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abstraCt

background
During laparoscopic right hemicolectomy, most surgeons perform an extracorporeal 
anastomosis. A totally laparoscopic procedure with intracorporeal anastomosis may im-
prove cosmesis because midline- or para-umbilical incisions can be avoided. Here, we 
investigate the safety of an intracorporeal anastomosis from a technical and oncological 
perspective.

methods
All patients who underwent right hemicolectomy with intracorporeal anastomosis be-
tween 2003-2011 were retrospectively analyzed. Parameters were duration of surgery, 
intraoperative blood loss, mortality and morbidity. Adequacy of oncologic resections was 
scored by resectional margins and number of harvested lymph nodes.

results
A total of 162 patients were included with a median age of 69 years (IQR60-76). The 
duration of surgery was 100 minutes (80-120) and intraoperative blood loss was 30 mL 
(10-100). Hundred-twenty patients (74%) underwent an oncologic resection. Number of 
harvested lymph nodes was 12 (9-18). R0-resection was achieved in 100%. Four patients 
died (2.5%). Postoperative complications were: anastomotic leakage (3.1%;n=5), ileus 
(4.9%; n=8), abscesses (2.5%; n=4), wound infection (3.1%; n=5) and cardiopulmonary 
complications (10.5%; n=17). Duration of oncological follow-up was 2.5 years (1.3-4.6). 
Local recurrence and overall survival rates at two years were 0.8% and 85.4%, respectively.

Conclusion
Right hemicolectomy with intracorporeal anastomosis is a technically and oncologically 
safe procedure with acceptable operating time and low mortality.
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intrOduCtiOn

Open and laparoscopic colectomy are two techniques applied for the resection of right 
sided colonic tumors. Previous studies have shown the benefits of laparoscopic surgery, 
despite the technically more demanding procedure. Advantages of laparoscopic surgery 
include diminished blood loss, less postoperative pain, less complications, quicker recov-
ery and shorter postoperative length of stay at the hospital.1-5 In most series of laparoscopic 
right hemicolectomy1-5, the hemicolon is externalized through a midline- or right para-
umbilical incision and the anastomosis is performed extracorporeally. An intracorporeally 
performed (totally laparoscopic) anastomosis carries the advantage that no externaliza-
tion of vital bowel with concomitant traction on the mesentery is necessary. Moreover, 
the extraction site of the resection specimen can be chosen to optimize cosmesis (e.g., a 
Pfannenstiel incision) and hence patient satisfaction. Surprisingly, there are few data in 
the literature on the outcome of a complete laparoscopic procedure with intracorporeal 
anastomosis. Several case-series have described totally laparoscopic right colectomy in 
adults with excellent morbidity and mortality and clinical results.6-11 Unfortunately, these 
studies are hampered by small patient numbers or short clinical follow-up. Thus, there 
remains a paucity of data on the benefits and oncological safety of laparoscopic right 
hemicolectomies with intracorporeal anastomosis.

In this study we investigated the safety of a complete laparoscopic procedure in terms 
of morbidity and mortality in a larger cohort of adult patients with right-sided colonic 
disease. We hypothesized that right hemicolectomy with intracorporeal anastomosis is a 
safe and adequate oncological procedure.

material and methOds

All consecutive adult patients who were eligible for a complete laparoscopic right hemi-
colectomy with intracorporeal anastomosis for benign or malignant colonic disease at the 
St. Antonius Hospital, Nieuwegein, the Netherlands, between January 2003 and Decem-
ber 2011 were included in this study. All procedures were performed by two experienced 
laparoscopic surgeons. Patients in whom preoperatively was decided to perform an open 
procedure and patients with preoperatively staged T4 colorectal tumors (according to the 
TNM staging system for colorectal cancer of the American Joint Committee on Cancer 
(AJCC)) were excluded from this study.12
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Outcomes were operating time, intraoperative blood loss, postoperative length of stay at 
the hospital, hospital readmission within 30 days, 30-day or in-hospital mortality, short-
term complications which were measured during the first 30 days after surgery using the 
Common terminology criteria for adverse events (CTCAE)13 and long-term oncological 
follow-up. Adequacy of oncologic resections was scored by resectional margins and 
number of harvested lymph nodes. Preoperative, intraoperative and postoperative data 
were collected from demographic data and review of clinical records, operative reports 
and histological data.

