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Introduction

Colorectal cancer (CRC) is the second leading cause of 

cancer death in the western world (1). More than 25% 

patients with colorectal cancer present with metastatic 

lesions, and treatment options for metastatic CRC are 

limited (2).

Chemotherapy alone may assist in symptom reduction 
and can prolong patients’ survival. However, in order to 
reach cure, a complete resection of the lesion must be 
achieved (3-9). 

More than 20% of patients may be cured if liver 
metastases can be completely resected (10). This approach 
is extremely challenging in cases of multi-lobar liver 
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metastasis, and only 10–20% of these patients are eligible 
for surgery. A complete resection of metastatic lesions is 
mandatory for prolonging patient survival (9). However, 
the preservation of an adequate future liver remnant 
(FLR) is essential (11-13). Two-stage hepatectomy (TSH) 
with portal vein embolization (PVE) was introduced 
almost two decades ago as a proposed technique for the 
treatment of bi-lobar disease (14). The first stage includes 
the non-anatomical resection of all left lobe lesions or 
their ablation by radiofrequency, microwave or irreversible 
electroporation (IRE). This is followed by PVE performed 
during or adjacent to surgery. Following the demonstration 
of sufficient left lobe hypertrophy, a second stage right 
hepatectomy is performed. The first cases of TSH were 
introduced by Adam et al., with 13/16 (81.3%) patients 
completing both stages of the TSH (14). However, a 
following series demonstrated lower percentages of 
TSH completion (approximately one third), and a higher 
associated morbidity and mortality than was previously 
reported (10,15-17). A primary concern is insufficient FLR 
following major resections. Recent studies have reported 
complication rates of 15% in the first stage procedure and 
56% in the second stage, with mortality rates of 9–15%, 
mainly due to liver failure (10,15-17). 

Our department has adopted an aggressive approach in 
the management of CRC liver metastases. We believe that 
with proper patient selection, TSH can be a safe procedure 
in patients with bi-lobar disease. The objective of this 
investigation was to assess the safety of this procedure, 
by comparing the complication rates of patients who 
underwent TSH to those who underwent a benchmark 
operation—a right hepatectomy (RH). 

Methods

A retrospective review was performed of all patients who 
underwent TSH due to multi-lobular liver metastatic 
CRC in the Hepatobiliary Department in our institution 
between January 1, 2007 and December 31, 2017. Patients 
are selected for TSH if it is deemed possible to completely 
resect/ablate all left-lobe lesions, if the primary colonic 
tumor is resectable, if no other systemic lesions are present, 
and if the patient’s general health status permits the 
performance of this large procedure. All patients undergo a 
first stage procedure that includes complete metastasectomy 
from the left lobe (via single or multiple non-anatomical 
wedge resections) and/or intraoperative ablation (microwave 
ablation or IRE) of left lobe lesions, followed by a PVE 

(intraoperatively or adjacent to the procedure). The 
first aspect of preoperative patient selection included 
the assessment of the technical ability to clear the left 
lobe from tumor burden via resection and/or ablative 
methods. The second aspect assessed the patients’ ability 
to tolerate the major surgical endeavor. This included 
strict multidisciplinary evaluation by anesthesiologists, 
cardiologists, and pulmonologists, with the routine 
performance of echocardiograms and pulmonary function 
tests for all patients, and the performance of preoperative 
cardiac catheterization when deemed necessary by the 
cardiologist. Each case was discussed preoperatively in a 
multidisciplinary setting. That, in addition to intraoperative 
findings (including intraoperative sonographic findings) 
dictated the decision for ablation versus resection. Our 
general approach was the performance of non-anatomic 
resection for peripheral and superficial lesions, while 
ablation was the modality of choice for smaller and deeper 
tumors (with the goal of parenchymal preservation) and 
for tumors that abutted a hepatic vein or portal pedicle 
that we intended to preserve. Our default institutional 
ablative method was microwave ablation (MWA), however 
IRE was utilized for tumors that were adjacent to larger 
vessels. FLR was subsequently assessed by cross-sectional 
imaging [computed tomography (CT) or magnetic 
resonance imaging (MRI)], and, if appropriate, a second 
stage operation was performed and included a complete 
right hepatic lobectomy. Patients who underwent TSH 
were compared to a control group which included patients 
who underwent a RH as a single procedure for metastatic 
CRC during the same time period. Patients were admitted 
and observed overnight in an intensive care setting. Daily 
monitoring and blood analyses were taken to assess patient 
status. All patients were followed up 1 month, 3 months, 
1 year, and yearly thereafter in our multidisciplinary 
clinic, and laboratory results (including tumor markers) 
and imaging studies (CT, MRI, positron-emission 
tomography) were utilized to rule out recurrence. The 
study was approved by our institutional ethics committee, 
and the need for informed consent was waived due to the 
retrospective nature of the investigation.

