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ABSTRACT

Background. Hospital volume is known to be a crucial
factor in reducing postoperative morbidity and mortality in
laparoscopic gastrectomy for gastric cancer. However, it is
unclear whether surgeon’s individual experience can
overcome the effect of hospital volume.

Methods. Clinicopathologic data of initial 50 laparoscopic
gastrectomy cases were collected from six gastric cancer
surgeons. Half of the six surgeons worked in high-volume
centers, and the other half worked in low-volume hospitals.
Perioperative outcomes were compared between the high-
volume centers and the low-volume hospitals.

Results. Three low-volume hospitals in this study con-
tained significantly more male and older patients with a
higher American Society of Anesthesiologists score than
high-volume centers. Although high- and low-volume
hospitals mainly used laparoscopy-assisted and totally
laparoscopic approach, respectively, there were no differ-
ences between the two groups in the extent of resection,
operating time, estimated blood loss, and number of col-
lected lymph nodes. Postoperative recovery such as
duration to soft diet and hospital stay did not differ between
the high- and the low-volume hospitals. No significant
difference was found in postoperative morbidities by
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Clavien-Dindo classification. There was no mortality
reported in both groups of the enrolled hospitals.
Conclusions. Hospital volume is not a decisive factor in
affecting postoperative morbidity and mortality for well-
trained beginners in laparoscopic surgery for gastric
cancer.

Laparoscopic surgery for gastric cancer is a complex
procedure in which gastrectomy, lymph node dissection
around major blood vessels, and various reconstructions
are performed with the aid of laparoscopic instruments.'™
As a result, most surgeons require considerable amount of
time or show a long learning curve to become skillful
laparoscopic operators for gastric cancer.*” Before reach-
ing a plateau in the learning curve, postoperative outcomes
for initial cases are influenced by various factors in addi-
tion to individual abilities.® Hospital volume is often
reported to be one of the most important factors in affecting
the beginner’s outcomes in laparoscopic gastric cancer
surgery, and surgeons working in a high-volume center
tend to have better initial outcomes compared to those in a
low-volume hospital.”®

Most high-volume centers are set up with an optimized
surgical unit for various laparoscopic surgeries and have a
specialized surgical team composed of skillful first assis-
tant, scopist, and scrub nurses.” In such circumstances, a
novice surgeon would more likely perform a safer and
more stable laparoscopic surgery because the specialized
unit or team can compensate for the novice surgeon’s
shortcoming.'® However, a surgeon working in a low-
volume hospital, in which laparoscopic system might not
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have been established, must prepare laparoscopic devices
and instruct assistants alone, which could lead to relatively
poor surgical outcomes.'' However, once a beginning
surgeon is trained to be a fellow in a high-volume center, it
is considered that the effect of hospital volume is no longer
a determinant factor in the treatment of gastric cancer. In
other words, individual experience or training could over-
come the latent disadvantages of low-volume hospitals. To
prove the hypothesis, initial experiences of surgeons who
are conducting laparoscopic surgery of gastric cancer were
collected from several institutions, including high-volume
centers and low-volume hospitals.

MATERIALS AND METHODS
Patients and Data Collection

A high-volume center and a low-volume hospital were
defined by the number of gastric cancer operations per-
formed in 1 year: in a high-volume center, more than 100
gastric cancer operations were performed 1 year, while in a
low-volume hospital, fewer than 100 gastric cancer oper-
ations were performed in that time.>'*~'*

Six gastric cancer surgeons were recruited in this study.
Three of them worked in high-volume hospitals, while the
other three surgeons worked in low-volume hospitals. Each
surgeon was trained for 2-3 years in high-volume centers
such as tertiary-care university hospitals before moving to
current workplace. They have performed at least 180 open
and laparoscopic gastrectomy cases in 1 year as operator or
the first assistant during fellowship training. All teaching

TABLE 1 Details of fellowship training

staffs of recruited six surgeons were specialized gastric
cancer surgeons who had more than 20 years’ experience
in gastric cancer operations. The details of the training of
six surgeons are summarized in Table 1. The ages of the
six surgeons ranged from late 30 s to mid-40 s. Approxi-
mately 50 initial laparoscopic gastrectomy cases were
collected from each surgeon for the study. Eligibility cri-
teria for enrolled surgeons and cases are described in
Fig. 1.