Laparoscopic assisted right colectomy was considered when the anastomosis was cre-
ated extracorporeal. In procedures with conversion to laparotomy unplanned incisions or 
incisions > 5cm were required and the anastomosis was created extracorporeally.

surgical technique
Pneumoperitoneum was established via the percutaneous insertion of a Verres needle. 
After adequate insufflation, a 10-mm umbilical camera port was inserted under visual 
control. Under direct visualization two to three ports were placed, including a 12-mm 
working port in the upper left abdomen and one or two 5-mm working ports in the 
right lower abdomen or supraumbilical region. The abdomen was then inspected for the 
localization of the tumor or inflammation and any signs of metastatic disease. The right 
colon and mesentery were mobilized in a medial-to-lateral fashion. After identification of 
the ileocolic, right colic, and right branch of the middle colic artery and veins, the vessels 
were divided near their origin. The terminal ileum and transverse colon were divided with 
an Endo-GIA stapler (Covidien, Dublin, Ireland). During the full laparoscopic procedure, all 
steps were completed intracorporeally. A side-to-side isoperistaltic anastomosis between 
the ileum and transverse colon was created by using the Endo-GIA stapler and single-
layer Vicryl sutures. In three patients a small incision in the right flank was necessary to 
mobilize a large tumor. In these patients the anastomosis was created intracorporeally 
and they were therefore included in the full laparoscopic group. In all but three cases the 
specimen was extracted through a Pfannenstiel incision.

statistical analysis
Values are given as number of patients or median with inter quartile range (IQR). The 
learning curve was expressed as the difference in operating time and intraoperative 
blood loss between the first half (January 2003- June 2007) and the second half (July 
2007- December 2011) of the study and was tested with the Mann-Whitney-U test. Overall 
survival was calculated with the Kaplan–Meier method. The data was analyzed with SPSS 
statistical software (SPSS Statistics Version 17.0, Inc., Chicago, Illinois, USA).



25

Laparoscopic right hemicolectomy with intracorporeal anastomosis

2

results

Patient and intraoperative characteristics
A total of 181 patients were eligible for inclusion in the study. In 90% (n=162) a full 
laparoscopic right hemicolectomy with intracorporeal anastomosis was performed. In 
three patients (2%) a laparoscopic assisted right hemicolectomy was performed and in 
16 patients (9%) conversion to laparotomy was required due to a large tumor, multiple 
adhesions, low visibility or unrecognizable anatomy. Since no intracorporeal anastomosis 
was created in these 19 patients, they were excluded from further analysis.

The group who underwent full laparoscopic surgery consisted of 67 males (41%) and 
95 females (59%) with a median age of 69 years (IQR 60-76). Forty-nine patients (30%) 
had a history of abdominal surgery for i.e. appendicitis, gallstones, previous abdominal 
malignancy, gynecological disease, etc. The duration of surgery was 100 minutes (IQR 80-
120) and intraoperative blood loss was 30 mL (IQR 10-100). Intraoperative blood loss was 
significantly reduced during the second half of the study, 25 mL (IQR 10-50) versus 50 mL 
(IQR 10-200), p=0.001. Baseline characteristics are summarized in table 1.

table 1. Summarized patient characteristics

intracorporeal anastomosis
(n = 162)

Sex: male/female (n) 67 (41.4%) / 95 (58.6%)

Age at surgery (years) 69 (60-76)

BMI 25.3 (22.3-30.4)

ASA-classification 2 (2-2)

Previous abdominal surgery (n) 49 (39.5%)

Pathology:

 Benign (n) 42 (25.9%)

 Malignant (n) 120 (74.1%)

Duration of surgery (min) 100 (80-120)

 First half of study (2003-june2007) 100 (85-125)

 Second half of study (july2007-2011) 95 (80-120)

