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Abstract
Introduction: Surgical resection is the only potentially curative modality for gastric cancer and it is associated with substan-

tial morbidity and mortality.
Aim: To determine risk factors for postoperative morbidity and mortality following major surgery for gastric cancer.
Material and methods: Between 1.08.2006 and 30.11.2014 in the Department of Oncological Surgery of Gdynia Oncology 

Centre 162 patients underwent gastric resection for adenocarcinoma. All procedures were performed by 13 surgeons. Five of 
them performed at least two gastrectomies per year (n = 106). The remaining 56 resections were done by eight surgeons with 
annual volume lower than two. Perioperative mortality was defined as every in-hospital death and death within 30 days after 
surgery. Causes of perioperative deaths were the matter of in-depth analysis.

Results: Overall morbidity was 23.5%, including 4.3% rate of proximal anastomosis leak. Mortality rate was 4.3%. Mor-
bidity and mortality were not dependent on: age, gender, body mass index, tumour location, extent of surgery, splenectomy 
performance, or pTNM stage. The rates of morbidity (50% vs. 21.3%) and mortality (16.7% vs. 3.3%) were significantly higher in 
cases of tumour infiltration to adjacent organs (pT4b). Perioperative morbidity and mortality were 37.5% and 8.9% for surgeons 
performing less than two gastrectomies per year and 16% and 0.9% for surgeons performing more than two resections annually. 
The differences were statistically significant (p = 0.002, p = 0.003).

Conclusions: Annual surgeon case load and adjacent organ infiltration (pT4b) were significant risk factors for morbidity 
and mortality following major surgery for gastric cancer. The most common complications leading to perioperative death were 
cardiac failure and proximal anastomosis leak.

Introduction 
Gastric cancer in the USA and Europe is a disease of 

declining incidence, induced mainly by external factors, 
and with peak incidence in the 7th decade of life [1]. The 
prognosis in advanced cases is poor and overall 5-year 
survival does not exceed 30%. The only potentially cura-
tive modality is surgical resection [1, 2]. Patients contin-
ue to be diagnosed with an advanced stage and require 
multimodality therapy planning [3]. They are often in 
advanced age and present serious comorbidities. Major 
surgery in such settings is associated with substantial 
morbidity and mortality [4]. Patient selection for surgery 
is often difficult for both the surgeon and the anaes-

thesiologists. Serious complications following surgery 
are likely to delay adjuvant therapy, and may negatively 
impact overall survival and increase costs [2]. 

Aim
The aim of the study was to determine the risk fac-

tors for morbidity and mortality following gastrectomy 
for cancer on the basis of our own experience.

Material and methods
Between 1.08.2006 and 30.11.2014 in our depart-

ment 162 patients underwent gastric resection for ade-
nocarcinoma. The medical records and histopathological 
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reports were retrospectively reviewed. We performed 
141 total gastrectomies (87%) and 21 subtotal or par-
tial stomach resections. The rate of palliative resections 
was 24%. Preoperative total parenteral nutrition was 
necessary in 28 (17.3%) patients. All procedures were 
performed by a group of 13 surgeons. Five of them per-
formed at least two gastrectomies per year (n = 106).  
The remaining 56 resections were done by eight sur-
geons with annual volume lower than two. In case of 
total gastrectomy, proximal end-to-side anastomo-
sis was done between the oesophagus  and jejunum 
with a circular stapling device. The Roux-en-Y method 
was the reconstruction of choice. Intraoperatively, we 
routinely checked the integrity of proximal anasto-
mosis for air leak by a “Jacuzzi” test. A water-soluble 
contrast swallow test was routinely performed on the 
seventh postoperative day, before commencing oral in-
take. Partial and subtotal resections were followed by 
a hand-sutured or stapler Billroth II gastrojejunostomy 