Clinical data of the enrolled patients including demo-
graphics and operative details, pathologic data, and short-
term postoperative outcomes were collected retrospectively
from the gastric cancer registry of the surgeons’ hospitals.

Preoperative clinical characteristics were classified
according to the American Society of Anesthesiologists
(ASA) classification. The pathologic stage was classified
according to the 7th edition of the American Joint Cancer
Committee tumor, node, metastasis (TNM) classification
system. Postoperative morbidities were categorized with
the Clavien—Dindo classification.'?

This study was approved by the institutional review
board of the Ethics Committee of the enrolled institutions
(UC16RIMIO0018). Patient records were anonymized and
deidentified before analysis.

Statistical Analysis

Differences between the two groups were analyzed by
Student’s ¢ test for continuous variables and Chi square test
or Fisher’s exact test for proportions. Statistical analyses
were performed by SPSS 13.0 software (IBM SPSS,

Training High-volume center surgeon Low-volume hospital surgeon
Park DJ Hur H Son SY Kim MG Lee JH Lee HH
Training Seoul National Seoul St. Mary’s Seoul National Asan Medical Seoul National Seoul St. Mary’s
hospital University Hospital, College University Center, University Hospital, College
Hospital & of Medicine, The Bundang University of Bundang of Medicine, The
Bundang Hospital, = Catholic University =~ Hospital, Ulsan College Hospital, Catholic University
College of of Korea College of of Medicine College of of Korea
Medicine Medicine Medicine
Duration 3 2 3 2 3 3
(years)
No. 350 200 180 500 400 200
participated
in operation
(per year)*
No. on 2 2 2 2 2 2
teaching
staff®

# Average approximate value of gastric cancer surgery

" Gastric cancer speciality surgeon
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FIlG' .1 S;lrgeons in.d case. Gastric cancer surgeons Gastric cancer surgeons

selection from each institution belonging to the high-volume belonging to the low-volume
centers hospitals

e —

2) Similar age

Criteria for enrolled surgeons i
1) Performed laparoscopic operations more than 50

3) Trained in tertiary teaching university hospital during 2-3 years
4) Same number of surgeons belonging to two groups

y
6 surgeons

N

Criteria for enrolled cases

1) Initial 50 cases of laparoscopic gastric cancer operation
2) Laparoscopic gastrectomy ¢ lymph node dissection

3) Accurate medical records including pathological report

/\

center surgeons

137 cases of 3‘high-volume 147 cases of 3 low-volume

hospital surgeons

Chicago, IL, USA). Values of P < 0.05 were deemed to
indicate statistical significance.

RESULTS

Excluding unmatched cases with enrollment criteria, a
total of 284 patients were finally included in the present
study: 137 patients and 147 patients belonged to the high-
volume centers and the low-volume hospitals, respectively
(Fig. 1). Enrolled high-volume centers have been conduct-
ing gastric cancer surgeries more than 300 cases (mean
473.7 £ 161.9, median [range] 375 [365-820]) in 1 year
and low-volume hospitals have been conducting about 80
cases (mean 80.4 £ 12.0, median [range] 82 [61-99]) in
1 year. Three surgeons in high-volume centers performed
their initial laparoscopic gastrectomy in 2006-2007,
2010-2011, and 2015-2016, respectively. Three surgeons in
low-volume hospitals performed their initial laparoscopic
gastrectomy in 2010-2012, 2012-2013, and 2013-2015,
respectively. All enrolled hospitals had adopted a clinical
pathway for perioperative management in these years.

The patients in high-volume centers were younger in age
and were composed of more female patients. Although
there was no difference in body mass index between the
two groups, ASA scores of the patients in low-volume
hospitals were significantly higher than those in high-vol-
ume centers (Table 2).

