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Objective: Surgery is the only curative treatment for patients with gastric cancer. However, the extent of lymph node
dissection is still debated. The aim of the study was to evaluate complications, postoperative length of hospital stay and
postoperative mortality after D1 or D2 lymph node dissection for gastric cancer in a non-specialized hospital.

Material and Methods: All patients who underwent surgery for pathologically confirmed gastric cancer at our 3rd
General Surgery Department, Ankara Numune Training Hospital between January 1999 and 2007 were retrospectively
reviewed. A consecutive series of 71 gastric cancer patients was identified. D1 resection (level 1 lymphadenectomy) was
compared with D2 resection (levels 1 and 2 lymphadenectomy).

Results: The D2 group had higher postoperative mortality (16% vs. 8%; p<0.005) and morbidity (54% vs. 34%; p<0.005),
and their postoperative length of stay was longer. Splenectomy did not have an effect on postoperative morbidity and
mortality in either the D1 or the D2 group.

Conclusion: The D2 procedure was associated with significantly higher postoperative mortality, morbidity, and post-
operative length of hospital stay.
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INTRODUCTION

Surgery has been adopted as the primary treatment for gastric cancer all over the world. The primary
goal of surgical treatment is to provide cure. Curative treatment for gastric cancer is possible by diag-
nosis of the tumor at an early stage, applying the appropriate lymph node dissection, perioperative
monitoring and providing an optimal level of treatment (1-4).

In this study, we aimed to evaluate the factors affecting morbidity and mortality in patients undergo-
ing D1 and D2 lymph node dissection for gastric cancer by surgeons with low case volume in a general
surgery unit that is not specialized in gastric surgery, and to review the literature.

MATERIAL AND METHODS

All patients who underwent surgery with a diagnosis of gastric cancer at the 3rd General Surgery De-
partment, in Ankara Numune Training Hospital between January 1999 and 2007 were retrospectively
reviewed, and 133 patients were identified. Of these patients, 26 patients with palliative procedures, 3
patients with a pathological diagnosis of neuroendocrine tumor or lymphoma and 33 patients with liver
metastases were excluded from the study, leaving 71 patients in the study group. Their prospectively
collected data were retrospectively evaluated.

Only patients who were operated with curative intent were included in the study. Their data regarding
age, gender, co-morbidities, smoking, alcohol use, ASA score, albumin level, hemoglobin level, type of
surgery and preoperative findings, additional procedures, postoperative early complications and mor-
tality were evaluated.

Patients were classified according to age, as below or above 65 years. Co-morbid diseases such as diabe-
tes, hypertension, chronic obstructive pulmonary disease and chronic liver disease were taken into ac-
count. Anesthesiologists determined the ASA score of our patients prior to operation. For comparative
reasons patients with ASA score equal to or less than Il were assessed in one group and those with ASA
score of IV were accepted as another group.

The surgical intervention was recorded as two separate procedures, either total or subtotal gastrec-
tomy, and the perioperative findings like tumor location, palpable lymph nodes and splenectomy were
recorded in detail.
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D1 and D2 dissection was performed systematically as deter-
mined by the JRSSG (Japanese Research Society for the Study
of Gastric Cancer) group (1). The perigastric lymph node sta-
tions that were located along the lesser curvature (1, 3, and 5%
stations) and the greater curvature (2, 4 and 6 stations) were
referred to as N1 group. The lymph nodes along the left gastric
artery (no. 7), hepatic (no. 8), celiac (no. 9), and splenic arteries
(no. 10, 11) were named as N2 group.

D1 dissection was performed by including the small and great-
er omentum, with either a total or a subtotal resection of the
stomach that contained lymph node stations 1-6. Spleen or
pancreatic tail resections were included only in case of tumor
invasion. D2 dissection was done by inclusion of the omental
bursa, transverse mesocolon anterior leaf and complete exci-
sion of the gastric vascular pedicle contain 7-8-9 station lymph
nodes. Spleen and/or pancreatic tail resection was applied in
invasive tumors for complete clearance of stations 10 and 11.