or Roux-en-Y reconstruction according to the surgeon’s 
preference, and integrity tests were not performed. For 
statistical reasons we divided complications into sur-
gical or medical. Pathologic stages were determined 
according to the seventh edition of the International 
Union Against Cancer classification [5]. We combined 
stages 0–II and III–IV into two separate groups. Because 
most pT stage distribution was similar in the compared 
groups and the differences were only seen in cases of 
pT4b, we decided to distinguish infiltration of adjacent 
organs as a feature that might have an impact on mor-
bidity and mortality. Perioperative mortality was de-
fined as every death during the same hospitalisation 
and death occurring within 30 days after surgery. Caus-
es of perioperative death were the matter of in-depth 
analysis. In calculations concerning mean and median 
postoperative hospital stay we excluded patients who 
did not survive 30 days postoperatively or died due to 
complications before discharge.

Statistical analysis 
All statistical analyses were performed using Statis-

tica (data analysis software system, version 10, StatSoft 
Inc. 2011). Comparisons were made with c2 Pearson 
and U Mann-Whitney tests, as appropriate. A logistic 
regression model was built to perform multivariate 
analysis and identify variables independently associated 
with morbidity and mortality. P-value was considered 
significant if less than 0.05.

Results
Over half (57.1%) of postoperative deaths were 

caused by cardiac complications. Two other cases 
(28.6%) were due to proximal anastomosis leak, and 
one patient died on the 56th postoperative day due to 
cachexia and sepsis in the course of intra-abdominal 
abscess in the space left after splenectomy (Table I). 
Proximal anastomosis leaks were treated conservatively 
with good results in two cases, and in the remaining 
five by early relaparotomy. Time of postoperative hos-
pital stay in complicated cases was significantly longer 
(mean 35.7 vs. 9 days, median 18 vs. 9), p = 0.0001.

Comparison of continuous variables such as age, 
body mass index (BMI), harvested and metastatic 
lymph node numbers dependent of complications, and 
perioperative death occurrence is shown in Table II. We 
noted significantly fewer median lymph nodes harvest-
ed in the group of patients that died perioperatively.

Morbidity and mortality rates in relation to gender, 
type and intention of surgery, depth of tumour infiltra-
tion, lymph node status, presence of distant metasta-
ses, pTNM stage, tumour localisation, performed sple-
nectomy, necessity for preoperative total parenteral 

Table I. Complications characteristics and causes of 
perioperative mortality

Complication type Frequency Perioperative 
mortality

Total: 38 (23.5%) 7 (4.3%)

Surgical: 26 (16.0%) 3 (1.9%)

Leakage: 11 (6.8%) –

Proximal 7 (4.3%) 2 (1.2%)

Duodenal stump 2 (1.2%) –

Jejuno-jejunal 2 (1.2%) –

SSI: 7 (4.3%) –

Deep 3 (1.9%) 1 (0.6%)

Superficial 4 (2.5%) –

Late anastomotic stricture 2 (1.2%) –

Acute pancreatitis 1 (0.6%) –

Bile leak (after 
cholecystectomy)

1 (0.6%) –

Anastomotic bleeding 1 (0.6%) –

Peritoneal bleeding 1 (0.6%) –

Eventration 1 (0.6%) –

Iatrogenic colon perforation 1 (0.6%) –

Medical: 12 (7.4%) 4 (2.5%)

Cardiac 6 (3.7%) 4 (2.5%)

Pulmonary 5 (3.1%) –

Urinary tract infection 1 (0.6%) –
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nutrition, and neoadjuvant chemotherapy are presented 
in Table III. The only factor significantly associated with 
morbidity and mortality was adjacent organ infiltration 
(pT4b). The invaded organs were pancreas (n = 6), liv-
er (n = 3), transverse colon or mesocolon (n = 2), and 
spleen (n = 1). Radical multivisceral en bloc surgery was 
performed in 5 cases, and the remaining seven pT4b 
procedures were palliative. None of the pT4b patients 
underwent neoadjuvant chemotherapy.