Blood loss (mL) 30 (10-100)

 First half of study (2003-june2007) 50 (10-200)

 Second half of study (july2007-2011) 25 (10-50)

Values are given as number of patients (% of group) or median (inter quartile range). BMI body mass index, ASA 
American Society of Anaesthesiologists.
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Postoperative characteristics
The median length of hospital stay was 5 days (IQR 4-8). Nine patients (5.6%) were readmit-
ted to the hospital within 30 days, mainly due to intra-abdominal abscesses, ileus and one 
patient with anastomotic leakage. Postoperative complications were anastomotic leakage 
confirmed at relaparotomy in 3.1% (n=5), postoperative ileus in 4.9% (n=8), abscess for 
which surgical or radiologic drainage was required in 2.5% (n=4) and wound infection in 
3.1% (n=5). Cardiac complications such as cardiac decompensation and atrial fibrillation 
were seen in 3.1% (n=5). Pulmonary complications included pulmonary embolism and 
pneumonia and were observed in 7.4% (n=12). Four patients (2.5%), all with an ASA-score 
of 3, died postoperatively, of which 3 patients during the first half and one patient during 
the second half of the study. Two patients underwent relaparotomy because of intra-
abdominal abscesses and anastomotic leakage and died after respiratory insufficiency 
due to pneumonia or pulmonary embolism on day 19 and 30, respectively. One patient 
underwent relaparotomy due to small bowel perforation and postoperative course was 
further complicated by pulmonary embolism and pericardial effusion, which resulted in 
death on day 65. The fourth patient with pre-existent pulmonary and cardiac comorbidity 
died on day 7 after multiple organ failure. The postoperative data and complications are 
shown in table 2.

table 2. Postoperative characteristics

all patients
(n = 162)

Length of stay at the hospital (days) 5 (4-8)

Readmission < 30 days (n) 9 (5.6%)

Mortality (n) 4 (2.5%)

Complications (n)

 Anastomotic leakage 5 (3.1%)

 Ileus 8 (4.9%)

 Abscess 4 (2.5%)

 Wound infection 5 (3.1%)

 Cardiac complication 5 (3.1%)

 Pulmonary complication 12 (7.4%)

Values are given as number of patients (% of group) or median (inter quartile range).

Pathologic results and oncologic outcomes
Histopathology revealed benign disease in 26% (n=42), including diverticulitis, Crohn’s 
disease or benign tumours. Hundred-twenty patients (74%) underwent resection for ma-
lignant disease. Results are depicted in table 3. A R0-resection was achieved in 100% of the 
patients with malignant disease. The median number of harvested lymph nodes was 12 
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(IQR 9-18). In 88 patients (73%) more than 10 lymph nodes were harvested. Median dura-
tion of oncological follow-up was 2.5 years (IQR 1.3-4.6 years), with a maximum follow-up 
of 9.2 years. Of these patients, 96.7% were followed for at least one year, 68.3% for at least 
two years, 57.5% for at least three years and 42.5% for at least five years. The rate of local 
recurrence at two years was 0.8%. The overall survival rate at two years was 85.4% for all 
stages (figure 1), 78.9% for stage I, 94.1% for stage II and 79.3% for stage III (figure 2).

disCussiOn

In our study, we investigated the safety and outcome of patients who underwent lapa-
roscopic right hemicolectomy with intracorporeal anastomosis in a period of 9 years. A 
total of 181 patients were included in this study of which 162 patients underwent full 
laparoscopic surgery. To our knowledge, larger patient series with an intracorporeal anas-
tomosis in right hemicolectomy have not been described. We have found in this study 

table 3. Oncologic resections

malignant disease
(n = 120)

TNM Stage I 32 (26.7%)

 Stage II 48 (40.0%)

 Stage III 40 (33.3%)

T- stage

 Stage T1 7 (5.8%)

 Stage T2 29 (24.2%)

 Stage T3 63 (52.5%)

 Stage T4 or metastasis 21 (17.5%)

N-stage

 Stage N0 80 (66.7%)

 Stage N1 28 (23.3%)

 Stage N2 12 (10.0%)

