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Abstract

Objective

Currently, no published studies have compared the clinical outcomes of the medial-to-lat-

eral approach (MA) and lateral-to-medial approach (LA) for open right hemicolectomy.

Thus, the present study aimed to assess whether one of these approaches has any poten-

tial benefits over the other.

Methods

A retrospective study was performed of all patients who underwent open right hemicolect-

omy with pathologically confirmed disease who met the eligibility criteria between June

2008 and June 2012. The population was divided into an MA group and an LA group by pro-

pensity scoring. We compared patient demographic and clinical characteristic variables

between the two groups and assessed short-term and long-term outcomes.

Results

A total of 450 patients (MA, n = 150; LA, n = 300) were evaluated. The operation time

(MA,138.4 minutesvs.LA,166.2 minutes; P < .05) and blood loss (MA,52.0mL vs. LA,

62.6mL; P < .05)were significantly lower in the MA group. No differences in the number of

harvested lymph nodes and oncologic outcomes were observed between the two groups.

Further subgroup analysis for stage III colon cancer revealed that the MA group had signifi-

cantly more retrieved lymph nodes (MA,18.8vs. LA,16.0; P = .028). There were no differ-

ences in other variables between the two groups.

Conclusions

The MA reduced operative time and blood loss compared with the LA. We thus concluded

that the MA provided short-term benefits compared with the LA in open right hemicolectomy

for right-sided colon cancer.
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Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the sec-
ond in females, with over 1.4million new cancer cases and 693,900 deaths estimated to have
occurred worldwide [1]. The incidence of colorectal cancer in China is rapidly increasing, and
colorectal cancer is the most frequently occurring gastrointestinal cancer in large cities, such as
Beijing and Shanghai [2,3]. Among them, right-sided colon cancer represents nearly one-third
of all cases, and surgery is the main treatment for this disease [4,5].

The traditional sequence used in open right hemicolectomy begins with lateral-to-medial
approach (LA)[6]. With the uptake of minimal access techniques, many laparoscopic surgeons
tried to use the medial-to-lateral approach (MA)[7,8,9]. Due to the rigorous indication recom-
mended by the National Comprehensive Cancer Network (Version 2.2015) for colon cancer,
many established specialist surgeons continue to perform open surgery with excellent out-
comes [10].

Recently, some studies have compared the safety and efficacy of the MA and LA in laparo-
scopic colorectal surgery, revealing that the MA provides some potential short-term advantages
[6,11,12,13,14,15].To our knowledge, no study has compared the MA and LA in open right
hemicolectomy. Therefore, the objective of the present study was to evaluate the potential ben-
efits of one of the approaches in a consecutive series of patients who underwent right open
hemicolectomy.

Patients and Methods

Study population and patient selection
A total of 450consecutive patients (MA,150 patients; LA,300 patients) who underwent open
right hemicolectomy for right-sided colon cancer at Zhongshan Hospital affiliated with Fudan
University, Shanghai, between June 2008 and June 2012 were included in our prospectively
constructed colorectal cancer (CRC)database. By propensity score analysis,300 patients who
underwent right open hemicolectomy were matched with150 patients with the MA. All of the
surgeries were performed by one surgical team from the General Surgery department of
Zhongshan Hospital affiliated with Fudan University. The approach selected for each patient
depended on the choice of chief surgeon. During the learning curve period the surgical team
visited Massachusetts general hospital at Harvard university in USA and AmbroiseParé Hospi-
tal at Paris V University to learn the MA and LA respectively. Therefore both of the approaches
performed in our study were considered to be standardized and practiced. Institutional review
board approval was obtained from Zhongshan Hospital, which is affiliated with Fudan Univer-
sity for this retrospective analysis. All patients provided written informed consent. All patients
with stage II colon cancer with poor prognostic factors and stage III colon cancer received che-
motherapy (5-fluorouracil based or capecitabine). The selection criteria for open right hemico-
lectomy include the following: obstructive colorectal cancer, cancer perforation, stage IV colon
cancer, and asynchronous or previous malignancies. Follow-up information was obtained
through outpatient visits or telephone inquiries at Zhongshan Hospital, Fudan University.
Perioperative clinicopathologic data, morbidity, mortality, and short-term and long-term
oncologic outcomes were compared between the MA and LA groups. All patients were assessed
preoperatively with fiberoptic colonoscopy; contrast-enhanced chest, abdominal, and pelvic
computed tomography; and rectum magnetic resonance imaging. In our study, the final diag-
nosis was based on pathological morphology and immunohistochemical assessment through
surgical specimen and intraoperative biopsy by two experienced pathologists.
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Procedures
For all patients, mechanical preparation of the colon was performed the day before surgery.