Table IV demonstrates the differences in surgery 
outcomes dependent on the surgeon’s annual case load. 
Patients operated by surgeons performing less than two 
gastrectomies per year were associated with more fre-
quent distant metastases or peritoneal spread. Other 
clinicopathological parameters such as age, BMI, depth 
of tumour infiltration, tumour location, and pTNM stage 
were similar in both groups. Procedures performed by 
lower volume surgeons were associated with signif-
icantly higher rates of surgical and overall morbidity 
and perioperative mortality. There were no significant 
differences concerning rates of splenectomy, medical 
complications, redo surgeries, blood transfusion, and 
numbers of harvested lymph nodes. In multivariate 
analysis, adjacent organ invasion was an independent 
prognostic factor for morbidity (p = 0.03) and surgeon 
volume was an independent prognostic factor for both 
morbidity (p = 0.003) and mortality (p = 0.02).

Discussion
Lepage et al. analysed early and late results of gas-

tric cancer surgery in seven European countries. In uni-
variate analysis, perioperative mortality was associat-
ed with advanced age, proximal tumour location, total 
gastrectomy, and higher stage at diagnosis. The rates 
of mortality were also significantly different between 
countries, being highest (16%) in Poland [6]. In the uni-
centre study by Persiani et al. the factors associated 

with postoperative morbidity were: age over 64 years, 
performance of splenectomy or other adjacent organ 
resection and, extended (D2) limfadenectomy. Although 
multivisceral resection in cases of suspicion of adjacent 
organs invasion was associated with a three-fold higher 
rate of perioperative mortality, the difference was not 
statistically significant [7]. Similar factors predictive of 
postoperative morbidity and mortality were revealed 
in other series [4, 8, 9]. Less frequently demonstrated 
factors associated with morbidity and mortality were: 
comorbidities [8], male gender [10], hypoalbuminaemia 
[4], and preoperative body mass loss [4]. In our study, 
perioperative death was associated with less lymphatic 
harvest, most likely due to higher medical risk or more 
advanced stage found in preoperative assessment, 
which resulted in a limited extent of surgery in these 
patients. Another explanation could be that these pa-
tients were operated by lower volume surgeons tending 
to perform less extent of lymphadenectomy. However, 
these hypotheses cannot be proven by available data. 
Other relationships concerning determinants of morbid-
ity and mortality were similar to those revealed by oth-
er authors, but the statistical significance was achieved 
only for adjacent organ infiltration (Tables II and III).

Increased risk of postoperative morbidity in the 
case of adjacent organ invasion and performance of 
multivisceral resection was also demonstrated by Pa-
penfuss et al. The authors point out that patients with 
serious complications are less likely to receive adjuvant 
treatment, which may negatively impact the survival 
[4]. Inferior survival outcomes linked to postoperative 
morbidity were demonstrated in other papers [11]. The 
frequency of postoperative complications in pT4b cas-
es reaching 50% suggests withdrawal from resection 
in favour of neoadjuvant chemotherapy, although the 
benefits of such practise are still the matter of discus-
sion. In cases of gastric cancer significant discrepancies 

Table II. Comparison of age, BMI, harvested and metastatic lymph node numbers dependent of complications, and 
perioperative death occurrence

Parameter Total
(n = 162)

Complicated 
(n = 38)

Non-
complicated

(n = 124)

P-value In hospital or  
30-day mortality

(n = 7)

Survivors  
(n = 155)

P-value

Mean age (median) 
[years]

66.8 (68) 68.3 (72) 66.4 (67) NS 67.0 (71) 66.8 (68) NS

Mean BMI (median) 
[kg/m2]

24.9 (24.2) 23.3 (21.9) 25.3 (25.0) NS 22.3 (22.3) 25.1 (24.2) NS

Mean number of 
harvested lymph 
nodes (median)

18.6 (17.5) 16.4 (14) 19.2 (18) NS 9.0 (9) 19.0 (18) 0.006

Mean number of 
metastatic lymph 
nodes (median)

