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Purpose: It is believed that blood from the superior mesenteric vein and splenic vein mixes incompletely in the portal vein
and maintains a streamline flow influencing its anatomic distribution. Although several experimental studies have demon-
strated the existence of streamlining, clinical studies have shown conflicting results. We investigated whether streamlining
of portal vein affects the lobar distribution of colorectal liver metastases and estimated its impact on survival.

Methods: Data of patients who underwent hepatectomy for colorectal liver metastases were retrospectively collected. The
chi-square test was used for analyzing the distribution of metastasis. Cox analysis was used to identify risk factors of sur-
vival. Fisher exact test was used for subgroup analysis comparing hepatic recurrence.

Results: A total of 410 patients were included. The right-to-left ratio of liver metastases were 2.20:1 in right-sided colon
cancer and 1.39:1 in left-sided cancer (P = 0.017). Cox analyses showed that margin < 5 mm (P < 0.001; 95% confidence
interval [Cl], 1.648-4.884; hazard ratio [HR], 2.837), age = 60 years (P = 0.004; 95% Cl, 1.269-3.641; HR, 2.149), N2 status (P
< 0.001, 95% Cl, 1.598-4.215; HR, 2.595), tumor size = 45 mm (P = 0.014; 95% Cl, 1.159-3.758; HR, 2.087) and other meta-
stasis (P =0.012; 95% Cl, 1.250-5.927; HR, 2.722) were risk factors of survival. However, in 70 patients who underwent right
hemihepatectomy for solitary metastasis, left-sided colorectal cancer was a risk factor (P = 0.019; 95% Cl, 1.293-17.956;
HR, 4.818), and was associated with higher recurrence than right-sided cancer (43.1% and 15.8%, respectively, P = 0.049).
Conclusion: This study showed significant difference in lobar distribution of liver metastases between right colon cancer
and left colorecral cancer. Furthermore, survival of left-sided colorectal cancer was poorer than that of right-sided cancer
in patients who underwent right hemihepatectomy for solitary metastasis. These findings can be helpful for clinicians plan-

ning treatment strategy.
[Ann Surg Treat Res 2017;92(5):348-354]
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer
in males and the second most common in females, causing
608,700 global deaths in 2008 [1]. Liver is the most common
site of metastasis, and nearly 50% of stage IV CRC cases are
metastasized only to the liver [2]. Although stage IV cancer is
generally considered uncontrollable, the idea of resecting the

primary CRC and liver metastasis for potential cure has gained
wide acceptance as a safe and successful treatment [34].

One of the areas of interest in CRC is the route of metastasis.
The venous drainage from the right and transverse colon
flows into the superior mesenteric vein (SMV), while venous
drainage from the left colon and upper rectum flows into the
inferior mesenteric vein (IMV). The portal vein (PV) is formed
by the confluence of the SMV and the splenic vein (SV). Based
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on the double origin of the PV, studies have demonstrated
the segregation of blood streams within the PV, the so called
“streamline flow" [5-7]. It has been theorized that venous blood
flows from the SMV and the IMV mix incompletely in the PV,
resulting in disproportionate lobar distribution within the liver
(Fig. 1). Copher and Dick [5] reported an experiment visualizing
separate streams of blood flow of the PV after injecting trypan
blue into its tributaries in dogs. As a human study, Moore and
Bridenbaugh [7] performed portal venography and suggested
that streamline flow exists, based on the finding that the SV
flows mainly into the left lobe of the liver, whereas the SMV
flows mainly into the right. In 2012, a study calculating the
diameters of the main venous structures also suggested the
existence of streamline flow [g].

Clinical studies investigating such a streamline flow have
been published [9-13]. Dionne published a study analyzing the
pattern of hematogenous metastasis of rectal cancer, finding
no difference in the lobar distribution within the liver [9].
However, the study only included rectal cancer, which drains
mainly into the systemic circulation, not the PV. A postmortem
study by Schulz et al. [11] also reported no evidence of different
lobar distribution based on autopsy findings that showed
1,571 metastatic tumors in 26 livers. However, the study had a
limitation that the subjects were mortality cases, which reflects
the progressiveness, limiting its interpretation. Recent studies
of Shirai et al. [12] and Konopke et al. [10] showed positive
results in the analysis of 195 tumors from 85 patients and 264
tumors from 179 patients, respectively. In contrast, Wigmore
et al. [13] found no relationship after analyzing 708 metastases
in 207 patients. The overall results of these previous studies
illustrate the uncertainty of the clinical significance of the
'theoretical' streamline flow.