The following procedure was used for the medial-to-lateral approach (MA) for open right
hemicolectomy: The ileocolic pedicle was identified, exposing the ileocolic vessels. The mesen-
tery surrounding the vessels was transected, exposing a gap between the mesocolon and retro-
peritoneal fat. This was followed by blunt dissection of the avascular space up to the hepatic
flexure with identification of the duodenum and ligation and dissection of the ileocolic vessels
and the right branch of the middle colic vessels at their root. After transection of the gastrocolic
ligament, the hepatic flexure and lateral attachments of ascending colon were finally mobilized.

The following procedure was used for the lateral-to-medial approach (LA) for open right
hemicolectomy: The cecum and terminal ileum were mobilized cephalad. Dissection of the
Toldt fascia from the ileocecal junction to the hepatic flexure was followed by blunt dissection
to separate the mesocolon from the retroperitoneal fat. After identification of the duodenum,
the hepatic flexure and transverse colon were released, thus completing right colon mobiliza-
tion. Finally, the colon was ligated and anastomosis was performed.

Propensity score matching
The PSM approach for the present study proceeded in two steps. First, the propensity score of
each patient who underwent open right hemicolectomy was calculated based on a logistic
regression model, including age, gender, body mass index (BMI), American Society of Anes-
thesiologists(ASA) score, primary tumor location, largest size of primary tumor, histological
type, differentiation, tumor site, preoperative chemotherapy regimen, preoperative CEA, previ-
ous abdominal surgery,retrieved lymph nodes. These variables were chosen empirically based
on factors we believed to be important contributors to the operative difficulty risk of complica-
tions/mortalities and differences in oncologic outcomes. In the second step, the MA group
patients were matched 1:2 based on the closest propensity score to LA group patients. The pro-
cess of matching based on the propensity score yields a matched sample (1:2) that is better bal-
anced in the covariates included in the selection model.

Statistical Methods
Statistical analyses were performed using the SPSS statistical package (version 16.0;SPSS; Chi-
cago, IL). All P values were two-sided, and the significant level was specified as P<0.05 in all
analyses. Summary statistics were obtained using established methods and were represented as
percentages or mean values with standard deviation. The baseline characteristics and perioper-
ative and long-term oncologic outcomes of the matched data were compared using an indepen-
dent-sample t test (or Mann-Whitney U test) for continuous variables and chi-square analysis
or Fisher’s exact test for categorical variables. Survival rates were estimated using the Kaplan-
Meier method, and differences in survival curves were compared using the log-rank test.

Results

Clinicopathologic Characteristics
From June 2008 to June 2012, a total of 450 patients were studied, with the following distribu-
tion:150 patients in the MA group (33.3%) and 300 patients in the LA group (66.7%). There
were no significant differences in age(P = .56), sex(P = .51), BMI(P = .84), American Society of
Anesthesiologists grade(P = .78), tumor location(P = .48), previous abdominal surgery(P =
.89), preoperative chemotherapy(P = .69) or preoperative carcinoembryonic antigen (P = .67)
between the two groups, as shown in Table 1.
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Perioperative complications and short-term outcomes
After evaluating surgical perioperative outcomes and complications, we found that patients in
the MA group had a significantly shorter operative time (MA,138.4 minutes vs. LA,166.2 min-
utes; P< .05) and less blood loss (MA,52.0 mL vs. LA,62.6 mL; P< .05) than the LA group.
There were no significant differences in first flatus POD (P = .46), time to liquid diet (P = .07),
postoperative hospital stay (P = .27), complications during surgery (P = .86), minor postopera-
tive complications (P = .85), major postoperative complications (P = .81), or mortality within
30 days after surgery (P = .48), as shown in Table 2.

Postoperative Pathologic Results
The histologic differentiation of the tumor (P = .98), pT stage (P = .48), pN stage (P = .84),
TNM stage (P = .65), morphology (P = .37) and maximum tumor diameter (P = .23) did not
differ significantly between the two groups. In addition, there were no significant differences in

Table 1. Baseline Patient Demographics and Clinical Characteristics.