In high-volume centers the laparoscopy-assisted
approach was commonly performed, whereas in low-volume
hospitals more than 90% of the patients underwent totally
laparoscopic gastrectomy (P < 0.001). In both groups, distal

subtotal gastrectomy was performed most frequently.
However, surgeons in high-volume centers preferred the
Billroth I anastomosis followed by the Billroth II, while the
surgeons in low-volume hospitals selected Billroth II anas-
tomosis followed by Roux-en-Y reconstruction (P < 0.001).
Although surgeons in low-volume hospitals conducted sig-
nificantly more extended lymph node dissections compared
to those in high-volume centers (P < 0.001), operating time
and estimated blood loss during the operation did not differ
between the two groups (Table 2).

Pathologic features of the two groups are described in
Table 3. In both groups, laparoscopic gastrectomy was
performed most commonly in stage I gastric cancer, and
the RO resection rate was almost the same. There were no
differences between the two groups in all tumor charac-
teristics, including the number of collected lymph node and
TNM stage.

Postoperative recovery measures such as time to soft
diet and discharge did not significantly differ, even though
the patients in low-volume hospitals tended to stay longer
than those in high-volume centers. In terms of short-term
(within 30 postoperative days) morbidity according to the
Clavien-Dindo classification, there was no significant dif-
ference between the two groups. No mortality was reported
in either group (Table 4).

DISCUSSION

Both hospital volume and surgeon’s experience have a

strong influence on the postoperative outcomes of gastric

cancer surgery.'®'® Most hospitals with numerous
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TABLE 2 Comparison of patient characteristics and operative details
Characteristic High-volume hospital (n = 137) Low-volume hospital (n = 147) P
Age (years) 0.010
Mean + SD 59.0 £ 12.7 62.6 £ 10.4
Median (range) 59 (26-87) 62 (40-84)
Sex, n (%) 0.001
Male 81 (59.1) 115 (78.2)
Female 56 (40.9) 32 (21.8)
Body mass index (kg/m?) 0.192
Mean + SD 240 £ 34 246 £3.5
Median (range) 24.1 (16.6-35.3) 24.7 (15.8-35.2)
ASA score, n (%) <0.001
1 77 (56.2) 45 (30.6)
2 49 (35.8) 87 (59.2)
3 11 (8.0) 14 9.5)
4 0 (0.0 1.(0.7)
Approach, n (%) <0.001
Laparoscopy assisted 102 (74.5) 14 (9.5)
Total laparoscopy 35 (25.5) 133 (90.5)
Extent of resection, n (%) 0.099
Distal subtotal 119 (86.9) 131 (89.1)
Proximal subtotal 322 8 (5.4)
Total 15 (10.9) 8(54)
Lymph node dissection, n (%) <0.001
D1+ 95 (69.3) 64 (43.5)
D2 42 (30.7) 80 (54.4)
D2+ 0 (0.0) 3 (2.0)
Reconstruction, n (%) <0.001
Billroth I 71 (51.8) 18 (12.2)
Billroth 1T 35 (25.5) 72 (49.0)
Roux-en-Y 22 (16.1) 49 (33.3)
Uncut Roux-en-Y 6 (4.4) 0 (0.0)
Double tract 2 (1.5) 7 (4.8)
Esophagogastrostomy 1(0.7) 1 (0.7)
Operating time (min) 0.424
Mean + SD 195.1 +£49.9 200.3 £+ 59.1
Median (range) 185 (110-355) 190 (85-540)
Estimated blood loss (ml) 0.510

Mean + SD
Median (range)

159.8 + 145.4
100 (10-500)

173.9 £ 206.2
120 (10-2200)