Lymph nodes 12 (9-18)

Tumorpositive lymph nodes 0 (0-1)

R0-resection 120 (100%)

Follow-up

 Mean duration of follow-up (years) 2.5 (1.3-4.6)

 Local recurrence at 2 years 1 (0.8%)

 Metastatic disease after 1 year of follow-up 14 (11.7%)

Values are given as number of patients (% of group) or median (IQR). T1-4 according to the TNM-classification.
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figure 1. Overall survival according to all TNM stages.

figure 2. Overall survival according to TNM stage I, II or III.
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that complete laparoscopic right hemicolectomy with intracorporeal anastomosis is an 
oncologically safe procedure in which R0-resection was achieved in 100% of the patients 
with a median number of 12 harvested lymph nodes.

The benefits of laparoscopic surgery compared with open procedures have extensively 
been described in the literature.1-5,14,15 Minimally invasive surgical procedures with an 
extracorporeal anastomosis are increasingly accepted in the treatment of right sided co-
lonic disease. However, a small number of previous studies have suggested the potential 
benefits and short-term clinical safety of intracorporeal anastomosis compared with lapa-
roscopic assisted or open procedures.6-10 Our results are in accordance with these data, 
with a median duration of surgery for the group with intracorporeal anastomosis of 100 
minutes and minimal intraoperative blood loss, which was improved during the second 
half of the study. The postoperative length of stay observed in this study was consistent 
with previous described studies. The limited data of studies comparing intracorporeal 
versus extracorporeal anastomosis show that the length of hospital admission is not af-
fected by the type of anastomosis.7-8 Anastomotic leakage was seen in 5 patients (3.1%) 
with full laparoscopic surgery. This incidence is slightly higher compared with previous 
studies on relatively small numbers.7-10 All of these patients were classified ASA score 2 or 
3, two patients had a history of abdominal surgery and two other patients were operated 
for Crohn’s disease. Four patients with pre-existent comorbidity died in our study, all due 
to postoperative major complications. In addition, there was a reduction of postoperative 
complications in the second half of the study compared with the first half.

Several studies comparing open versus laparoscopic right hemicolectomy for colon 
cancer have shown that laparoscopic surgery is an oncologically safe procedure with no 
significant differences in the number of removed lymph nodes or tumor-free resection 
margins.16-17 Nakamura et al described in a retrospective case-control study that the recur-
rence rate and disease free survival were not significantly different between open and 
laparoscopic oncological resections.16 In our study R0-resection was achieved in 100%. 
The number of harvested lymph nodes and overall survival is in the range with the lit-
erature.7,10,18 Therefore we can conclude that the full laparoscopic right hemicolectomy is 
an adequate safe oncological procedure. The overall survival rate at two years was lower 
for stage I (78.9%) compared to stage II (94.1%). This may be explained by small patient 
groups and a higher ASA score with more comorbidity in patients with stage I. Mortality 
during the first two years after surgery in this group was mostly the result of non-cancer 
related causes.
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One of the advantages of performing an intracorporeal anastomosis is that midline- or 
paraumbilical incision can be avoided since the extraction site of the resection specimen 
can be chosen, which improves cosmesis. In our study the extraction site of the specimen 
was preferably via a Pfannenstiel incision. Scatizzi et al described in a recent case-control 
study a significantly improved cosmesis and patient comfort in favor of the intracorporeal 
anastomosis.8 A study by Hellan including 80 patients who underwent right hemicolec-
tomy (23 patients with intracorporeal and 57 patients with extracorporeal anastomosis) 
demonstrated similar complication rates for both groups with significant shorter incision 
length (p=0.004) in the group with intracorporeal anastomosis.7

COnClusiOn

In conclusion, our data suggest that a full laparoscopic right hemicolectomy with in-
tracorporeal anastomosis performed by experienced surgeons is a technically safe and 
oncologically adequate procedure.



31

Laparoscopic right hemicolectomy with intracorporeal anastomosis

2

referenCes

1. Lacy AM, Garcia-Valdecasas JC, Delgado S, et al. Laparoscopy-assisted colectomy versus open colectomy for 
treatment of non-metastatic colon cancer: a randomized trial. Lancet 2002; 359: 2224-2229.

