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Introduction

Gastrectomy is one of the most common major surgical
procedures in gastrointestinal surgery. In Japan, many
of these operations are performed through an upper
midline incision. However, a transverse incision has
been reported to be superior to a midline incision in
preventing postoperative intestinal obstruction. A
transverse incision was also recommended to improve
postoperative respiratory function, and to prevent
incisional hernia [1]. However, few studies have com-
pared these two methods in a prospective manner [2–4].
We performed a prospective randomized study to
evaluate the differences between these two incisional
methods for gastrectomy.

Patients and methods

Patients undergoing curative distal gastrectomy or total
gastrectomy for gastric cancer between June 1994 and
December 2003 at the Department of Surgery of Teikyo
University Hospital were recruited for this study. This
study protocol conformed to the ethical guidelines of
our hospital and the Helsinki declaration. The patients
were enrolled after informed consent had been ob-
tained. Patients who had undergone any major laparo-
tomy prior to gastrectomy were excluded.

The eligible patients were randomly allocated to have
either an upper midline incision or a transverse incision.
Upper midline incisions were generally performed from
the xiphoid process of the sternum to approximately
2cm below the umbilicus. Transverse incisions were
performed at approximately 2cm below the bilateral
costal arches. The surgical procedures of gastrectomy,
other than the method of laparotomy, were determined
by the attending surgeons. Incisional length was also
decided by the attending surgeons. A bioresorbable
membrane to prevent adhesions was not used. Both
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types of incision were closed layer-to-layer in two lay-
ers. In most of the patients, the peritoneum and fascia
were closed with a continuous 1-0 polydioxanone suture
(PDS; Ethicon, Somerville, NJ, USA). Skin was closed
with 2-0 or 3-0 silk interrupted stitches. The length of
the incision was measured after surgery. The opening
time was defined as the time from the start of the skin
incision to the completion of the peritoneal incision.
Closing time was defined as the time from the start of
the inner suture to the completion of the skin suture.
Staging of the disease was performed, using the TNM
classification, after surgery. Peripheral venous blood
was collected immediately after the operation and in the
morning on postoperative day (POD) 1, and the white
blood cell (WBC) count and levels of C-reactive protein
(CRP) and creatine phosphokinase (CK) were deter-
mined. The duration of continuous epidural analgesia
after surgery was also determined by the attending sur-
geons. Administration of postoperative analgesics, in
addition to continuous epidural analgesia, was decided
by the nursing staff, who were not aware of the details
of the study, according to the orders of the attending
surgeons and as demanded by the patients. The occur-
rence of major postoperative complications during the
perioperative period, including pneumonia and wound
infection, was recorded by the attending surgeons.
After discharge, all patients were followed up at our
hospital, and the occurrence of intestinal obstruction
necessitating readmission was recorded. The diagnosis
of postoperative intestinal obstruction was made based
on both physical examination and abdominal X-ray
findings. Only those patients who had been followed for
longer than 1 year after gastrectomy were included for
the analysis of the incidence of postoperative intestinal
obstruction. Cases of intestinal obstruction caused by
the recurrence of malignancy were excluded. The study
was terminated if the patient underwent another opera-
tion via laparotomy; otherwise, the study was termi-
nated on the day of the latest consultation at the
outpatient clinic of our hospital.

Data values are expressed as means � SE. Statistical
analysis was performed with Student’s t-test or the �2

test. A difference was considered significant if the P
value was less than 0.05.

Results

Patient characteristics

Distal gastrectomy. Two hundred and ninety-four pa-
tients who underwent distal gastrectomy were enrolled.
However, 16 patients were excluded from the analysis,
because the patients died after surgery while in hospital
or were transferred to other hospitals from our hospital

before discharge. Two other patients were revealed to
have not fulfilled the study criteria after surgery and
were also excluded. (A bioresorbable membrane was
used in 1 patient. The other patient was revealed to
have undergone major laparotomy.) Thus, 139 patients
undergoing midline incision (group-DM) and 137 pa-
tients undergoing transverse incision (group-DT) were
evaluated. There were no significant differences in age,
sex, stage of the disease, and postoperative follow-up
duration between group-DM and group-DT.

