
© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(8):3792-3796 | http://dx.doi.org/10.21037/qims-20-964

Introduction

The caudate lobe is located at the most dorsal domain of the 
liver, and the procedure for resecting the lobe is complex. 
The caudate lobe is surgically classified into 3 portions with 
prominent landmarks: (I) Spiegel portion (left protruding 
part from Arantius’ ligament), (II) process portion (right 
protruding part, caudal to the right portal pedicle), and 
(III) caval portion (paracaval part that is covered by the 
right and middle hepatic veins (MHV) and bordered on the 
dorsal side by the right portal pedicle). The 9 procedures 
for caudate lobe resection have been described (1). When 
the tumor is located in the paracaval portion or occupies the 
entire caudate lobe, it can be resected with other adjacent 
liver regions in patients with good liver function. When a 
tumor less than 5 cm in diameter is localized in Spiegel’s 
lobe or the caudate process, only the portion, including the 
tumor, should be resected. High dorsal resection (HDR) is 
planned only when patients have a poor functional reserve 
[indocyanine green retention rate at 15 min (ICG-R15) 

>20%] (2).
HDR enables en bloc removal of the 3 portions (Spiegel, 

process, and caval portions) (3) of the caudate lobe 
without sacrificing any other major hepatic vessels (2,4). 
However, this procedure is technically demanding as the 
operation field is deep and narrow on the liver’s dorsal 
side (2,5,6). As important prerequisites, preparative total 
liver mobilization and exposing landmarks during liver 
resection are indispensable (5,7). HDR is rarely performed, 
and the pitfalls have been insufficiently recognized. Here, 
we described the technical pitfalls and operative outcomes 
at our institution, focusing on procedural and operative 
perspectives.

Methods

Patients

Between September 2002 and February 2012, there were 
141 patients of resection for hepatocellular carcinoma 

Brief Reports

High dorsal resection for hepatocellular carcinoma: surgical plane 
and outcomes

Shintaro Yamazaki, Tadatoshi Takayama, Masaru Aoki, Nao Yoshida, Tokio Higaki

Department of Digestive Surgery, Nihon University School of Medicine, Tokyo, Japan

Correspondence to: Tadatoshi Takayama, MD. Department of Digestive Surgery, Nihon University School of Medicine, ZIP code: 173-8610, 30-1 

Ohyaguchikami-machi, Itabashi-ku, Tokyo, Japan. Email: takayama.tadatoshi@nihon-u.ac.jp.

Abstract: High dorsal resection (HDR) of the liver is a systematic resection technique for hepatocellular 
carcinoma (HCC) arising in the caudate lobe. HDR is rarely performed, as the procedure requires a high 
level of operative skill, knowledge of liver anatomy and is performed in patients with limited hepatic 
function. Between 2002 and 2012, we performed HDR on 9 patients. The median operation time was  
534 min (range, 349–903 min), and the median blood loss volume was 430 mL (range, 94–4,530 mL). The 
severe morbidity rate was 11.1%, but there was no operative mortality, and the median hospitalization was  
13 days (range, 8–93 days). The overall survival was 49.7 months (range, 3.1–89.0 months). Despite the 
hard-to-approach anatomic location, HDR can be carried out safely with good survival compared to other 
segments.

Keywords: Hepatocellular carcinoma (HCC); liver resection; caudate lobe

Submitted Aug 12, 2020. Accepted for publication Jan 18, 2021.

doi: 10.21037/qims-20-964

View this article at: http://dx.doi.org/10.21037/qims-20-964

3796

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-20-964


3793Quantitative Imaging in Medicine and Surgery, Vol 11, No 8 August 2021

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(8):3792-3796 | http://dx.doi.org/10.21037/qims-20-964

(HCC) originating in the caudate lobe. Among them, a total 
of 9 patients underwent HDR (Takayama’s procedure) at 
Nihon University Itabashi Hospital (2). Surgical indications 
were determined according to the tumor location within 
the lobe and the ICG-R15. Recently, we established an 
algorithm to select the optimal procedure for caudate lobe 
HCC based on our experience (1). When HCC (<3 cm) is 
localized in the Spiegel or process portion, partial resection 
of each portion is indicated. In patients with large HCC  
(>3 cm) and good ICG-R15 (<10%), left hemihepatectomy 
for Spiegel-HCC or right hemihepatectomy for process-
HCC is the first procedure, and in those with ICG-R15 
≥10%, partial resection or ventral resection is indicated (8).  
When HCC (>3 cm) is located in the caval portion, 
concomitant total caudate lobe with right hemihepatectomy 
is the first option in those with ICG-R15 <10%. Irrespective 
of tumor size, ventral resection is indicated in patients with 
ICG-R15 10–20%, and HDR is indicated in patients with 

ICG-R15 ≥20% (2,8).