Data collected included baseline demographic and 
preoperative patient characteristics, operative, inter-
operative, and postoperative information. The primary 
outcome of the study was the postoperative complication 
rate, as graded by the Clavien Dindo classification (17). 
Major complications were defined as Clavien Dindo ≥3. 
Secondary outcomes included 90-day mortality, and length 
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of hospital stay. 
Statistical analysis was performed using statistical 

software (SPSS, version 24.0). Univariate analysis with  
t-test and Chi square was utilized to compare between the 
study groups. P<0.05 was considered significant for all 
comparisons. 

Results 

Patient selection

During the study period, 29 patients underwent TSH, 
including 13 males and 16 females. Patients’ age ranged 
from 34 to 77 (mean 57.8±10.3) years. All of these patients 
had normal preoperative liver function tests, except for 
three patients with mildly elevated gamma-glutamyl 
transferase (less than 350 IU/L). None of the patients had 
preoperative evidence of cirrhosis. Out of these patients, 
24 (82.8%) completed the full 2-stage procedure including 
PVE. Five patients did not proceed to the second stage due 
to recurrence of disease. In 3 patients, the recurrence was 
demonstrated on the second procedure upon explorative 
laparotomy, and the procedure was aborted. In the remaining 
2 patients, the recurrence was noted on preoperative cross-
sectional imaging, and these patients were excluded from the 
second procedure. The control group consisted of 35 patients 
who underwent RH as a sole procedure for CRC liver 
metastasis, in addition to resection of their primary tumor. 
This group included 19 males and 16 females, and had an age 
range of 33–80 (mean 57.8±9.8) years.

Both  groups ’  pre- ,  in t ra- ,  and  interoperat ive 
characteristics are summarized in Table 1. It is to be 
noted that no statistically-significant differences were 
demonstrated between the groups. However, median 
preoperative CEA was higher in the TSH than in the RH 
group (7.8 vs. 3.2 ng/mL, P=0.03). 

Operative and interoperative management of the study group 

First stage: 29 patients underwent the first stage operation 
that included the resection of all metastatic lesions from 
the left liver and/or their ablation using microwave or 
IRE. Various numbers of liver lesions were encountered 
and all were completely removed/ablated with no major 
complications. Three patients underwent anatomical 
resection of segment 2, five patients underwent anatomical 
resection of segment 3, three underwent a left lateral 
segmentectomy, while 13 patients underwent various 

nonanatomic resections of segments 2, 3 and 4. Mean 
operative time was 3.2±0.8 hours, and no intraoperative 
blood transfusion was required. No surgery-related 
mortality was reported in this first stage. 

PVE: all 29 patients underwent PVE (26 patients during 
the first procedure and 3 in the following 7 days following 
surgery). 

Second stage: 25 out of 29 patients (86%) underwent the 
second stage operation (RH). Mean operative time among 
these patients was 4.7±1.0 hours. 