Total gastrectomy. One hundred and thirty-two patients
who underwent total gastrectomy were enrolled. How-
ever, 13 patients were excluded from the analysis, be-
cause the patients died after surgery while in hospital or
were transferred to other hospitals before discharge.
Thus, 60 patients undergoing upper midline incision
(group-TM) and 59 patients undergoing transverse inci-
sion (group-TT) remained for evaluation. There were
no significant differences in age, sex, stage of the dis-
ease, and postoperative follow-up duration between
group-TM and group-TT (Table 1).

Operative details

Distal gastrectomy. Times for both opening and closing
the abdominal cavity were significantly longer in group-
DT than in group-DM. The time taken for the surgical
procedures for gastrectomy other than the opening and
closing of the abdominal cavity was not different be-
tween these two groups. The total operative time was
not different between the two groups. Incision length
was significantly longer in group-DT than in group-DM.
Operative blood loss was not significantly different be-
tween the two study groups.

Total gastrectomy. Times for both opening and closing
of the abdominal cavity were significantly longer in
group-TT than in group-TM. However, both the
time for the surgical procedures other than opening
and closing the abdominal cavity and total operative
time were not significantly different between these two
study groups. Incision length was longer in group-TT
than in group-MT. Operative blood loss was not
significantly different between the two study groups
(Table 2).

Laboratory data

The WBC count on POD 1 was higher, and levels of CK
both immediately after distal gastrectomy and on POD
1 were higher in group-DT than in group-DM. The
levels of CK immediately after total gastrectomy and
on POD 1 were higher in group-TT than in group-TM
(Table 3).
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Postoperative analgesia

Distal gastrectomy. There was no significant difference
in the number of doses of postoperative analgesics from
the operative day to POD 3 between the two study
groups when all patients were considered. However, in
the patients in whom continuous epidural analgesia was
used from the operative day until POD 2 or longer, the
number of doses of additional postoperative analgesics

was significantly smaller in group-DT than in group-
DM.

Total gastrectomy. There was no significant difference in
the number of doses of postoperative analgesics from
the operative day until POD 3 between the two study
groups, even in patients receiving continuous epidural
analgesia (Table 4).

Table 1. Patient characteristics

Distal gastrectomy Total gastrectomy

Midline incision Transverse incision Midline incision Transverse incision
(n � 139) (n � 137) (n � 60) (n � 59)

Age (years) 62.5 � 1.1 63.4 � 1.0 64.8 � 1.2 63.0 � 1.2
Sex (male : female) 93 : 46 101 : 36 38 : 22 43 :16
Stage of cancer

I 89 (64.0%) 81 (59.1%) 12 (20.0%) 15 (25.4%)
II 16 (11.5%) 21 (15.3%) 10 (16.6%) 8 (13.6%)
III 21 (15.1%) 26 (19.0%) 15 (25.0%) 9 (15.3%)
IV 13 (9.4%) 9 (6.6%) 23 (38.3%) 27 (45.8%)

Follow-up duration (days) 1122 � 79 1033 � 76 725 � 106 781 � 114

No significant difference was found between the two incisional methods in either the distal gastrectomy group or total gastrectomy group
(Student’s t-test or �2 test)

Table 2. Operative details

Distal gastrectomy Total gastrectomy

Midline incision Transverse incision Midline incision Transverse incision

Operative time (min)
Opening 6.5 � 0.3 10.0 � 0.3** 6.6 � 0.6 10.1 � 0.5**
Closing 17.0 � 0.6 21.6 � 0.8** 18.0 � 1.1 21.8 � 1.0*
Other procedures 173.3 � 4.6 175.7 � 5.0 265.8 � 10.8 251.9 � 9.2
Total 196.4 � 4.7 207.3 � 5.0 290.5 � 11.1 283.8 � 9.6

Incision length (cm) 18.9 � 0.4 21.1 � 0.5** 22.5 � 0.8 26.3 � 0.8**
Intraoperative blood loss (ml) 319 � 21 329 � 27 769 � 66 980 � 172

