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Abstract

This study aimed to investigate changes and perioperative mortality over a 6-year period within the Italian Hospital Informa-
tion System among patients with gastric cancer (GC) who underwent gastrectomies and to identify risk factors associated with
90-day mortality. Additionally, nationwide differences between high and low-volume hospitals were evaluated. A nationwide
retrospective study was conducted using patient hospital discharge records (HDRs) based on the International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) classification. The HDRs were linked to the National Tax
Registry records using deterministic record linkage. The data were obtained from the Italian National Outcomes Evaluation
Programme (PNE). Multivariate logistic regression was used to examine risk factors for 90-day mortality among patients
with GC who underwent partial or total gastrectomies over the period from 2018 to 2020 with adjustment for comorbidi-
ties. Overall, the number of patients with GC who underwent total or partial gastrectomies steadily decreased in Italy from
5765 in 2015 to 4291 in 2020 (p <0.001). The use of the laparoscopic approach more than doubled from 2015 (10.8%) to
2020 (26.3%), with a concomitant conversion rate from laparoscopy to open surgery decreasing from 7.7 to 5.8%. The 30
and 90-day mortality rates remained stable over time (p > 0.05). Low-volume hospitals had higher inpatient, early, and late
mortality compared to high-volume hospitals (5.9% vs 3.8%, 6.3% vs 3.8%, and 11.8% vs 7.9%, respectively; p<0.001).
Multivariate logistic regression analysis showed that an advanced age (adjusted odds ratio: 3.72; 95% [CI]: 3.15-4.39;
p<0.001), an open approach (adjusted-OR: 1.69, 95% CI: 1.43-1.99, p <0.001) and a total gastrectomy (adjusted-OR:
1.44,95% CI: 1.27-1.64, p <0.001) were independent risk factors for 90-day mortality. Additionally, patients with GC who
referred to high-volume hospitals were 26% less likely to die within 90 days after a gastrectomy than those who underwent
surgery in low-volume hospitals. During the 6-year period, surgeons implemented a minimally invasive approach to reduce
the conversion over time. Centralisation was associated with better outcomes while advanced age, an open approach, and
total gastrectomy were identified as risk factors for 90-day mortality.
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Introduction

Gastric cancer (GC) is the fifth most common malignancy
and the third leading cause of cancer-related death world-
wide [1]. In 2017, more than 1.22 million cases of stomach
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stantly. Over the last few decades, efforts have been made to
improve patient-related outcomes. A multimodal approach
with perioperative chemotherapy was established in the
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teams for the modern management of GC [4]. Furthermore,
the chance to perform gastrectomy using a minimally inva-
sive approach without compromising survival for locally
advanced GC is consolidated not only in Eastern countries
[5, 6] but also in Western populations [7-9] when experi-
enced surgeons are available in high-volume centres. The
increase in the use of the laparoscopic approach and the
trend towards the centralisation of care have inevitably influ-
enced the outcomes of patients with GC in Italy.

The aim of the current study was to provide a comprehen-
sive and real overview of the changing trends and periopera-
tive mortality of patients with GC who underwent gastrec-
tomy within the Italian hospital information system (HIS)
over a 6-year period and to investigate the risk factors asso-
ciated with 90-day mortality. Additionally, we investigated
the nationwide impact of hospital volume on GC treatment.

Methods
Source and data collection

A nationwide retrospective study was conducted using
patient hospital discharge records (HDRs) based on the
International Classification of Diseases, 9th Revision, Clin-
ical Modification (ICD-9-CM) classification, provided by
more than 1300 public and private Italian hospitals from
the National HIS. Hospital discharge data are routinely col-
lected by the Italian Ministry of Health and contain patient
demographic information (sex and age), admission and dis-
charge dates, up to six discharge diagnoses (ICD-9-CM),
medical procedures or surgical-related characteristics, and
status at discharge (alive, dead, or transferred to another
hospital). In addition, the National Tax Registry was used
to determine vital status or death after hospitalisation. The
HDR was linked to the National Tax Registry records using
deterministic record linkage.