Early postoperative complications were defined as wound
complications (seroma, hematoma, infection, evantration,
evisceration, bleeding), anastomotic leak, pulmonary compli-
cations (pneumonia, pulmonary embolism, atelectasis, pleural
effusion), cardiac complications (arrhythmias, DVT, myocardial
infarction), renal complications (acute renal failure, urinary
retention), pancreatitis, pancreatic fistula, intra-abdominal
bleeding and intra-abdominal abscess formation within 30
days of surgery. Anastomotic leakage, pancreatic fistula, and
intra-abdominal bleeding were accepted as major complica-
tions. D1 and D2 lymph node dissection groups were analyzed.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) 15.0 for Windows
program was used for chi-square, analysis of variance (Mann-Whit-
ney U and Kruskal-Wallis) nonparametric tests in terms of statisti-
cal significance, with a p value of <0.05 considered as statistically
significant. When investigating the relationship between two nu-
merical variables, Spearman’s correlation coefficient was used.

RESULTS

Forty patients (56%) were male and 31 (44%) were female.
Thirty-eight (54%) patients were aged 65 years or younger,
while 33 (46%) were over 65. The mean ages of female and
male patients was 60 and 64, respectively.

The number of patients undergoing D1 lymph node dissection
was 23 (32%), while the number of patients who underwent
D2 lymph node dissection was 48 (68%). The mean age in D1
lymph node dissection group was 63 years, and the mean age
of those who underwent D2 lymph node dissection was 61
years. D1 lymph node dissection group contained 11 female
and 12 male patients, while the D2 lymph node dissection
group consisted of 20 female and 28 male patients. There was
no significant difference in terms of age or gender between
D1 and D2 lymph node dissection groups (p>0.05) (Table 1).

Anesthesiologists evaluated the general health status of our
patients. Seventeen patients (73%) were classified as ASA lll or
less and six patients (27%) with ASA IV and above in the D1
lymph node dissection group, while the D2 lymph node dis-
section group included 38 patients (79%) with ASA Ill or less
and 10 patients (21%) with ASA IV and above. There was no

significant difference in terms of ASA scores between D1 and
D2 lymph node dissection groups (p>0.05).

After intraoperative assessment, 40 patients (56%) underwent
total gastrectomy, and 31 underwent (44%) subtotal gastrec-
tomy. In the total gastrectomy patients, 9 (23%) received D1
lymph node dissection, and 31 (67%) D2 lymph node dissec-
tion, while in the subtotal gastrectomy group 14 (45%) had D1
lymph node dissection, and 17 (55%) D2 lymph node dissec-
tion. D2 lymph node dissection rate in patients who under-
went total gastrectomy, and D1 lymph node dissection rate
in the subtotal gastrectomy group was significantly higher
(p<0.05) (Table 1).

Splenectomy was performed in eight of 23 patients (34%) with
D1 lymph node dissection, and in 25 of 48 patients (53%) with
D2 lymph node dissection. The splenectomy number in the
D2 lymph node dissection group was significantly higher than
the other group (p<0.05) (Table 1). When analyzed according
to stage, despite the majority of patients being at stage Ill, no
difference was observed in stage distribution between the
groups. The total number of lymph nodes and the number of
metastatic lymph nodes removed was significantly higher in
the D2 group (Table 1).

With regards to co-morbidities, 6 patients (26%) had diabetes, 1
patient (4%) had COPD and 8 patients (34%) had hypertension
in the D1 lymph node dissection group, and 6 patients (13%)
had diabetes, 2 patients (4%) had COPD and 20 (42%) had hy-
pertension in the D2 lymph node dissection group (Table 2).

Seventeen patients had low albumin (24%) values. It was
found in 9 patients (39%) in the D1 lymph node dissection
group and in 8 patients (17%) in the D2 lymph node dissection
group (Table 2).

The number of patients with more than 10% weight loss in the
last 6 months was 18 (78%) in the D1 lymph node dissection
group and 30 (62%) in the D2 lymph node dissection group
(Table 2). There was no significant correlation between D1 and
D2 lymph node dissection groups and weight loss (p>0.05).