Therefore, we investigated whether streamline flow of the
PV affects the lobar distribution of metastases by analyzing

patients with colorectal liver metastasis (CLM) who underwent
hepatectomy. Furthermore, we aimed to determine a clinical
implication of the streamline flow by estimating its impact on
survival.

METHODS

Patients
Data were retrospectively collected from the database of

the institution. The included patients underwent curative
hepatectomy for CLM from January 1995 to December 2012 at
Samsung Medical Center, Seoul, Korea.

Patients who only underwent biopsy were excluded. Patients
who underwent radiofrequency ablation were also excluded due
to possible misdiagnosis. For the same reason, patients who
were pathologically negative for CLM after hepatectomy were
also excluded.

Primary tumor of the colon

Patients who had CRC located between the cecum and upper
rectum were included, while mid-to-lower rectal cancers were
excluded because of the different venous outflow. We only
included patients in whom rectal cancer was located 11 cm or
more from the anal verge. Tumor location was based on review
of medical and operative records. Patients with cancer located
between the cecum and transverse colon were included in the
right colon group, while patients with cancer located between
the splenic flexure and upper rectum were included in the left
colorectum group. Staging was based on the guidelines of the
American Joint Committee on Cancer 7th edition, and the data
was based on review of pathology reports.

Liver metastasis
The location of metastasis was determined based on

Fig. 1. “Streamline flow of the
PV” is a theory stating that blood
from the superior mesenteric
vein (SMV) and inferior mesen-
teric vein (IMV) mix incomple-
tely in the PV, resulting in dis-
proportionate lobar distribution
within the liver. The SMV distri-
butes mainly to the right lobe
compared to the IMV, which sup-
plies both hemilivers similarly.
PV, portal vein; SV, splenic vein;
SMV, superior mesenteric vein;
IMV, inferior mesenteric vein;
RPV, right PV; LPV, left PV.
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Cantlie's line, after reviewing preoperative imaging, operation
records, and pathology reports. When a tumor extended
beyond Cantlie’s line, the center core was the key for judging
the location. Only the first hepatectomy was included when a
patient underwent multiple hepatectomies due to recurrence.

Prognostic factors of survival
To evaluate the prognostic factors of CLM, data related

to survival were reviewed. Patient age, sex, T stage, N stage,
pre- and postoperative CEA levels, presence of additional
metastatic organs at the time of hepatectomy, size and number
of metastatic tumor, resection margin, type of operation,
recurrences, death, and follow-up duration were collected. Pre-
and postoperative CEA levels included those of both colectomy
and hepatectomy. Follow-up duration was defined as months
between hepatectomy and final follow-up or death.

The continuous variables were divided into 2 groups at the
point where they had the minimal P-value. Therefore, age
was divided based on a cutoff of 60 years, while dominant
tumor size and margin were divided based on 45 mm and 5
mm, respectively. The number of metastases was divided into
single and multiple metastases. Serum CEA levels before both
colectomy and hepatectomy were divided based on 10 ng/mL,
while postoperative levels were divided based on 5 ng/mL.

Statistical analysis
Chi-square test with Yates' continuity correction was used in

analyzing the difference in lobar distribution of liver metastasis
of CRC. Cox proportional hazard ratio was used in analyzing
risk factors of survival.

In the subgroup analysis, all the factors shown to be related
to survival were included along with primary tumor location
and were analyzed with Cox analysis. Fisher exact test was used
for analyzing the relation of primary tumor location and hepatic
recurrence in the subgroup analysis. Statistical analyses were
performed using SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 571 patients underwent curative hepatectomy for
CLM. Of these, 161 had mid-to-lower rectal cancer, leaving
410 patients to be included in the study. Most of the patients
included in the study experienced metastases only in the liver,
while 28 patients also had lung metastases.

The mean follow-up period was 39.9 months (median,
30.5 months). The mean age was 58.8 years (median, 60.0
years), ranging from 26 to 82 years. The mean number of liver
metastasis was 159, ranging from 1 to 6. The mean size of liver
metastasis was 3.290 cm (median, 2.60 cm), ranging from 04 to
19 cm. The mean resection margin was 1.39 cm (median, 1.00
cm), ranging from positive margin to 10 cm. Data on margins

were absent in 64 patients.