2. Lacy AM, Delgado S, Castells A, et al. The long-term results of a randomized clinical trial of laparoscopy-
assisted versus open surgery for colon cancer. Ann Surg 2008; 248(1): 1-7.

3. Cost Study Group. A comparison of laparoscopically assisted and open colectomy for colon cancer. N Engl 
J Med 2004; 350: 2050-2059.

4. The Colon Cancer Laparoscopic or Open Resection Study Group. Laparoscopic surgery versus open surgery 
for colon cancer: short-term outcomes of a randomized trial. Lancet Oncol 2005; 6: 477-484.

5. Colon Cancer Laparoscopic or Open Resection Study Group. Survival after laparoscopic surgery versus 
open surgery for colon cancer: long-term outcome of a randomized clinical trial. Lancet Oncol 2009; 10: 
44-52.

6. Grams J, Tong W, Greenstein AJ, et al. Comparison of intracorporeal versus extracorporeal anastomosis in 
laparoscopic-assisted hemicolectomy. Surg Endosc 2010; 24(8): 1886-1891.

7. Hellan M, Anderson C, Pigazzi A. Extracorporeal Versus Intracorporeal Anastomosis for Laparoscopic Right 
Hemicolectomy. JSLS 2009; 13: 312-317.

8. Scatizzi M, Kröning KC, Borrelli A, et al. Extracorporeal Versus Intracorporeal Anastomosis after Laparoscopic 
Right Colectomy for Cancer: A Case-Control Study. World J Surg 2010; 34: 2902-2908.

9. Bergamaschi R, Schochet E, Haughn C, et al. Standardized Laparoscopic Intracorporeal Right Colectomy for 
Cancer: Short-Term Outcome in 111 Unselected Patients. Dis Colon Rectum 2008; 51(9): 1350-1355.

10. Fabozzi M, Allieta R, Brachet Contul R, et al. Comparison of short- and medium-term results between lapa-
roscopically assisted and totally laparoscopic right hemicolectomy: a case-control study. Surg Endosc 2010; 
24: 2085-2091.

11. Ikeda T, Kabasima A, Ueda N, et al. Totally laparoscopic colectomy with intracorporeal anastomosis achieved 
using a laparoscopic linear stapler: experience of a single institute. Surg Today 2012; 42: 41-45.

12. American Joint Committee on Cancer (AJC). Colon and rectum. In: Edge SB, Byrd DR, Compton CC, Fritz AG, 
Greene FL, Trotti A, eds. AJCC Cancer Staging Manual, 7th ed. New York, USA: Springer; 2010.

13. Cancer Therapy Evaluation Program of the National Cancer Institute. Common terminology criteria for 
adverse events (CTCAE) version 4.03, 2010, Bethesda, Maryland, USA.

14. Tong DKH, Law WL. Laparoscopic Versus Open Right Hemicolectomy for Carcinoma of the Colon. JSLS 2007; 
11: 76-80.

15. Tan W-S, Chew M-H, Ooi B-S, et al. Laparoscopic versus open right hemicolectomy: a comparison of short-
term outcomes. Int J Colorectal Dis 2009; 24: 1333-1339.

16. Nakamura T, Onozato W, Mitoma H, et al. Retrospective, Matched Case-Control Study Comparing the 
Oncologic Outcomes Between Laparoscopic Surgery and Open Surgery in Patients with Right-Sided Colon 
Cancer. Surg Today 2009; 39: 1040-1045.

17. Abdel-Halim MRE, Moore HM, Cohen P, et al. Impact of laparoscopic right hemicolectomy for colon cancer. 
Ann R Coll Surg Engl 2010; 92: 211-217.

18. Cho JH, Lim DR, Hur H, et al. Oncologic Outcomes of a Laparoscopic Right Hemicolectomy for Colon Cancer: 
Results of a 3-Year Follow-up. J Korean Soc Coloproctol 2012; 28(1): 42-48.