4.9 (2) 3.9 (1) 5.2 (2) NS 1.9 (0) 5.0 (2) NS
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Table III. Morbidity and mortality dependent on gender, type and intention of surgery, depth of tumour infiltration, 
lymph node status, presence of distant metastases, pTNM, tumour localisation, performed splenectomy, necessity 
for preoperative total parenteral nutrition (TPN), and neoadjuvant chemotherapy

Parameter Morbidity (%) P-value Mortality (%) P-value

Gender:

Male, n = 108 24.1 NS 2.8 NS

Female, n = 54 22.2 7.4

Type of surgery:

Gastrectomy (n = 141) 23.4 NS 4.3 NS

Subtotal or partial resection (n = 21) 23.8 4.8

Surgery intention:

Radical (n = 123) 22.8 NS 4.1 NS

Palliative (n = 39) 25.6 5.1

Depth of invasion:

pTis-pT4a (n = 150) 21.3 0.02 3.3 0.02

pT4b (n = 12) 50 16.7

Lymph node status:

Positive (n = 102) 23.5 NS 2.9 NS

Negative (n = 60) 23.3 6.7

Distant metastases:

M0 (n = 140) 23.6 NS 3.6 NS

M1 (n = 22) 22.7 9.1

pTNM:

0–II (n = 74) 20.3 NS 4.1 NS

III–IV (n = 88) 26.1 4.6

Tumour localisation:

Cardia (n = 44) 31.8 NS 6.8 NS

Other (n = 118) 20.3 3.4

Splenectomy:

Yes (n = 23) 34.8 NS 8.7 NS

No (n = 139) 21.6 3.6

Preoperative TPN:

Yes (n = 28) 35.7 NS 3.6 NS

No (n = 134) 20.9 4.5

Neoadjuvant: 

Yes (n = 11) 18.2 NS 0 NS

No (n = 151) 23.8 4.6
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between preoperative imaging and intraoperative find-
ings are not uncommon. According to our experience, 
diagnostic laparoscopy is an excellent tool for both mac-
ro- and microscopic peritoneal spread detection, but the 
procedure does not always allow us to recognise trans-
mural invasion of adjacent organs. Currently in both 
European and American guidelines adjuvant treatment 
is recommended as the best approach in all mid-stage 
gastric cancers and curative treatment intent [1, 3]. On 
the other hand, Korean authors reporting the outcomes 
of 243 radical multivisceral resections for pT4b gastric 
cancer without neoadjuvant treatment achieved 5-year 
survival at the unattainable in Western settings rate 
of 36.8% with 15% postoperative morbidity and 2% 
mortality. They concluded that only patients with pan-
creatic head invasion, para-aortic nodes involvement, 
or distant metastases were unsuitable for the prima-
ry resection [12]. Other Asiatic authors also promote 
multivisceral resections in pT4b tumours [9, 13, 14], in 
spite of relatively high postoperative morbidity rates 
(28.0–55.6%). Unfortunately, randomised studies in this 
matter are unavailable.

The vast majority of patients diagnosed with gastric 
cancer in the West are over 60 years old. The median 
age of our patients was 68 years. Patients at this age 
often suffer from serious comorbidities. In the litera-
ture, the principal causes of death following gastrec-
tomy for cancer are respiratory infections and failure, 
cardio-vascular problems, and sepsis as a consequence 
of anastomotic dehiscence. Rare incidence of athero-
sclerotic heart disease and quite young age of diag-
nosed patients in Japan are thought to be at least part-
ly responsible for the superior mortality results in this 
country [15]. In the present study, more than half of the 
postoperative deaths were caused by complications of 
a cardio-vascular nature. Pulmonary complications were 
almost equally often but they were not lethal in any 
case. In the unicentre study by Gong et al. cardio-vas-
cular complications were the cause of three out of four 
postoperative deaths in a group of 125 patients under-
going gastrectomy for cancer [8]. Since it is not possi-
ble to guarantee an uneventful postoperative course, 
appropriate counselling regarding the true risks and 
benefits of proposed surgery in patients with serious 
comorbidities is highly recommended [2].