Early postoperative complications were identified in 34 patients
(46%) in both groups. The D1 lymph node dissection group
had 8 (34%), while the D2 lymph node dissection group had
26 (54%) such patients. Comparing the sum of the major and
minor complications, complications were significantly higher in
the D2 lymph node dissection group (p<0.05) (Table 3).

Minor complications were identified in 6 patients (26%) in the
D1 lymph node dissection group and in 19 patients (39%) in
the D2 lymph node dissection group. However, major compli-
cations were seen in two patients (8%) in the D1 lymph node
dissection group and in 7 patients (15%) in the D2 lymph node
dissection group and this rate was significantly higher in the
D2 lymph node dissection group (p<0.05).

Within the D2 lymph node dissection group, 3 (6%) patients
developed pancreatic fistula, 2 (4%), anastomotic leak, and
2 (4%) abdominal bleeding was detected, whereas in the D1
lymph node dissection group one (4%) pancreatic fistula and
one (4%) anastomotic leakage was detected as major compli-
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D1 lymph node dissection D2 lymph node dissection

Age

Gender (M/F)
ASA score

ASA Il and below
ASA IV and above

Type of gastrectomy
Total 9 31 40
Subtotal 14 17 31 p<0.05
Location
Antrum 14 20 34
Corpus 2 5 7 N.S.
Cardia 6 14 20
Linitis plastica 1 1 2
TNM Stage
|
Il
1A
1B
‘ Mean number of excised lymph nodes 14.6+5.4 31.8+16.1 27.2£12.4
Number of metast

‘ N.S.:Not Significant

Number of cases Number of cases p Complications D1 lymph D2lymph p
in the D1 in the D2 node dissection node dissection

dissecionaroup  clssection aroup Minor compication

COPD 1 2 NS. Candicg

Smoking 9 22 N.S. WoundiUESES

Low 9 s p<0.05 Major complications

albumin level Anastomotic leak

Weight loss 18_ Pancreatic fistula

N.S.: Not Significant, DM: Diabetes Mellitus, HT: Hypertension ‘ Intraabdominal hemorrhage

Deep intraabdomin:
cations. Cardiopulmonary complications, as well as gastroin-

. L . . Duodenal stump leak
testinal complications such as pancreatic fistula, pancreatitis,
and intra-abdominal bleeding were significantly higher in the
D2 lymph node dissection group (p<0.05) (Table 3). Mortality

Length of hospital st

Total complication

Our mortality rate was 14% (10 patients). Two patients in the *In some patients more than one complication was identified
D1 lymph node dissection group (8%) and 8 patients (16%)
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in the D2 lymph node dissection group were deceased. The
mortality rate was significantly higher in the D2 lymph node
dissection group as compared to D1 lymph node dissection
(p<0.05). Our main causes of mortality were as follows; one
patient was lost due to pulmonary infection and one due to
pancreatic fistula in the D1 lymph node dissection group.
In only one of these patients diabetes, hypertension and
chronic obstructive pulmonary disease was reported. In the
D2 lymph node dissection patients 2 patients died due to
pulmonary infection, 2 patients with myocardial infarction,
2 patients with pancreatic fistula, one patient with intra-ab-
dominal abscess and one patient due to abdominal bleed-
ing. Two of those patients had diabetes and hypertension, 2
had COPD and hypertension and in one had hypertension.
Post-operative length of hospital stay was significantly high-
erin the D2 lymph node dissection group (11.3+-8.7 days) as
compared to those in the D1 lymph node dissection group
(8.3+-5.2) (Table 3).

The complication and mortality rates in the D1 lymph node
dissection and splenectomy group was 36% and 11%, where-
as these rates were 32% and 6% in the group with D1 lymph
node dissection without splenectomy, respectively. The com-
plication and mortality rates in the D2 lymph node dissection
and splenectomy group was 56% and 15%, and these rates
were 52% and 13% in spleen protective D2 lymph node dis-
section patients, respectively. In D1 and D2 lymph node dis-
section, when groups with and without splenectomy were
compared, there was no significant difference in terms of com-
plications or mortality (p>0.05) (Table 4).