Values are n (%) for categorical variables and mean + SD or medians (range) for others

operating cases possess established operating unit and pre-
and postoperative system for patients’ care.'” Additionally,
a specialized surgical team is prepared to assist the oper-
ator’s procedure.'” In case of cancer surgery, surgeon’s
experience is doubtless extremely important for postoper-
ative complications and long-term survival.?>*' Especially
in laparoscopic surgery, a well-arranged surgical unit and

team along with the surgeon’s individual experience play a
more crucial role compared to open surgeries.” However,
there has been no report addressing which factor is more
important or more effective in determining the patients’
outcomes. To resolve this question, data from one hospital
or one surgeon are clearly not enough. Therefore, the
present study was designed to be multi-institutional, and
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TABLE 3 Comparison of pathologic characteristics
Characteristic High-volume hospital (n = 137) Low-volume hospital (n = 147) P
Tumor size (cm) 0.896
Mean + SD 2.8 +28 28 +1.8
Median (range) 2.3 (0.1-29.0) 2.5 (0.1-11.0)
Multiplicity, n (%) 0.291
One 133 (97.1) 139 (94.6)
Multiple 4(2.9) 8(5.4)
Histologic type, n (%) 0.097
Papillary 0 (0.0) 2 (1.4)
Well 28 (20.4) 48 (32.7)
Moderate 46 (33.6) 42 (28.6)
Poor 33 (24.1) 28 (19.0)
Mucinous 1(0.7) 4 (2.7)
Signet ring cell 27 (19.1) 20 (13.6)
Other 2 (1.5) 3 (2.0)
Harvested lymph node (n) 0.106
Mean + SD 36.1 + 13.2 38.8 + 14.9
Median (range) 34 (10-81) 37 (5-78)
Depth of invasion, n (%) 0.378
Tl 111 (81.0) 109 (74.1)
T2 16 (11.7) 19 (12.9)
T3 7 (5.1) 11 (7.5)
T4a 3(2.2) 8(5.4)
Lymph node metastasis, n (%) 0.385
NO 112 (81.8) 123 (83.7)
N1 17 (12.4) 11 (7.5)
N2 5 (3.6) 5@3.4)
N3a 3(2.2) 6 (4.1)
N3b 0 (0.0) 2 (1.4)
Pathologic stage (AJCC, 7th edition), n (%) 0.711
I 118 (86.1) 120 (81.6)
1T 10 (7.3) 16 (10.9)
1 8 (5.8) 9 (6.1)
v 1 (0.7) 2(1.4)
Curability 0.799
RO 135 (98.5) 145 (98.6)
R1 2 (1.5) 1(0.7)
R2 0 (0.0) 1(0.7)

Values are n (%) for categorical variables and mean + SD or medians (range) for others

AJCC American Joint Committee on Cancer

surgeons from both high- and low-volume hospitals were
recruited. In addition, the number of surgeons in the two
groups was equally controlled, considering the number of
enrolled patients. The criterion for the surgeons’ experi-
ence was defined as fellowship training of 2-3 years before
beginning their own laparoscopic gastric cancer operations
in their current workplace.”** In terms of fellowship, all

recruited surgeons were trained in tertiary-care and teach-
ing university hospitals, in which more than 400 gastric
cancer surgeries are performed every year.

The composition of the patients in high-volume centers
and low-volume hospitals was significantly different with
respect to age, gender, and ASA score. The ASA score is
one of the most important factors to influence the
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TABLE 4 Comparison of postoperative course
Outcome High-volume hospital (n = 137) Low-volume hospital (n = 147) P
Duration of soft diet (day) 0.785
Mean + SD 51 +£18 50+£23
Median (range) 5 (3-20) 5 (3-27)
Duration of discharge (day) 0.071
Mean + SD 76 £29 12.1 £ 30.2
Median (range) 7 (2-23) 8 (2-365)
Morbidity (Clavien-Dindo)?, n (%) 0.088
I 8 (5.8) 9 (6.1)
I 8 (5.8) 9 (6.1)
Mla 6 (4.4) 0 (0.0)
1Ib 0 (0.0) 1(0.7)
IVa 0 (0.0) 1(0.7)
Mortality, n (%)* 0 (0.0 0 (0.0)

Values are n (%) for categorical variables and mean £ SD or medians (range) for others

* Within 30 postoperative days

postoperative course.>**> Patients in the low-volume hos-
pitals had a higher ASA score than those in the high-
volume centers; this can be explained by the significantly
older age of the patients in the low-volume hospitals. The
higher ASA score in low-volume hospitals can also be
explained by the lower socioeconomic status of the patients
and the relatively rural location of the hospitals.