Data were obtained using the National Outcomes Evalu-
ation Programme (PNE) [10]. All patients discharged from
ordinary wards between 2015 and 2020 with a primary
diagnosis of gastric cancer [ICD-9-CM code 151.1, 151.2,
151.3, 151.4, 151.5, 151.6, 151.8, or 151.9] who underwent
a total or partial gastrectomy procedure [ICD-9-CM codes
43.5-43.9] were enrolled in the study. Partial gastrectomy
includes both proximal and distal gastrectomy with esopha-
geal, duodenal, or jejunal anastomosis. Patients with GC
who were diagnosed with gastric cardia cancer (Siewert clas-
sification esophagogastric junction tumour: type III) were
excluded because of different prognoses and management.

Tumour site, type of gastrectomy (partial or total), length
of hospital stay (LOS), early mortality (within 30 days of
the index hospitalisation), late mortality (within 90 days
of the procedure), surgical approach (laparoscopy, open,
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conversion to open surgery), hospital volume expressed
as the number of procedures per year, hospital geographi-
cal area, and patient mobility through Italian regions were
analysed.

Finally, patients’ comorbidities were gathered over the
current and previous 5 years that could affect the outcome,
according to the PNE gastric cancer protocol [10].

Statistical analyses

The first descriptive analysis was performed to show the
trends in demographic and clinical variables. Continuous
variables were analysed using the Cochran-Armitage trend
test, whereas differences among medians were tested using
the Kruskal-Wallis test. Hospital facilities were dichot-
omised into low-volume (<21 procedures/year) and high-
volume hospitals (>21 procedures/year) [11, 12]. Multivari-
ate logistic regression adjusted for baseline comorbidities
and geographical area was used to evaluate risk factors of
90-day mortality among patients with GC who underwent
gastrectomy over the period from 2018 to 2020.

Patients’ selection and all statistical analyses were per-
formed using SAS Studio 3.81 (Enterprise edition) with a p
value < 0.05 considered statically significant.

Results

The baseline characteristics of the patients involved from 1
January 2015 to 31 December 2020 are detailed in Table 1.
Overall, the number of patients with GC who underwent
total or partial gastrectomies steadily decreased from 5765
in 2015 to 4291 in 2020 (p < 0.001).

Approximately, 59% of the patients who met the selec-
tion criteria were male and a positive trend in patients who
underwent surgery for GC for > 80 years (p <0.001) was
observed in this timeframe.

The number of total gastrectomies decreased signifi-
cantly over time from 35.5% in 2015 to 29.3% in 2020
(p<0.001), and, at the same time, the proportions of patients
who underwent partial gastrectomies increased from 64.5
to 70.7% (Fig. 1). Although a steady decline in the num-
ber of patients was observed from 2015 to 2020, the use of
laparoscopy (Fig. 2) more than doubled from 2015 (10.8%)
to 2020 (26.3%), with a concomitant conversion rate from
laparoscopic to open surgery decreasing from 7.7 to 5.8%
(p<0.001). No evidence was found of changes in patient
mobility between the regions of the country over the analysis
time.

Table 2 shows trends in postoperative outcomes. Early
and late mortality remained stable over time and the



Updates in Surgery (2023) 75:1873-1879

1875

Table 1 Baseline demographic and clinical characteristics of gastric cancer patients undergoing partial or total gastrectomy in Italy (2015-2020)

2015 2016 2017 2018 2019 2020 p-value
Patients (n) 5765 5621 5358 5239 4982 4291 <0.001
Median age (IQR) 74(14) 74(14) 74(14) 74(14) 74(15) 74(14) 0.107
Age—years (%) <0.001
<70 36.8 34.9 359 339 34.5 339
70-80 42.8 42.7 41.4 414 40.4 41.5
>80 20.5 22.4 22.7 24.7 25.1 24.7
Gender (%) 0.602
Male 59.2 57.9 58.8 58.0 57.7 59.0
Female 40.9 42.1 41.2 42.0 423 41.0
Tumour location (n) <0.001
Antrum and pylorus (%) 1700 (29.5) 1684 (30.0) 1447 (27.0) 1349 (25.8) 1255(25.2) 1019 (23.8)
Fundus, corpus and other locations of the stomach 4065 (70.5) 3937 (70.0) 3911 (73.0) 3890 (74.2) 3727 (74.8) 3272 (76.2)
(%)
Type of surgery (n) (%) <0.001
Partial gastrectomy (%) 3721 (64.5) 3687 (65.6) 3545 (66.2) 3548 (67.7) 3346 (67.2) 3032 (70.7)
Total gastrectomy 2044 (35.5) 1934 (34.4) 1813 (33.8) 1691 (32.3) 1636 (32.8) 1259 (29.3)
Surgical approach (n): <0.001
Laparoscopy 623 (10.8) 713 (12.7) 887 (16.6) 1045 (20.0) 1153 (23.1) 1127 (26.3)
Open (%) 5090 (88.3) 4840 (86.1) 4386 (81.9) 4124 (78.7) 3760 (75.5) 3095 (72.1)
Conversion to open surgery (%) 52 (0.9) 68 (1.2) 85 (1.6) 70 (1.3) 69 (1.4) 69 (1.6)
Conversion rate (%) to open surgery 7.7 8.7 8.7 6.3 5.6 5.8 <0.001
Mobility outside region of origin for treatment (%) 496 (8.6) 508 (9.0) 492 (9.2) 540 (10.3) 467 (94) 374 (8.7) 0.294

