hepatectomy in patients with APB. In this 
situation, the only option is to split the liver parenchyma 
along the Rex–Cantlie line and separate the PV from the 
anterior section. Besides our limited experience with this 
technique, we initially attempted PV puncture by inject-
ing indigo carmine (10 mg) into the LPV above the MHV 
under US guidance to visualize the demarcation line. 
However, only a temporary demarcation line appeared 
(Fig.  4a). The hepatic parenchyma was transected along 
this temporary demarcation line, and the LPV was dis-
sected and encircled. We then injected ICG (2.5  mg) 
into the peripheral vein, and after clamping the LPV, 
we could precisely see the well-established demarcation 

Fig. 5 Three-dimensional reconstruction of postoperative enhanced CT images. Both the MHV and Ant. RPV are preserved, as viewed from neutral 
(a) and left posterior oblique (b) positions. CT: computed tomography; MHV: middle hepatic vein; Ant. RPV: anterior right portal vein; LPV: left portal 
vein
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line (Fig.  4c) using ICG fluorescence real-time imaging 
and completed the left hepatectomy. However, owing to 
the complexity of liver resection, the hepatic cut surface 
was not smooth. This could have promoted the forma-
tion of abscesses at the cut margins and eventually lead 
to a postoperative intraabdominal abscess, for which the 
patient was successfully treated with CT-guided drainage 
and antibiotics.

ICG fluorescence imaging has been used for intraop-
erative identification of hepatic tumors and segmental 
boundaries during laparoscopic hepatectomy, particularly 
for anatomical resection [14, 15]. Recently, this technique 
has become common during laparoscopic hepatectomies 
because fluorescence images can allow surgeons to iden-
tify the segmental boundaries of the hepatic parenchyma 
with or without blood perfusion and thus guide surgeons 
to complete anatomic resections laparoscopically [16]. 
Although the histopathological report revealed this case 
as a benign disease, ICG fluorescence real-time imaging 
was used preoperatively, and we planned to perform a 
laparoscopic anatomical liver resection based on a strong 
suspicion of intrahepatic cholangiocarcinoma due to the 
impacted IHBD stones. Therefore, this real-time intra-
operative imaging technique might be useful for patients 
with APB requiring hepatectomy by facilitating the visu-
alization of the demarcation line and consequently aiding 
in liver parenchyma resection. Although the assessment 
of hepatic perfusion by fluorescence imaging following 
the intravenous injection of ICG cannot be used repeat-
edly, this modality can allow surgeons to perform safe 
and accurate laparoscopic hepatectomies.

Conclusions
Here, we present the case of a patient diagnosed with 
APB who underwent laparoscopic left hepatectomy. 
Before performing major hepatectomies, surgeons 
should be aware not only of the occurrence of this rare 
PV anomaly, but also of hepatic arterial and biliary 
anomalies. To ensure the precise anatomy of the liver 
during hepatectomy, ICG fluorescence real-time imaging 
may be helpful.
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