Chemotherapy

All of the patients in the TSH cohort received neoadjuvant 
therapy with variant regimens (Table 2). All patients received 
preoperative fluoropyrimidine-based chemotherapeutic 
regimens (FOLFIRI in 17 patients, FOLFOX in 8 patients, 
and XELOX in 4 patients), with the addition of biologic 
agents in 14 patients. Nine (31.0%) patients received 
additional chemotherapy after the first stage and 7 (24.1%) 
after the second stage. The decision to administer adjuvant 
chemotherapy was made on a case-to-case basis, following 
multidisciplinary discussions between oncologic, surgical 
and radiology staff. 

All of the control group (RH 35 patients) received 
neoadjuvant therapy with variant protocols, and 15 (42.9%) 
received postoperative chemotherapy. 

Complications 

A postoperative major complication rate of 17.2% (5/29) 
was observed in the TSH group. Two patients (6.9%) were 
admitted to the intensive care unit (ICU) due to single 
or multiple organ failure. Four patients (13.8%) required 
relaparotomy: 2 patients due to anastomotic leak from 
colonic resection and 2 due to iatrogenic ureteral injury 
requiring primary repair. One patient presented with a right 
upper quadrant abscess adjacent to the hepatic resection and 
underwent CT-guided percutaneous drainage. 

The control (RH) group demonstrated a major 
complication rate of 20.0% (7/35), all of which included 
intra-abdominal collections requiring percutaneous 
drainage. Two patients (5.7%) required ICU admission due 
to single or multi-organ failure.

Mortality 

One postoperative mortality occurred in the TSH group (3.4%). 
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 Table 1 Patient characteristics

Variable RH group (n=35) TSH group (n=29)

Gender (% male) 54 45

Mean age, years [range] 57.8 [33–80] 57.8 [34–77]

Mean BMI (range) 26.8 (19.2–36.7) 26.6 (18.5–36.9)

Comorbidities, %  

HTN 33.3 20.1

DM 15.1 6.8

IHD 6.0 6.8

Mortality, % 0 6.8

Major complications, % 20.0 17.2

Preoperative chemotherapy, % 100 100

Chemotherapy following first operation, % 42.9 31.0

Chemotherapy following second operation, % x 24.1

Mean hospital stay-first surgery (days) 9.0±6.0 8.1±5.3

Mean hospital stay-second surgery (days) x 3.4±6.6

Number of right liver lesions

1 4 1

2 12 3

3 5 5

>4 9 20

Number of left liver lesions

1 x 9

2 x 6

3 x 5

>4 x 9

Primary tumor location

Right colon 6 5

Left colon 9 2

Rectosigmoid 19 22

Timing of colonic resection

Before liver resection 28 15

During 1st stage x 5

During 2nd stage x 1

After liver resection 1 6

Did not complete colonic resection 6 2

IHD, ischaemic heart disease; DM, diabetes mellitus; HTN, hypertension.
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This patient was a 59-year-old female who was admitted to the 
ICU with a multi-organ failure and died from bleeding as a 
complication of a subclavian catheter insertion. No postoperative 
(90-day) mortalities occurred in the control group. 

Length of stay

Mean length of hospital stay in the TSH cohort was  
8.1±5.3 days after the first stage and 3.4±6.6 after the second 
stage (overall length of hospital-stay 14.7±7.2). The RH cohort 
demonstrated an overall mean length of stay of 9.0±6.0 days.

Use of MWA or IRE

Intraoperative ablative procedures were utilized in 72.4% 
(21/29) of the TSH group and in 79.2% (19/24) of the patients 
who completed the TSH procedure. In 55.2% (16/29), two or 
more modalities were utilized (microwave ablation/IRE and/
or non-anatomical resection). Two of the patients who failed to 
complete the TSH later underwent ablative modalities. 