Procedure

For HDR, the caudate lobe’s right boundary and the 
transection line at the ventral side were hard to visualize 
(2,5-7). Therefore, a “counterstaining technique” via 
the right posterior portal branch helped visualize the 
border between the stained and unstained area, which 
corresponded to that of the posterior segment and caudate 
process (2,4). The “tattooing technique” passing through 
the right hepatic vein (RHV) and MHV created a landmark 
in the ventral border of the liver parenchyma during liver 
transection (4). Other boundaries of the caudate lobe were 
easily recognized by the corresponding vessels or structures 
[left border, Arantius’ ligament; dorsal surface, inferior vena 
cava (IVC); ventral surface, the main trunk of the RHV and 
MHV; cranial extremity, bifurcation of the major hepatic 
veins; caudal extremity, hepatic hilum].

Liver transection started from the right side boundary 
line, which was revealed by the counterstaining method (2,4) 
and proceeded cranially towards the posterior surface of the 
RHV, followed by division of the caudate posterior Glisson’s 
branches. Creating a right-side boundary transection line is 
a key step to creating a good surgical plane (6) (Figure 1A). 
When the transection proceeded to the hepatic hilum, the 
Glisson’s branches to the paracaval portion was divided. 
On the left side, Spiegel’s lobe was transected along the 
Arantius’ ligament (Figure 1B). Then, after complete 
resection of the caudate lobe by HDR, the ventral surface 
of the IVC and the dorsal surfaces of the RHV, MHV, and 
hepatic hilum were exposed completely on the raw surface 
of the liver. 

Results

Patient characteristics

In the 9 patients who underwent HDR (Table 1), the median 
tumor diameter was 35 mm (range, 18–80 mm), and the 
median ICG-R15 value was 11.6% (range, 2.3–16.1%). 
One patient had a tumor larger than 50 mm in diameter, 
the presence of vascular invasion, multiple nodules during 
surgery, and Child-Pugh class B liver function. 

Outcomes of the operation

The median operation time for HDR was 534 min (range, 

Figure 1 Surgical planes from the right and left side of high dorsal 
resection were visualized with main landmark structures. (A) 
Surgical plane from the right side. Right boundary transection line 
is key to having a wider operation view. Exposing the dorsal side of 
the right hepatic vein (RHV) is the first step. Transection continues 
to the right side of the inferior vena cava (IVC) via the dorsal 
side of the middle hepatic vein (MHV). At the hepatic hilum, 
thin Glissonean branches of the caudate lobe should be carefully 
divided. (B) Surgical plane from the left side. From the left side 
view, the operation field is limited because the hepatoduodenal 
ligament is fixed. LHV, left hepatic vein; RPV, right portal vein.
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Table 1 Characteristics of patients 

Characteristics 
Patients No.

Median
1 2 3 4 5 6 7 8 9

Age 71 62 68 63 71 61 64 59 50 63 [50–71]

Gender M M M F M M F M F

Tumor diameter (mm) 18 24 20 35 43 40 22 80 50 35 [18–80]

TNM (stage) I II I III II II III VIa II

Hepatitis virus HCV HCV HBV HCV None HBV None HBV HCV HBV

Albumin (g/dL) 4.4 3.8 4.5 3.7 4.1 3.3 4.6 3.2 3.9 3.9 [3.2–4.6]

Bilirubin (mg/dL) 0.5 0.4 0.4 0.6 0.8 0.7 0.4 1.1 0.8 0.6 [0.4–1.1]

Prothrombin (%) 100 86 100 70 93 100 100 79 100 100 [70–100]

Platlet (104/μL) 15.6 10.3 11.9 10.3 24.9 11.9 11.9 5.6 11.7 11.9 [5.6–24.9]

ICGR15 (%) 7.3 9.1 10.1 12.3 12.1 11.6 2.3 12.2 16.1 11.6 [7.3–16.1]

Child-Pugh (class) A A A A A A A B A

ASA status (class) 2 2 2 2 2 2 2 3 2

Operation time (min) 413 609 534 903 494 505 587 690 349 534 [349–903]

Hepatic clumping time (min) 84 161 105 287 89 72 140 185 92 105 [72–287]

Blood loss (mL) 190 1,430 430 1,104 318 920 312 4,530 94 430 [94–4,530]

Clavien-Dindo (grade) II IIIa 0 IIIa 0 0 0 IIIb 0 

Hospitalization (day) 8 20 9 15 12 13 13 93 12 13 [8–93]

Vascular invasion 0 0 0 yes 0 0 yes yes 0 

Liver parenchyma CH LC CH CH CH LC CH LC LC

Resection width holizontal (mm) 85 75 100 80 70 65 95 90 85 85 [65–100]

Resection width longitudinal (mm) 65 60 65 75 57 45 58 50 73 60 [50–75]

Parenchyma thickness (mm) 27 20 25 20 45 28 34 35 48 28 [20–48]

HBV, hepatitis virus B; HCV, hepatitis virus C; ICGR15, indocyanine green retention rate at 15 min; ASA, American Society of 
Anesthesiologists classification; CH, chronic hepatitis; LC, liver cirrhosis.