Oesophagojejunal anastomosis failure is one of 
the most serious complications associated with upper 
gastrointestinal surgery [16]. In our study it was the 
second leading cause of postoperative death (28.6%). 
In other series it was also one of the main causes of 
postoperative mortality [10, 16, 17]. Two of 7 of our 
patients with proximal anastomosis leak died (28.6%). 
In other studies mortality among patients with this 

feared problem varied between 21.7% and 46% [10, 
16, 17]. Early diagnosis and quick implementation of 
proper treatment are the major concerns. The treatment 
of choice is re-operation and repair, but it is possible 
only early after primary surgery and when the patient 
is stabilised. The results of redo surgery in established 
sepsis associated with ongoing leakage are much worse 
because of inflammatory adhesions, the friability of the 
tissues, and the poor wound healing associated with in-
flammatory response to infection and trauma [15]. That 
is why in cases of late diagnosis conservative treatment 
remains the best approach. It is managed by the place-
ment of a naso-jejunal tube for aspiration, ultrasonog-
raphy-guided drainage of intra-abdominal collections, 
broad-spectrum antibiotics, parenteral nutrition, and 
enteral feeding by a tube placed a significant distance 

Table IV. Patient characteristics and surgery outcome  
in reference to surgeon annual volume

Parameter Lower-
volume 
surgeon
(n = 56)

Higher-
volume 
surgeon  
(n = 106)

P-value

Mean age 
(median)

67.3 (69) 66.6 (68) NS

Mean BMI 
(median)

23.7 (22.5) 25.4 (25) NS

Tumour location 
(cardia rate)

30.4% 25.5% NS

pT4b rate 8.9% 6.6% NS

Mean number of 
metastatic nodes 
(median)

4.7 (1.5) 5.0 (2) NS

Distant 
metastases

25% 7.5% 0.002

pTNM III–IV rate 60.7% 50.9% NS

Complication rate: 37.5% 16.0% 0.002

Surgical 26.8% 10.4% 0.006

Redo surgery 16.1% 7.5% NS

General 10.7% 5.7% NS

Perioperative 
deaths

10.7% 0.9% 0.003

Mean number of 
harvested nodes 
(median)

17.5 (17) 19.1 (18) NS

Splenectomy 16.1% 21.7% NS

Mean erythrocyte 
mass units 
(median)

3.0 (2) 2.4 (2) NS

Postoperative stay 14.7 (9) 14.1 (9) NS
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below the site of dehiscence. It should be noted that 
conservative treatment is also burdened with high risk 
of failure. However, not all researchers prefer re-oper-
ation in case of early diagnosed anastomotic leakage. 
Lang et al. state that redo surgery should only be con-
sidered in cases of failure of conservative treatment. 
They reported 19% mortality among patients treated 
conservatively and 64% mortality in cases of surgical 
management. The authors point out that the groups 
treated surgically and conservatively were not compa-
rable because the re-operations were performed only in 
cases of conservative treatment failure, so re-operated 
patients represented a negative selection [18]. In our 
opinion, such high mortality among patients undergo-
ing redo surgery could partly result from the delay in 
surgery performance. In our experience, conservative  
treatment was successfully performed in 2 cases, while 
among the remaining five treated surgically, mortali-
ty was 40%. In spite of such results we consider early 
re-operation as a treatment of choice in case of leak 
diagnosis before the fourth postoperative day. A similar 
strategy has been proposed by Sarela et al. after oe-
sophagectomy for cancer; however, the borderline for 
surgical management of anastomotic leak was postop-
erative day 5 [19]. Another promising method of anas-
tomotic failure management is endoscopic self-expand-
able metal stent placement [20–22].