Comparison between those who failed to complete versus 
those who completed TSH

Although 29 patients were preoperatively selected for 
TSH, only 24 (82.8%) successfully completed the two-
stage procedure. A detail comparison between patients 
who completed TSH (24 patients) and those who failed to 
complete the full TSH (5 patients) is presented in Table 2.  
It must be noted that the sample sizes are relatively 
small, and no statistically significant differences were 
demonstrated between the groups.  However,  the 
presence of comorbidities and more than 3 (left and right 
lobe) lesions was more common in patients who failed 
TSH.

Long term results 

Patients who underwent TSH demonstrated a 1-year 
survival rate of 70.9%, and a median overall survival of  
30.2 months (Figure 1).

Table 2 Comparison of patients who completed TSH to those who failed TSH

Variable Completed TSH (N=24) Failed TSH (N=5)

Gender (% male) 41.7 60.0

Mean age (range) 57.0±10.3 (34.0–77.0) 67.0±4.3 (20.5–35.3)

Mean BMI (range) 26.7±4.7 (18.5–36.9) 27.0±5.5 (38.0–69.0)

Primary tumor 75.1% sigmoid/rectum 80.0% sigmoid/rectum

8.3% left colon 20.0% right colon

16.6% right colon

Post stage 1 chemotherapy 37.5% 20.0%

Nanoknife/MA 79.4% 40.0%

Hypertension 12.5% 60.0%

Ischemic heart disease 0% 40.0%

Diabetes 0% 40.0%

Number of Rt liver lesions

<3 lesions 18 (75.0%) 0 (0.0%)

>3 lesions 6 (25.0%) 5 (100%)

Number of Lt liver lesions

<3 lesions 17 (70.8%) 1 (20.0%)

>3 lesions 7 (29.2%) 4 (80.0%)

TSH, two-stage hepatectomy.
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Discussion

TSH for CRC metastases was previously associated with 
high mortality (approximately 7%) and morbidity (ranging 
from 30% to 60%) (18-23). This current study attempted 
to demonstrate this procedure’s safety in a carefully-selected 
cohort of CRC patients with bi-lobar liver metastases, by 
comparing the procedure’s complications to those of a 
benchmark single-stage RH. Although it is clear that two 
inherently different patient groups are being compared, it 
must be remembered that the objective of this investigation 
was to demonstrate that when the appropriate patients 
are selected, TSH is not associated with higher morbidity 
than RH. Due to the fact that such a comparison has only 
rarely been reported, this current investigation adds to the 
available literature (24). 

Our study demonstrated lower rates of morbidity and 
mortality (17.2% and 3.5%, respectively) than those 
reported in the literature, and comparable complication 
rates to those who underwent a sole RH (20.0%). The 
complexity of the procedure and the ability to successfully 
complete the TSH are contingent on the remaining viable 
liver tissue and necessity to avoid hepatic insufficiency. 
Most of the major complications describe previously by the 
literature were due to liver failure following major tissue 
resection (14,25).

It is our belief that proper patient selection is vital 
to the avoidance of this fatal complication. Appropriate 

patient selection occurs at several levels. A comprehensive 
multidisciplinary preoperative patient assessment is of 
extreme importance to decide on the appropriateness of 
TSH. Patients with multiple bilateral lesions must be 
strenuously evaluated prior to proceeding to the operation. 
All patients (5/29) who failed to complete TSH in our 
cohort presented with bi-lobar disease, with at least 3 lesions 
in each lobe. Although some patients with similar lesions 
(29.1%) did complete TSH, it is possible that the presence 
of more than 3 lesions in each lobe should be considered a 
relative contraindication for the performance of TSH. This 
doesn’t necessarily deny eligibility of TSH for patients with 
more than 3 lesions, however it is clear that these patients 
must be scrutinized by a multidisciplinary team prior to 
deciding on surgery. An additional important issue is the 
assessment of patients’ preoperative general status. In this 
current cohort, all patients who failed to complete TSH 
suffered from chronic medical diseases, which may have 
significantly influenced their ability to recover from this 
major procedure and avoid postoperative complications. 
Following the first stage procedure and PVE, the multi-
disciplinary assessment should be revisited to rule out 
disease progression and verify left-sided hypertrophy prior 
to attempting RH. An additional factor that may influence 
outcomes is the timing of the colonic resection. In this 
current investigation, 80.0% of all major complications in 
the TSH group were related to the concomitant colonic 
resection and only 20% (n=1) was due to liver insufficiency. 
It is possible that this is an indication that the colonic 
resection should be performed separately. In Karoui et al.’s 
publication, 33 patients designated for TSH underwent 
colonic resection along with the first-stage procedure (26). 
Although the authors concluded that the performance 
of  concomitant  co lonic  resect ions  may improve 
outcomes, reduce the number of procedures and optimize 
chemotherapy administration, they did report a bowel leak 
rate of 2/33, which theoretically could have been avoided in 
the context of TSH by performing the colonic resection in 
a separate surgery. The timing of colonic resection remains 
a controversial issue and further investigation on larger 
numbers of patients is required to reach more definitive 
conclusions.