Characteristics LA Group (n = 300) MA Group (n = 150) p-Value

No. % No. %

Age(years) .56

Median 62.5 64.0

Range 24–84 26–86

Sex .51

Male 160 53.3 75 50.0

Female 140 46.7 75 50.0

BMI(weigh/height2) .84

Underweight 31 10.3 12 8.0

Normal 194 64.7 98 65.3

Overweight 46 15.3 26 17.3

Obese 29 9.7 14 9.4

ASA grade .78

I 61 20.3 31 20.7

II 238 79.4 119 79.3

III 1 .3 0 .0

Site of cancer .48

Ileocecum 70 23.3 28 18.7

Ascending colon 151 50.3 73 48.7

hepatic flexure of colon 67 22.3 42 28.0

Right side of transverse colon 12 4.1 7 4.6

Preoperative chemotherapy .69

FOLFOX 185 61.7 101 63.1

XELOX 36 12.0 15 9.4

Others 79 26.3 44 27.5

Previous abdominal surgery 92 30.7 45 30.0 .89

Preoperative CEA, ng/ml .67

<5 202 67.3 136 65.3

�5 98 32.7 68 34.7

Abbreviations: BMI:body mass index;ASA: American Society of Anesthesiologists, CEA:carcinoembryonic antigen; LA: lateral-to-medial approach; MA:

medial-to-lateral approach.

doi:10.1371/journal.pone.0145175.t001
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the median number of retrieved lymph nodes (MA, 17.0vs. LA, 16.9, P = .86) or number of pos-
itive lymph nodes (MA, 1.0vs. LA, 0.7, P = .12) between the two groups, as shown in Table 3.
Further subgroup analysis for stage II and stage III colon cancer revealed that for stage II can-
cer, there was no difference in number of harvested lymph nodes (MA, 17.0vs. LA, 17.6; P =
.55) between the two groups. However, for stage III cancer, the MA group had significantly
more retrieved lymph nodes (MA, 18.8vs. LA, 16.0; P = .028) and positive lymph nodes (MA,
3.4vs. LA, 2.2; P = .025), as shown in Table 4.

Long-term outcomes
Follow-up information until October 2014 was obtained for the 450 patients. Using the
Kaplan-Meier method, the 5-year overall survival (OS) rates of the MA and LA groups were

Table 2. Perioperative outcomes and complications.

Characteristics LA Group (n = 300) MA Group (n = 150) p-Value

Blood loss, mL .004

Median 62.6 52.0

SD 42.7 19.8

Duration of surgery, minutes .000

Mean 166.2 138.4

SD 27.9 12.7

First flatus POD Days .46

Mean 2.6 2.5

SD 0.6 0.7

Time to liquid diet, days .07

Mean 3.9 3.6

SD 2.0 0.7

Postoperative hospital stay, days .27

Mean 8.1 7.7

SD 4.2 2.1

Complications during surgery .86

Intraoperative hemorrhage (>500 mL) 1 0

Pulmonary insufficiency 1 1

Cardiac insufficiency 2 1

Poor visualization 3 2

Minor postoperative complications .85

Chyle leakage 24 12

Wound infection 4 2

Urinary tract infection 1 1

Chest infection 2 0

Paralytic ileus (IV fluids>7 days) 3 2

Major postoperative complications .81

Respiratory failure requiring ventilation 1 0

Renal failure requiring dialysis 1 0

Cardiac failure, myocardial infarction 1 0

Anastomotic leakage 2 2

Bowel obstruction requiring second surgery 1 1

Abdominal wall dehiscence requiring surgery 2 1

Mortality within 30days after surgery 1 0 .48

POD postoperative day

doi:10.1371/journal.pone.0145175.t002
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Table 3. Pathology Data.