Table 1 summarizes the characteristics of the patients and
shows no significant differences in demographics or charac
teristics between right-sided colon cancer and left-sided CRC
except death and presence of other metastasis at the time of
hepatectomy. There were 50 (41.3%) and 88 deaths (30.4%) from
right and left CRC, respectively (P = 0.044). Fourteen patients
with right CRC (11.6%) experienced other metastases, while 15
patients with left CRC (4.8%) experienced such metastases (P =
0.025). However, age, number of metastases, size of metastatic
tumor, margin, follow-up period, CEA level, and CA 19-9 level
were not significantly different between the 2 groups.

Six hepatic surgeons performed the surgeries during the
period. A total of 33 cases were performed as a laparoscopic
hepatectomy. Preoperative CT and MRI were performed,
and intraoperative ultrasonography was used for complete
resection in selected patients. The principle of resection was
to obtain an adequate margin while preserving the liver as
much as possible. Among 63 patients who experienced bilobar
metastases, 33 underwent minor resection; 15 underwent right
hemihepatectomy with minor resection of left-side metastasis; 6
underwent left hemihepatectomy with minor resection of right-
side metastasis; 5 underwent extended left hemihepatectomy;
and 4 underwent extended right hemihepatectomy. Every
patient received adjuvant chemotherapy.

Kaplan-Meier survival curve showed 1-year survival rate (YSR),
2YSR, and 5 YSR of 95.2%, 81.9%, and 55.8%, respectively.

Lobar distribution of CLM
The lobar distribution of CLM is summarized in Table 2.

Right-sided colon cancer was diagnosed in 121 patients; 11 in
the cecum, 67 in the ascending colon, 18 in the hepatic flexure,
and 25 in the transverse colon. Left-sided CRC was diagnosed
in 289 patients; 8 in the splenic flexure, 14 in the descending
colon, 192 in the sigmoid colon, 42 in the rectosigmoid colon,
and 33 in the upper rectum.

A total of 652 metastases were histologically confirmed in
the specimens. There were 398 metastases (61.0%) found in
the right hemiliver, whereas 254 metastases (39.0%) were con-
firmed in the left. The total ratio of right to left hemilivers was
1571

In right-sided colon cancer, 123 and 56 metastases were found
in the right and left hemilivers, respectively. On the other hand,
left-sided CRCs had 275 metastases to the right hemiliver and
198 metastases to the left hemiliver. The ratio of right and left
hemilivers was 2.20:1 in right-sided colon cancer and 1.39:1 in
left-sided CRC. Chi-square test with Yates' continuity correction
showed a significant difference in lobar distribution between
right and left CRCs (P = 0.017).



Table 1. Demographics and characteristics of patients with colorectal liver metastases based on site of primary colorectal
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cancer
Variable Right Left P-value

Sex 0.859

Male 71 (58.7) 174 (60.2)

Female 50 (41.3) 115 (39.8)
Mean age (yr) 59.56 58.41 0.332
Mean follow-up (mo) 45.17 37.70 0.056
Death 50/121 (41.3) 87/289 (30.1) 0.037
Mean number of liver metastases 1.47 1.64 0.106
Bilobar liver metastases 12/121 (9.9) 51/289 (17.6) 0.067
Presence of extrahepatic metastasis 14/121 (11.6) 15/289 (4.8) 0.025
Mean size of liver metastasis 3.2157 3.3206 0.707
Mean resection margin 1.4373 1.3742 0.706
T stage 0.612

T1 1(0.9) 1(0.4)

T2 2(1.7) 11 3.9

T3 4 (80.3) 218 (77.3)

T4 0(17.1) 52 (18.4)
N stage 0.466

NO 40 (34.2) 81 (28.7)

N1 38 (32.5) 91 (32.3)

N2 39 (33.3) 110 (39.0)
Preoperative CEA

Colectomy 48.2310 54.2766 0.808

Hepatectomy 52.0167 49.3819 0.903
Postoperative CEA

Colectomy 17.1741 12.1620 0.550

Hepatectomy 8.8958 8.4177 0.923

Values are presented as number (%) unless otherwise indicated.

Table 2. The difference in lobar distribution of liver meta-
stasis of colon cancer according to primary tumor site

R.Ight Feft Total  Ratio”  P-value
liver liver
Right colon 123 56 179 2.20:1 0.017
Left colorectum 275 198 473 1.39:1
Total 398 254 652 1.57:1

“Right:left.