Current gastric cancer treatment guidelines em-
phasise the necessity of multidisciplinary planning and 
the principal role of the surgeon expected to provide 
speciality expertise to optimise the outcome [3]. Many 
studies proved significant relationships between the 
number of annually performed gastrectomies and the 
treatment outcome [23]. However, the exact surgeon 
annual volume providing the optimal results has not 
been specified. It is generally believed that hospital 
volume is more important that individual surgeon vol-
ume [24, 25]. The mean annual volume in our study 
was 19.2. The number does not include stomach re-
sections for lymphomas, GISTs, neuroendocrine tu-
mours, and multivisceral resections for reasons other 
than gastric adenocarcinoma. Hannan et al. in their 
comparative study concerning in-hospital mortality 
for gastrectomy and other cancer procedures demon-
strated that 25% of gastric resections were performed 
by surgeons within annual case load less than one, 
and only 25% of procedures were done by surgeons 
that performed at least 12 gastrectomies during the 
4-year study period. The elite group of the 41 highest 
volume surgeons among a total of 1114, performed 
six gastrectomies per year. The significant difference 
in postoperative mortality was in favour of the highest 
volume surgeons (2.76% vs. 8.83%) [23]. In another 

paper by de Gara et al., only four among 84 surgeons 
performed more than 20 gastrectomies during the 
7-year study period, and 70 surgeons performed less 
than 10 [26]. In North America and Europe the vast 
majority of gastric cancer patients are operated by 
low-volume surgeons, unlike in Asiatic countries. In 
comparative analysis concerning survival after radical 
gastrectomy by Chinese authors, surgeons recognised 
as specialised in oncological gastrectomy were defined 
as: from the Department of Gastric Cancer, who had 
undergone professional training in Japan, and with an 
annual individual volume of more than 50. Specialised 
surgeons achieved significantly superior 5-year surviv-
al. The authors did not find differences in periopera-
tive morbidity and mortality [27]. Another interesting 
analysis was published by Gil-Rendo et al. The authors 
divided surgeons performing gastrectomies for cancer 
into four categories according to their experience. The 
highest experience (more than 10 years of experience 
in gastric cancer surgery) was associated with the 
highest postoperative morbidity. It was concluded that 
more advanced tumours and patients with serious risk 
factors were operated by surgeons with more experi-
ence; however, the authors did not demonstrate data 
to confirm this hypothesis [10].

Patients operated by lower-volume surgeons in our 
study were associated with more frequent presence of 
distant metastases or peritoneal spread (Table IV). Ini-
tially we could not explain this finding. However, similar 
relationships were demonstrated by other authors [25, 
26]. Bachmann et al. conclude that patients thought to 
have a poor prognosis tend to be referred to low-vol-
ume surgeons [25]. Until now, we have not been aware 
of such a tendency. We can see from analysis of data 
from Table IV that patients operated by lower-volume 
surgeons also tended to present lower BMI, higher rate 
of tumours located in the cardia, and higher rate of ad-
jacent organs invasion. These differences, however, did 
not reach the level of statistical significance.

Some limitation of the study is the lack of data con-
cerning patient comorbidities. However, a reliable col-
lection of these data and their proper categorisation 
in order to perform statistical analysis on the basis of 
archival records could be deficient and misleading, so 
they were not included into the current analysis.

Conclusions
The surgeon remains a significant predictive fac-

tor of morbidity and mortality following gastrectomy 
for cancer. Analysis of our material demonstrates that 
surgeons from the oncological centre performing about  
20 gastrectomies per year, and with individual an-
nual volume more than two becomes a guarantee of 
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superior outcomes in comparison with lower-volume 
surgeons. Comparing the results of lower- versus high-
er-volume surgeon, patient selection should be taken 
into account. Patients with locally advanced tumours 
requiring multivisceral resection (pT4b) are at higher 
risk of postoperative morbidity and mortality.
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