Characteristics LA Group(n = 300) MA Group(n = 150) p-Value

No. % No. %

pT stage .48

1 15 5.0 6 4.0

2 21 7.0 8 5.3

3 13 4.3 3 2.0

4 251 83.7 133 88.7

pN stage .84

0 205 68.3 106 70.7

1 65 21.7 29 19.3

2 30 10.0 15 10.0

No. of retrieved lymph nodes .86

Mean 16.9 17.0

SD 8.3 7.6

No. of positive lymph nodes .12

Mean 0.7 1.0

SD 1.4 2.9

TNM stage .65

I 34 11.3 14 9.3

II 171 57.0 92 61.3

III 95 31.7 44 29.4

Differentiation .98

Well or moderate 245 81.7 120 80.0

Poor 55 18.3 30 20.0

Morphology .37

Protuberant mass 105 35.0 41 27.3

Ulcerative mass 176 58.7 100 66.7

Infiltrating mass 6 2.0 2 1.3

Fungating mass 13 4.3 7 4.7

Maximum tumor diameter, cm .23

<5 124 41.3 71 47.3

�5 176 58.7 79 52.7

doi:10.1371/journal.pone.0145175.t003

Table 4. Pathology Data for Stage II and Stage III colon caner.

Pathology Data for Stage II colon caner

Characteristics LA Group(n = 171) MA Group(n = 92) p-Value

No. of retrieved lymph nodes .55

Mean 17.6 17.0

SD 7.9 8.4

Pathology Data for Stage III colon caner

Characteristics LA Group(n = 95) MA Group(n = 44)

No. of retrieved lymph nodes .028

Mean 16.0 18.8

SD 6.9 7.5

No. of positive lymph nodes .025

Mean 2.2 3.4

SD 1.7 4.7

doi:10.1371/journal.pone.0145175.t004
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84% and 78% (P = .139), respectively, and the 5-year disease-free survival (DFS) rates were
76% and 65% (P = .138), respectively, as shown in Fig 1.

In subgroup analysis of stage II and stage III colon cancer, the 5-year OS of both stage II
right-sided colon cancer (MA, 88%vs. LA 82%; P = .532) and stage III colon cancer (MA,72%vs.
LA 62%; P = .621) were comparable between the MA and LA groups. Meanwhile, no difference
was found in the 5-year DFS rates for stage II right-sided colon cancer (MA, 79%vs. LA 78%; P =
.788) or stage III colon cancer (MA, 71%vs. LA 60%; P = .287), as shown in Figs 2 and 3.

Discussion
Our retrospective study demonstrated the feasibility and safety of MA for open right hemico-
lectomy. The MA reduced operative time and blood loss compared with the LA. Although the
MA for stage III colon cancer was associated with more retrieved lymph nodes compared with
the LA, the long-term oncologic outcomes between the groups were comparable. We thus con-
cluded that the MA has an outcome similar to the LA but has some short-term advantages.

With the development of surgical skills and instrumental technology, some laparoscopic
surgeons have performed the right hemicolectomy with good results using the MA but not the
LA in conventional open right hemicolectomy[14,16,17,18,19]. Some studies have compared
the two approaches in terms of safety, efficacy and oncologic outcomes in laparoscopic surgery,
reporting that the MA showed some potential short-term advantages[19]. Moreover, an Inter-
national Consensus Conference sponsored by the European Association of Endoscopic Surgery
(EAES) consensus issued a statement the MA is the preferred method during laparoscopic
colectomy[20]. Nonetheless, there has been no literature published that discusses the clinical
outcomes of the two approaches in open right hemicolectomy. We believe that our study is sig-
nificant because it represents the first retrospective study comparing the two approaches in
open right hemicolectomy.

Fig 1. Kaplan-Meier estimates of survival between the MA group and the LA group. Kaplan-Meier
analysis of OS(P = .139)and DFS(P = .138) between the MA group and the LA group.

doi:10.1371/journal.pone.0145175.g001

Fig 2. Kaplan-Meier estimates of survival between the MA group and the LA group for stage II colon
cancer. Kaplan-Meier analysis of OS(P = .532) and DFS(P = .788).