DISCUSSION

It is certain that in developing countries such as our country,
morbidity and mortality related to gastric surgery is affected
by other factors with significant impact on surgical strategy.
First, early detection and screening programs that evaluate
patients with a high risk of gastric cancer is neither common
nor effective in our country at the desired level, as they are in
Japan and some European countries. In studies conducted in
Europe and America, 30% of patients have advanced gastric
cancer, while this rate is around 21% in Japanese series (2, 3).
In our series, advanced gastric cancer accounted for 58% of
cases. The un-identification of high risk patients at an early
stage by screening methods does not only increase the extent
of surgical technique and lymph node dissection, but it also
increases the effects of patient related factors such as late re-
ferral, advanced age, presence of serious underlying diseases,
low levels of hemoglobin and protein levels, tumor localiza-
tion and depth, decreasing the chance of curative surgery that
has a direct effect on morbidity and mortality and in a way al-
ters surgical strategy.

The most important point that makes early diagnosis vital for
the treatment of gastric cancer is lymph node involvement.
Studies have shown that even in early gastric cancer, lymph
node involvement rate is between 5.7-13%. The necessity and
effectiveness of extended lymph node dissection is discussed,
even in this group of patients. It is known that if the tumor is
limited to the mucosa lymph node involvement risk is 3-5%, if
it is limited in the submucosa lymph node involvement rate is
11-25%, the lymph node involvement rate is 50% in T2 tumors,
and in T3 tumors the rate increases to 83% (4, 5).

Another controversial point is the extent of the surgery. Japa-
nese surgeons claims on longer overall survival and postop-
erative disease-free survival following perigastric, celiac, and
splenic lymph node resection is doubted in the Western world,
especially in America and studies on this issue are still in prog-
ress (6, 7). We also compared our gastric cancer patients, who
underwent different approaches in terms of both gastric re-
section and lymph node dissection, for early postoperative
morbidity and mortality. Nevertheless, when interpreting this
comparison we have taken into account the facts that our pa-
tients were not detected by screening programs but consisted
of patients with gastrointestinal complaints, that imaging
methods applied for preoperative staging were not reported
in light of standard expertise, that a significant portion of our
patients was elderly, and with an advanced stage. We believe
that, accepting surgical intervention or the extent of lymph
node dissection as the only factors contributing to postop-
erative morbidity and mortality in our patient group would be
incorrect.

During our review of the literature, we observed that Roma-
nia, a developing country as ours, showed in their 468 patients
with gastric cancer that the patient’s age, hemoglobin and
protein levels and previous Billroth Il operation had a signifi-
cant effect on morbidity. Factors like gender, TNM stage, ex-
tent of surgical intervention, D1 or D2 lymph node dissection
were not related to morbidity. Mortality was significantly high-
er in older age and male patients, and it was emphasized that
low hemoglobin and protein levels, TNM stage determined by
pathology, type of surgery and extent of lymph node dissec-
tion did not have an effect (8).

The mean age was 62 years in our series, 33 patients (46%) were
found to be older than and 38 patients (54%) were younger
than 65 years. Advanced age was not found to be a significant
factor effecting morbidity and mortality in our series. Similarly,
the male and female genders did not show a significant differ-
ence in terms of morbidity and mortality.

Another point of contention among Japanese and the West-
ern world is the requirement of including organs such as the
spleen and the pancreas in the surgical specimen. The prin-
ciple defending that splenectomy should be included in the
procedure is based on the opinion that effective dissection
of lymph nodes around the splenic hilum and the splenic ar-

Table 4. Relation between splenectomy and complication
and mortality

Complication Mortality  Total
Yes No Yes No
D1 lymph node dissection
With 3 5 1 7 8
splenectomy
Without 5 10 1 14 15
splenectomy
D2 lymph node dissection
With 14 11 4 21 25
splenectomy
Without 12 1 2 21 23

splenectomy



tery can be achieved by this method. The possibility of splenic
involvement in proximally located gastric cancer is approxi-
mately 10%. Those opposing splenectomy base their theory
on the facts that there is no significant prolongation in survival
in those with splenectomy, besides a significant increase in the
frequency of postoperative complications. Another hypothe-
sis favoring this opinion is the belief that the spleen reduces
the risk of early postoperative recurrence by suppressing tu-
mor growth factor (5, 9).