In high-volume centers a laparoscopy-assisted approach
was commonly used, whereas in low-volume hospitals
most patients underwent gastrectomy through a totally
laparoscopic approach. This phenomenon should not be
attributed to the preference or the technique of the surgeons
but rather to the trend of time.”® Two surgeons in high-
volume centers had implemented most of their initial cases
before 2010, when laparoscopy-assisted gastrectomy using
extracorporeal anastomosis was popular.”’ On the other
hand, all surgeons in the low-volume hospitals had started
their own operations after 2010, when totally laparoscopic
gastrectomy with intracorporeal anastomosis was adopted
and was rapidly increasing in frequency.”® The differences
regarding the extent of lymph node dissection and recon-
struction method may be attributed to the surgeons’
preference. Considering that the operating time and the
amount of blood loss were not different between the two
groups despite the different operative method and course,
we think that the initial laparoscopic techniques used by the
surgeons in low-volume hospitals are virtually the same as
those used in high-volume centers for gastric cancer
operation. Although surgeons in low-volume hospitals
conducted significantly more extended lymph node dis-
sections compared to those in high-volume centers, the

number of retrieved lymph nodes did not differ between the
two groups. In fact, the difference between D2 and
D1+ dissection is whether to include lymph node station
11p or 12a in dissection. Inclusion of one station or two
stations actually might not affect the total number of
retrieved lymph node. Additionally, similar numbers of
retrieved lymph nodes also reflect the similar level of
laparoscopic gastric cancer surgeries in the two groups.
In addition to operative technique, surgeons’ experience
related to perioperative care can affect the postoperative
course of gastric cancer patients.”” As mentioned before,
patients in low-volume hospitals underwent laparoscopic
surgery of a similar level as that of the high-volume cen-
ters. However, they had significantly worse preoperative
characteristics, such as old age and higher ASA score. In
spite of such relatively unfavorable conditions, the short-
term (within 30 postoperative days) outcome was not dif-
ferent between the two groups. These results indicate that
surgeons’ overall operative skill and experience in post-
operative care overcame the effect of preoperative risk of
patients as well as the effect of hospital volume. The
duration of hospital stay in low-volume hospitals was
longer than that in high-volume centers, although there was
no statistical significance between the two groups. The
relatively long duration of stay in low-volume hospitals
could be explained by two reasons. First, the low-volume
group included two postoperative morbidity cases accord-
ing to the Clavien—Dindo classification, IIIb and IVa. The
IlIb and IVa cases were duodenal stump leakage and
esophagojejunostomy leakage, respectively, and they
required a longer-term in-hospital treatment. Second, the
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high-volume centers are characterized by a more aggres-
sive application of the clinical pathway and a subsequently
higher hospital room turnover rate.*'

Our study has several limitations. In a cancer-related
study, it is thought that long-term outcomes, including
overall survival rate, are informative and necessary to
prove a study’s validity. In this study, long-term data of
patients were not obtained because of the short follow-up
time of a few surgeons, although most patients of both
groups had stage I gastric cancer, which has a favorable
prognosis. Second, the present study had a retrospective
design. Third, our results could be applied to laparoscopic
surgery for cancer with high prevalence rate that facilitate
surgical training through many operations, such as gastric
cancer surgery in an East Asian country.

To sum up, regardless of preoperative patients’ charac-
teristics and operative methods, well-trained beginner
surgeons working in either low- or high-volume hospitals
achieved similar short-term outcomes in laparoscopic
gastric cancer surgery. These results suggest that the sur-
geons’ experience is the most important factor in affecting
the postoperative outcomes; their experience can offset the
effect of hospital volume in laparoscopic surgery. In other
words, the surgeons’ experience gained through exhaustive
training during their fellowship period is necessary in order
to perform laparoscopic surgery without difficulty in gas-
tric cancer.
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