Prognostic factors of survival
Potential risk factors of survival were analyzed with Cox an-

alysis. In the univariable analysis, sex, age, presence of other
metastasis, size, margin, N2 nodal status, and perioperative
CEA level were related to survival. Multivariable analysis was
performed with the factors that were related to survival in the
univariable analysis. In the multivariable analysis, age = 60
years (P = 0.004; hazard ratio [HR], 2.149), additional distant
metastasis (P = 0.012; HR, 2.722), dominant tumor size = 45
mm (P = 0.014; HR, 2.087), margin < 5 mm (P < 0.001; HR,
2.837), and N2 status (P < 0.001; HR, 2.595) were significant
risk factors related to survival,

The results of univariable and multivariable Cox analyses
comparing risk factors of survival are summarized in Table 3.

Subgroup analysis: right hemihepatectomy for

solitary metastasis
If the lobar distribution of CLM is different between right

colon cancer and left CRC, we hypothesized that patients with
certain conditions would have different rates of recurrence and
survival depending on primary tumor location. For instance,
in patients who underwent right hemihepatectomy and thus
only have left PV and left hemiliver, the possibility of having
undetected metastasis in the remnant liver might be higher
in those with a primary tumor located in the left colorectum
compared to the right colon. Therefore, we performed a
subgroup analysis for this specific group.

A total of 70 patients underwent right hemihepatectomy for
solitary liver metastasis. Nineteen patients had right CRC, while
51 patients had left CRC. Death occurred in 5 of 19 patients
(26.3%) and 21 of 51 patients (41.2%) with right and left CRC,
respectively. The median follow-up period was 34 months,

Factors associated with survival in the previous analysis were
included in the subgroup analysis along with primary tumor
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Table 3. Univariable and multivariable analyses with Cox proportional hazard ratio comparing potential risk factors of sur-

vival in colorectal liver metastasis

Univariate
Variable Patients
HR 95% Cl
Sex
Female 165
Male 245 0.615 0.438-0.864
Age (yr)
<60 204
>60 206 1.789 1.270-2.520
Primary tumor
Right 121
Left 289 0.862 0.516-1.439
Metastasis
Unilateral 347
Bilateral 63 1.293 0.810-2.064
Single 260
Multiple 150 1.131 0.798-1.602
Liver only 382
Other organs 28 2.285 1.331-3.923
Size (mm)
<45 324
>45 84 1.647 1.125-2.413
Margin (mm)
>5 257
<5 89 1.969 1.323-2.930
N status
NO, N1 250
N2 149 1.742 1.231-2.466
Pre-CEA (ng/mL)
Colectomy
<10 192
>10 131 1.652 1.092-2.497
Hepatectomy
<10 206
>10 154 1.789 1.224-2.607
Post-CEA (ng/mL)
Colectomy
<5 287
>5 57 1.911 1.152-3.170
Hepatectomy
<5 312
>5 64 2.086 1.334-3.262

Multivariate
P-value HR 95% ClI P-value
0.005 0.276
1.335 0.794-2.246
0.001 0.004
2.149 1.269-3.641
0.569
0.282
0.489
0.003 0.012
2.722 1.250-5.927
0.010 0.014
2.087 1.159-3.758
0.001 <0.001
2.837 1.648-4.884
0.002 <0.001
2.595 1.598-4.215
0.017 0.672
1.191 0.531-2.673
0.003 0.814
1.106 0.478-2.561
0.012 0.368
0.548 0.148-2.082
0.001 0.610
1.370 0.408-4.594

Multivariable analysis was performed with the factors related to survival in the univariable analysis.

HR, hazard ratio; Cl, confidence interval.

location. The results are summarized in Table 4. Left-sided CRC
was a significant risk factor of survival compared to right-sided
colon cancer (P = 0.019; HR, 4.818). Other significant factors
included size = 45 mm (P < 0.001; HR, 13.035), margin < 5
mm (P < 0.001; HR, 17972), and additional distant metastasis (P
< 0.001; HR, 25.089). The survival curve of these patients based

on primary tumor location is visualized in Fig, 2.

To support our hypothesis regarding hidden metastasis in
the remnant liver, we compared the ratio of hepatic recurrence
in these patients. Three of 19 patients (15.8%) in the right colon
cancer group experienced hepatic recurrence, while 22 of 51
patients (43.1%) in the left CRC group demonstrated hepatic
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Table 4. Multivariable analysis with Cox proportional hazard
ratio comparing risk factors of survival in patients who under-
went right hemihepatectomy for solitary liver metastasis

No. of

Variable . HR 95% Cl P-value
patients

Age (yr) 0.783
<60 36
>60 34 1.142 0.445-2.928

Metastasis <0.001
Liver only 64
Other organs 6 25.089 4.466-140.950

Primary tumor 0.019
Right 19
Left 51 4.818 1.293-17.956

Size (mm) <0.001
<45 38
>45 32 13.035 3.405-49.892

Margin (mm) <0.001
>5 54
<5 7 17.972 5.035-64.147

N status 0.081
NO,N1 46
N2 22 2.345 0.900-6.107

HR, hazard ratio; Cl, confidence interval.

recurrence. Fisher exact test showed that the difference was
statistically significant (P = 0.049).