In our study, out of the 25 patients with D2 lymph node dis-
section and splenectomy the complication rate was 56% with
a mortality rate of 15%, and out of the 23 patients with spleen
protective D2 lymph node dissection 52% had complications
with a mortality rate of 13%. There was no significant differ-
ence in complication and mortality rates between the D2
lymph node dissection groups with or without splenectomy.
Out of the 8 patients with D1 lymph node dissection and sple-
nectomy the complication rate was 36% with a mortality rate
of 11%, and out of the 15 patients with spleen protective D1
lymph node dissection 32% had complications with a mortal-
ity rate of 6%. There was no significant difference in complica-
tion and mortality rates between the D1 lymph node dissec-
tion groups with or without splenectomy.

Para-aortic lymph node metastases without peritoneal dis-
semination, adjacent organ invasion or distant metastasis was
detected in 10% of cases by an extended lymph node dissec-
tion (10). Upgrading of the stage with detection of distant
metastasis in a lymph node in distant location by extensive
lymph node dissection is known as stage-shift or Will Rogers
phenomenon. It is reported that in this way, a more accurate
assessment of the stage and prognosis can be provided, but
that survival will not be affected with extensive lymph node
dissection, and morbidity and mortality will increase (11, 12).
Removal of 26 or more lymph nodes is considered as radical
lymph node dissection (13).

As radical gastrectomy and D2 lymph node dissection has
become standard, oesophagojejunal anastomosis problems
and deep venous thrombosis incidence have increased (14). In
prospective randomized studies conducted in Europe, signifi-
cant difference in survival was not found between D1- D2 and
D1 -D3 resections (15, 16). In Chinese studies mortality and
morbidity of D2 dissection was reported to be higher than D1
dissection, Finnish studies showed that D2 - 3 dissection had
higher complication rates as compared to D1 dissection and
in Europe D2 - 3 dissection is reported to carry an acceptable
rate of mortality (17, 18). German series also reported that D3
dissection is not superior to D2 dissection and D3 dissection
has disadvantages (19, 20). In our study, the greater omentum,
D1 lymph node dissection, and 7, 8, 9 lymph nodes were re-
moved as part of total gastrectomy. In some patients, 10 and
11 lymph nodes were also removed. D1 lymph nodes, and 7,
8, 9 stations and the greater omentum was removed in distal
subtotal gastrectomies. Para-aortic lymph node sampling was
performed in 35 of 71 patients who were operated, and sple-
nectomy was performed in 33. The type of lymph node dis-
section, especially D2 lymph node dissection compared to D1
lymph node dissection, was found to be a factor significantly
increasing morbidity and mortality. On the other hand, extent
of surgery, para-aortic lymph node sampling, and additional
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splenectomy did not have a significant effect on morbidity
and mortality.

CONCLUSION

A retrospective review of 71 patients who underwent curative
surgery in our clinics revealed significantly higher complica-
tions, mortality and length of hospital stay in the D2 lymph
node dissection group as compared to D1 lymph node dis-
section group. As mentioned earlier, accepting the extent of
lymph node dissection as the only reason for complications
is inaccurate. Complication rates can vary even between dif-
ferent surgical groups within the same hospital (21). However,
in a time where Western-based studies proving the positive
impact of D2 lymph node dissection on disease-free survival
are increasing, it would be wiser to propose increase in train-
ing of D2 lymph node dissection for gastric cancer, rather than
advocating D1 lymph node dissection in low density, non-spe-
cialized clinics (22).
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