*P � 0.05; ** P � 0.01 Versus midline incision for each operative method (Student’s t-test)

Table 3. Laboratory data immediately after surgery (postoperative day [POD] 0) and on POD 1

Distal gastrectomy Total gastrectomy

Midline incision Transverse incision Midline incision Transverse incision

POD 0
WBC (�102/mm3) 107.7 � 2.9 114.6 � 3.3 113.9 � 5.2 114.3 � 4.8
CRP (mg/dl) 0.5 � 0.1 0.4 � 0.1 0.8 � 0.2 0.7 � 0.1
CK (IU) 113 � 14 249 � 13** 142 � 13 288 � 21**

POD 1
WBC (�102/mm3) 106.5 � 2.1 116.2 � 2.6* 122.4 � 5.0 123.4 � 4.0
CRP (mg/dl) 7.9 � 0.3 8.2 � 0.3 8.9 � 0.4 10.2 � 0.6
CK (IU) 455 � 51 1206 � 101** 649 � 109 1182 � 181*

*P � 0.05; ** P � 0.01 Versus midline incision for each operative method (Student’s t-test)
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Postoperative complications

Distal gastrectomy. The incidence of postoperative
pneumonia was higher in group-DM than in group-DT.
The incidences of wound infection and of total postop-
erative major complications were almost equal in the
two groups. Wound dehiscence occurred in only one
patient, in group-DM. There was no case of incisional
hernia. The incidence of postoperative intestinal ob-
struction requiring readmission to hospital after dis-
charge was significantly lower in group-DT than in
group-DM. Of the patients with stage I–III cancer,
snone developed postoperative intestinal obstruction in
group-DT.

Total gastrectomy. The incidence of wound infection,
pneumonia, and total postoperative complications was
not different between the two groups. There was no
case of wound dehiscence or incisional hernia in either
group. In contrast to the distal gastrectomy patients, no
difference was found in the incidence of postoperative
intestinal obstruction between the two groups after to-
tal gastrectomy, even in the patients with early-stage
cancer (Table 5).

Table 4. Number of doses of postoperative analgesics

Distal gastrectomy Total gastrectomy

Midline incision Transverse incision Midline incision Transverse incision

All patients 3.3 � 0.2 2.9 � 0.2 4.0 � 0.4 3.4 � 0.3
(n � 139) (n � 137) (n � 60) (n � 59)

Patients with epidural analgesia 3.3 � 0.2 2.6 � 0.2* 3.7 � 0.4 3.1 � 0.3
(n � 100) (n � 115) (n � 48) (n � 50)

* P � 0.05 Versus midline incision in the distal gastrectomy group (Student’s t-test)
Number of doses of analgesics, excluding continuous epidural analgesia, from the operation day to postoperative day 3

Table 5. Postoperative complications

Distal gastrectomy Total gastrectomy

Midline incision Transverse incision Midline incision Transverse incision

Perioperative period
Wound infection 7/139 (5.0%) 7/137 (5.1%) 1/60 (1.7%) 5/59 (8.5%)
Pneumonia 9/139 (6.5%) 2/137 (1.5%)* 2/60 (3.3%) 4/59 (6.8%)
Total major complications 26/139 (18.7%) 19/137 (13.9%) 16/60 (26.7%) 20/59 (33.9%)

After discharge
Intestinal obstruction

All patients 12/139 (8.6%) 3/137 (2.2%)* 7/60 (11.7%) 3/59 (5.1%)
Stage I–III 9/126 (7.1%) 0/128 (0.0%)** 4/37 (10.8%) 3/32 (9.4%)

* P � 0.05; **P � 0.01 Versus midline incision (�2 test)
Number of patients with complication/total number of patients

Discussion

In the present study we compared midline incision
with transverse incision for gastrectomy. For both total
and distal gastrectomies a transverse incision needed a
longer time to open and close the abdominal cavity than
a midline incision; however, after distal gastrectomy,
the number of doses of postoperative analgesics was
smaller in the transverse-incision group than in the
midline-incision group in those patients with continuous
epidural anesthesia. The incidence of postoperative
pneumonia and postoperative intestinal obstruction
was lower in the transverse incision group after distal
gastrectomy. However, these beneficial effects of
transverse incision were not observed after total
gastrectomy.