We believe that this investigation demonstrates the 
vital role of ablations in TSH. The high rates of associated 
morbidity in TSH are largely attributed to the performance 
of major hepatic resections on a chemotherapy-damaged 
liver. The utilization of ablative techniques allows hepatic 
sparing which is commonly not possible when performing 
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resections. They are also generally less time-consuming 
than resections, and thereby theoretically reduce the 
“operative trauma”. It is our strong believe that when 
aiming to perform TSH, when given the option between 
resection versus ablation, the hepatobiliary surgeon should 
opt for ablation (if the predicted oncologic outcome of both 
modalities seems comparable in that specific case). We are 
convinced that our liberal use of ablative modalities has 
led to our very low rates of post-TSH hepatic failure. In 
addition, in cases of necessary large left hepatic resections, 
we prefer not to perform the PVE in the same surgery and 
opt to perform it percutaneously a week later. 

Imai et al. attempted to identify risk factors for failure 
of TSH to increase the ability to optimize preoperative 
patient selection (27). Of their 125 patients planned for 
TSH, 44 patients (35.2%) could not proceed to the second 
stage, and their analysis showed that CEA greater than  
30 ng/mL, tumor size greater than 4 cm, the use of greater than 
12 chemotherapy cycles, and tumor progression under first-line 
chemotherapy were independent factors for TSH failure. 

This investigation has several limitations. Its retrospective 
nature makes it difficult to completely comprehend the exact 
decision-making process in patient management. Patients 
undergoing TSH represent a myriad of different cases, 
in which a wide variety of therapeutic modalities are 
attempted, making their uniform analysis challenging. 
The performance of simultaneous colorectal resection in a 
portion of the patients further adds to the heterogenicity 
of the study group. The relatively small patient groups 
make statistical analysis problematic, and it is possible that 
with larger patient groups, differences between the cohorts 
may be more obvious. An additional limitation is that 
our electronic database lacks certain information, such as 
documentation of post-PVE volumetric values, presence 
of intraoperative evidence of chemotherapy-associated 
liver injury, and occasionally number of chemotherapeutic 
cycles if administered outside of our institution. Finally, the 
fact that two oncologically-different patient populations 
were compared may be considered a flaw of the study. 
That said, the ultimate objective was to demonstrate the 
non-inferiority of TSH with regard to postoperative 
complication rate. Due to paucity of similar reports, we 
believe that this investigation represents an important 
addition to the literature.

Conclusions

In carefully-selected patients with bi-lobar CRC liver 

metastases, TSH seems to be a relatively safe procedure 
with acceptable morbidity and mortality rates comparable 
to patients undergoing sole RH. Liberal use of ablative 
techniques for left lobe clearance is recommended, in order 
to reduce operative trauma and maximize FLR. Factor 
such as number of lesions, comorbidities and the timing 
of colonic resection should be considered and evaluated in 
order to improve the outcomes of the procedure.
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