349–903 min), and the median intraoperative blood loss 
was 430 mL (range, 94–4,530 mL) (Table 1). One patient 
had a Clavien-Dindo classification grade IIIb complication 
[post-hepatectomy liver failure grade B according to the 
International Study Group of Liver Surgery (ISGLS) 
classification]. There was no mortality and no severe 
complications. The median hospitalization was 13 days 
(range, 8–93 days).

The median surgical margin was 0 mm (range, 0–3 mm). 
The median normal parenchyma thickness at the resected 
specimen was 28 mm (range, 20–48 mm). The 0 mm margin 
meant the pathological surgical margin was approximately 
0 mm, but the tumor was surrounded by a firm fibrous 

capsule, which is unique compared to classical HCC. The 
surgical impact for those tumors was comparable to R0 
resection (9). Therefore, we considered the surgical margin 
to be 0 mm, but not tumor exposure in such cases. Also, the 
caudate lobe was very narrow and located between major 
vessels, and when the tumor diameter was beyond the 
thickness of the normal parenchyma, we judged it to be the 
same as R0 throughout this article.

Survival

The median follow-up time was 49.0 months (range, 
3.1–89.0 months). The median recurrence-free survival 
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of HDR was 21.4 months (Figure 2), while the overall 
survival  was 49.7 months.  The 1-year and 2-year 
recurrence-free survival rates were 76.2% and 45.7%, 
respectively. The 3-year and 5-year overall survival rates 
were 76.2% and 50.8%, respectively.

Discussion

Even though the caudate lobe is located on the most dorsal 
side of the liver and is surrounded by major vessels, HDR 
was performed with minimum liver parenchyma loss, 
favorable operative safety, and comparable survival rates 
to that of other segments. This series performed HDR 
with low blood loss (median 430 mL) and no mortality 
in patients with poor liver function. HDR achieved a 
comparable 5-year-survival rate (50.8%) to that of the 
entire HCC Japanese national cohort (57.3%) (10). Since 
the caudate lobe is located deep inside the liver, creating 
a wide surgical plane contributes to liver transection 
safety. Therefore, exposing all landmark vessels for liver 
transection is essential in this specific procedure.

This study demonstrated the surgical plane and outcomes 
of HDR. The median parenchyma thickness at the resected 
specimen was only 28 mm. The caudate lobe is surrounded 
by major vessels, and the hepatoduodenal ligament is 
located at the transection line center. The operation view 
of HDR is limited, especially from the left side approach. 
For this reason, a wide surgical view from the right anterior 
oblique is essential, and exposing landmark vessels is the 
first step (2,5,7). Creating a right-side boundary line and 
starting transection from the right side is key to obtaining 
an optimal surgical plane (6). Therefore, when the tumor 

diameter is more than 30 mm, the tumor is always in contact 
with major vessels, making it difficult to obtain a good 
surgical view (5-7). For that reason, the surgical margin of 
HDR was close to 0 mm, but there was a fibrous capsule 
around the tumor. We avoided exposure of the tumor at 
the surgical margin by careful transection. Therefore, we 
recommend HDR for patients in whom caudate lobectomy 
with partial resection of a major lobe is precluded by poor 
liver function and tumor location at the paracaval portion. 
When the tumor is located close to the hepatic veins’ 
junction, we advise that ventral resection is the preferred 
procedure (8). The operation type should be selected based 
on the liver functional reserve. We introduced 9 procedures 
for caudal lobe resection, and the selection of patients was 
optimal for HDR according to our algorithm (2). However, 
HDR requires in-depth knowledge and a high skill level for 
liver resection; therefore, liver transplantation is another 
possible option. Most of the patients in our series were 
within the Milan criteria, indicating that they were good 
candidates for liver transplantation if a donor is available.

HDR is one of the most complex l iver surgery 
procedures as the caudate lobe is located on the most dorsal 
side of the liver and is surrounded by major vessels (3). 
Accidental bleeding from the ventral side of the major vein 
is the most feared complication (5,7). Though the surgical 
view was limited, creating a good surgical plane contributes 
to the clearance in surgical fields. We achieved a severe 
grade morbidity rate of only 11.1%, which is less than other 
reports in caudate lobe resection (26.1–60.0%) (4,7,11). 
The survival rate for caudate lobe HCC was thought to be 
worse compared to other portions. However, the reported 
cases’ 5-year survival rates varied, ranging from 26% to 
76% (4,7,11). In our study, the 5-year overall survival rate 
of 50.8% seemed reasonable, as it was comparable to the 
entire Japanese national study cohort for HCC (10). 

In conclusion, patients with HCC of the caudate lobe 
with poor liver function are good candidates for HDR and 
can achieve good outcomes.
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Figure 2 Survival in all participants. The median recurrence-free 
survival of the high dorsal resection was 21.4 months. The overall 
survival of the high dorsal resection was 49.7 months.
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