Both the opening time and the closing time of the
incision were longer in the transverse-incision group
than in the upper midline-incision group in our study.
The WBC count and plasma CK level were higher in the
transverse-incision group than in the midline-incision
group. These results suggest that surgical stress or
muscle damage may be more severe with a transverse
incision than with a midline incision. However, total
operative time was not different between the two
incisional methods. Transverse incision did not increase
operative blood loss or postoperative complications.
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Thus, we believe that the more severe stress of a trans-
verse incision can be ignored in practice.

Halasz [2] reported that both the analgesic require-
ment and pulmonary complications after transverse in-
cisions were less than those after vertical incisions in his
prospective study. In contrast, Greenall et al. [5,6] re-
ported that the direction of the incision did not have a
significant effect on postoperative pulmonary complica-
tions. However, in their study, all patients undergoing
any major laparotomy were included, and they did not
use epidural analgesia. It was also reported that inter-
costal nerve block was more effective after subcostal
incisions than after midline incisions, for pain relief and
improvement in pulmonary function [7]. In our study,
we showed that a transverse abdominal incision was
superior to an upper midline incision for decreasing
pneumonia after distal gastrectomy and for attenuating
wound pain in patients receiving epidural analgesia
after distal gastrectomy. A transverse incision may be
more beneficial for pain relief and pulmonary function
during the immediate postoperative days than a midline
incision, especially in patients receiving continuous epi-
dural analgesia postoperatively.

The effects of attenuation of wound pain and decreas-
ing the incidence of pneumonia in patients receiving
epidural analgesia were not observed after total gastrec-
tomy. The reason for the difference between the surgi-
cal procedures was not clear from this study; however,
the complicated operative procedure and longer inci-
sion length with total gastrectomy may mask these ben-
eficial effects of transverse incision.

A transverse abdominal incision is expected to be
superior to a midline incision for preventing postopera-
tive intestinal obstruction, because adhesion between
the abdominal wall and intestinal tract is less marked in
patients with a transverse incision than in those with a
midline incision. It was reported that the incidence of
postoperative intestinal obstruction did not differ be-
tween the two incisional methods [8]. However, that
study was performed in a retrospective manner and the
number of patients who underwent transverse incision
was small. In our study, the comparison was performed
in a prospective randomized manner. The incidence
of postoperative intestinal obstruction was lower
after transverse incision than after midline incision
in patients who underwent distal gastrectomy in our
study. This result supports the hypothesis that a trans-
verse abdominal incision may be superior to an upper
midline incision for preventing postoperative intestinal
obstruction.

There was no significant difference in the incidence of
postoperative intestinal obstruction between the two
incisional methods in patients with total gastrectomy.

The reasons were not clear from our data; however,
three possible reasons can be advanced. Firstly, the inci-
dence of advanced-stage cancer was higher in patients
with total gastrectomy than in those with distal gastrec-
tomy. Thus, it is possible that some of the cases of
intestinal obstruction may have been caused by cancer
recurrence, although, as far as possible, we excluded
patients in whom the obstruction was caused by cancer.
Secondly, adhesion other than that between the ab-
dominal wall and intestinal tract may cause intestinal
obstruction after total gastrectomy, because the opera-
tive procedure of total gastrectomy is much more com-
plicated than that of distal gastrectomy. It was reported
that the incidence of postoperative intestinal obstruc-
tion after gastrectomy proved to be lower in patients
with minimally invasive surgery [9]. The present report
supports the second possibility above. Thirdly, the num-
ber of patients who underwent total gastrectomy was
much smaller than the number of patients who under-
went distal gastrectomy. Further investigation is needed
to evaluate the difference in the two incisional methods
for total gastrectomy.

In conclusion, for distal gastrectomy, a transverse
abdominal incision may be more beneficial than an up-
per midline incision, to attenuate postoperative wound
pain, decrease the incidence of postoperative pneumo-
nia, and prevent postoperative intestinal obstruction.
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