Likewise, we tried to analyze the effect of primary tumor
location in patients who underwent left hemihepatectomy for
solitary metastasis. However, it was impossible to draw out any
significant result because of the small number of patients.

DISCUSSION

This study showed significant difference in lobar distribution
of CLM based on primary tumor location, including 410
resectable cases, which is the largest number to date. Further-
more, this is the first study to show primary tumor location as
a factor related to survival. Due to the relatively higher rate of
metastasis to the left hemiliver, left-sided CRC has a higher risk
of undetected metastasis in the left hemiliver at the time of
right hemihepatectomy compared to right-sided colon cancer.
Our data also showed that patients who underwent right
hemihepatectomy for solitary metastasis had different rates of
hepatic recurrence depending on primary tumor location.

The concept of streamline flow suggests that venous flows
from the SMV and IMV mix incompletely in the PV, resulting in
a disproportionate blood supply to the right and left hemilivers.
The initial studies that were designed to support such a
hypothesis were experimental studies visualizing portal flow to
the liver [5,7].

Based on prior studies, some investigators have attempted
to demonstrate a statistical relationship between primary loca-

1.0 1
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Fig. 2. In 70 patients who underwent right hemihepatectomy
for solitary liver metastasis of colorectal cancer, left-sided
colorectal cancer was a significant risk factor of survival,
while right-sided colon cancer was not (P = 0.019; hazard
ratio, 4.818).

tion of CRC and lobar involvement of the liver, assuming that
streamline flow delivers cancer cells unequally to the right and
left hemilivers. The first published autopsy cases presented
disappointing results [9,14]. However, clinical studies have since
shown a possible relationship between primary tumor location
and liver metastasis. In the study of Shirai et al. [12], right-
sided colon cancer showed right lobe predominance in liver
metastasis, 29 to the right and 3 to the left, while left-sided CRC
had a right to left ratio of approximately 2:1. Two later studies
by Wigmore et al. [13] and Konopke et al. [10] demonstrated
conflicting results.

Our study was based on curiosity whether the conceptual
streamline flow can lead to difference in lobar distribution of
liver metastasis. The right to left ratio of liver metastases was
2.20:1 in right colon cancer and 139:1 in left CRC. A previous
study that calculated the liver volume of 1,000 living donors
in Korea showed that the proportion of right liver volume
was 05.3%, while that of left liver volume was 34.7%, a right
to left ratio of liver volume of 1.88:1 [15]. If liver metastasis is
distributed equally based on liver volume, the ratio should have
resulted similar to 1.88:1.

In addition to the streamline flow of PV, our study also
showed the importance of obtaining an adequate resection
margin. Patients who had <5 mm of margin had poorer survival
than the patients who had a margin =5 mm. This finding is
consistent with previous studies, except that they suggested
a safety margin >1 cm [2,16-19]. Nevertheless, the result
emphasizes the importance of the quality of surgery, which is
the only surgeon-dependent significant prognostic factor. Age,
N2 stage, tumor size, and presence of other metastasis were
also important factors related to survival in our study. These
factors were traditionally considered as important patient-
related factors related to survival [2,19,20]. Although some
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studies have reported the importance of CEA level [2,16,19], our
study only showed a relationship in the univariable analysis.

Our findings are noteworthy because, in part, they increase
the understanding of the initial pathway of hematogenous
metastasis of CRC. The subgroup analysis included 70 patients,
which is approximately one-sixth of the study population.
Although we should be cautious in interpreting the result, it is a
unique finding suggesting that, even in patients with the same
TNM stage who underwent the same surgery, prognosis can
be different based on primary tumor location. This significant
finding can help surgical and medical oncologists plan their
treatment strategy for individual patients.

Although our study showed a meaningful result in the

lobar distribution of CLM, more data from other institutions
are needed to verify its clinical significance. Our study has a
limitation in that it was a retrospective study. The difference in
lobar distribution cannot be directly attributed to streamline
flow. The small number of patients in the subgroup analysis
limits the validity of the result. Therefore, additional studies
from other institutions and a well-designed experimental study
of portal venous flow are needed to reach a valid conclusion.
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