doi:10.1371/journal.pone.0145175.g002
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There are five published research studies comparing the MA and LA in patients who under-
went laparoscopic right hemicolectomy. In a retrospective comparative study lacking an LA
group, Pagazzi et al [14] supported the concept that the MA in laparoscopic right hemicolectomy
resulted in shorter operative time, lower conversion rates, and overall complication rates. Liang
et al [13] published the results of a phase II clinical trial regarding the utilization of the MA for
right-sided colon cancer. The authors encouraged the use of MA for patients requiring a laparo-
scopic right hemicolectomy. Rotholtz et al [6] reported that the MA significantly reduced the
operation time and time to intestinal recovery. Yan et al [11] published results showing that the
MA resulted in a shorter operative time and less blood loss in laparoscopic right hemicolectomy.
That study was the only randomized prospective trial comparing the MA and the LA in patients
undergoing laparoscopic right hemicolectomy. However, Ballantyne et al [18]showed that the
MA achieved the same outcomes as the LA in laparoscopic right hemicolectomy, but their study
was a retrospective comparative study with a limited number of patients. Our study revealed a
significantly shorter operative time and less blood loss in the MA group. Possible reasons for this
were as follows: a).with the MA, it was easy for the surgeon to keep the dissection at the bloodless
plane between the mesocolon and the retroperitoneum and to reduce blood loss accordingly[6];
b).less amount of bleeding was expected withMA during mobilization of the colon when ligating
the vessels primarily[11]; c).in some rare conditions in which the colonic tumor coexists with a
colonic inflammatory process (e.g., diverticulitis),the LAmight be difficult and dangerous
because the LA is blurred during the divisions[19]. Our results of operative time and blood loss
are in agreement with reported operation times in published studies.

Recently, some studies have investigated the effect of the harvested lymph node number on
oncologic outcome and have shown that an increased lymph node yield after surgery for stage
II and III colon cancer is associated with survival benefits[21,22]. We found no significant dif-
ferences in terms of the number of retrieved lymph nodes. In the further subgroup analysis for
stage II or stage III colon cancer, there was also no difference in median numbers of harvested
lymph nodes for stage II colon cancer. In contrast, the number of harvested lymph nodes of
stage III colon cancer patients was increased in the MA group compared with the LA group. A
few studies, including two prospective randomized controlled trials comparing MA and LA in
laparoscopic colorectal surgeries, have also shown no significant difference in number of har-
vested lymph nodes between the two groups [18,19].We speculated that the differences in
number of retrieved lymph nodes for stage III colon cancer might result from the more efficient
technique and superior surgical field in the MA group. However, whether MA can achieve
more lymph nodes for stage III colon cancer remained to be confirmed.

With respect to oncologic outcomes, the 5-year OS and 5-year DFS did not differ signifi-
cantly between the two groups either in the overall comparison or in the subgroup analysis for

Fig 3. Kaplan-Meier estimates of survival between the MA group and the LA group for stage III colon
cancer. Kaplan-Meier analysis of OS(P = .621) and DFS(P = .287).

doi:10.1371/journal.pone.0145175.g003
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stage II or stage III colon cancer. The 5-year OS in our study is in agreement with that of recent
studies reporting that approximately 47.4%-80% of patients with open right hemicolectomy
will survive five or more years [9,13,23,24,25]. The 5-year DFS mirrors results from other stud-
ies reporting that these patients actually achieved a DFS of nearly 50–84% [13,23,24,25]. The
number of retrieved lymph nodes of stage III colon cancer patients was more in the MA group.
However, the 5-year OS and 5-year DFS for stage III right-sided colon cancer between the two
groups showed no differences.

The appropriate surgical approach is an important part of the standardization of surgery,
which can better expose the surgical field [12]. We believe that our study is helpful for the stan-
dardization of open right hemicolectomy, as well as in shortening the learning curve and
achieving a better therapeutic effect. Although our study revealed that open right hemicolect-
omy with the MA has many advantages, we believe that the MA is applicable only for patients
with resectable cancer, and when it is not clear whether the lesions can be resected, the LA
should be used. Otherwise, if the surgeon applies a medial approach and ligates the major ves-
sels in the case of unresectable lesions, causing ischemia and necrosis at the devascularized
colonic segment, the surgeon will face an awkward dilemma.

There are some limitations of this study. First, our study was not a well-designed, multicen-
ter, randomized controlled trial, and our follow-up time was short. Second, in general, the sur-
geons initially performed the open right hemicolectomy using the LA, and the MA was used
during the surgeons’more advanced learning period, and this could have generated a bias as a
result of the learning curve.

Conclusions
In the current limited retrospective study, with shorter operative time and less blood loss, we
concluded that the MA provided short-term benefits compared with the LA in open right
hemicolectomy for right-sided colon cancer. The MAmight be an improvement over the previ-
ously used LA approach for surgeons performing open right hemicolectomy. However, it is
necessary to conduct well-designed, multicenter, prospective randomized controlled trials to
allow for a more convincing evaluation.
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