Fig. 1 Distribution of patients
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median hospital stay (from the day of surgery) significantly
decreased by 1 day (p <0.001).

The comparative analysis between low and high-vol-
ume centres from 2018 to 2020 (Table 3) showed that
patients with GC were significantly older in hospitals

with <21 procedures/year (mean age 73.2 vs 70.9 and
median age 75 vs 73 years); this was also confirmed by
the prevalence of patients > 80 years (27.5% vs 21.4%,
p <0.001). There was strong evidence that high-volume
hospitals performed more total gastrectomies with a
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Fig. 2 Distribution of patients
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Table 2 Postoperative outcomes of GC patients who underwent partial or total gastrectomy in Italy (2015-2020)
2015 2016 2017 2018 2019 2020 p-value
Patients (n) 5765 5621 5358 5239 4982 4291 <0.001
Length of hospital stay—days (IQR) 11 (6) 11 (6) 11(7) 10 (6) 10 (6) 10 (6) <0.001
In-hospital mortality (%) 331(5.7) 308 (5.5) 247 (4.6) 256 (4.9) 246 (4.9) 218 (5.1) 0.049
30-day mortality (%) * 343 (6.0) 308 (5.5) 264 (4.9) 248 (4.7) 262 (5.3) 243 (5.7) 0.256
90-day mortality (%) * 639 (11.1) 605 (10.8) 529 (9.9) 502 (9.6) 503 (10.1) 460 (10.7) 0.162
*Including deaths during recovery
higher rate of laparoscopic approaches than low-volume Discussion

centres (p <0.001). In addition, the median hospital stay
after surgery was 2 days shorter in high-volume hospitals
(» <0.001).

Patients with GC who underwent surgery in low-vol-
ume hospitals had higher inpatient, early, and late mor-
tality (5.9% vs 3.8%, 6.3% vs 3.8%, and 11.8% vs 7.9%,
respectively; p <0.001). Furthermore, approximately 15%
of patients referred to high-volume hospitals for treatment
moved out of the region.

Multivariate logistic regression analysis (Table 4)
showed that older patients (adjusted odds ratio: 3.72; 95%
[CI]: 3.15-4.39; p<0.001) are almost four times more
likely to die within 90 days than younger patients, while
females were about 13% less likely to die than males.
The open approach and total gastrectomies were strongly
associated with 90-day mortality (adjusted-OR: 1.69, 95%
CI: 1.43-1.99, p <0.001; adjusted OR: 1.44, 95% CI:
1.27-1.64, p<0.001, respectively). In addition, patients
with GC who were referred to high-volume hospitals were
26% less likely to die within 90 days of gastrectomy than
those who underwent surgery in low-volume hospitals
(» <0.001).
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The present study provides an overview of the trends and
achievements during 6 years of GC surgery in Italy using
the Italian National Healthcare Outcomes Program (PNE
2022).

Laparoscopic gastrectomy significantly increased from
10.8 in 2015 to 26.3% in 2020, and a concomitant reduc-
tion was observed for the open approach. In addition, con-
version to open surgery decreased over time as indirect
evidence of proficiency. A similar trend emerged from data
analysis of the National Cancer Database (NCDB) between
2010 and 2015 [13]. In the USA, the use of minimally
invasive approaches for gastrectomies has increased annu-
ally with improved oncologic outcomes, while the use of
open operations has declined each year. In contrast, the
laparoscopic gastrectomy rate reached 40.8% in 2013 in
the East, based on the Japanese Gastric Cancer Association
Registry data [14]. This discrepancy with the percentage
found in the present study was probably due to the paucity
of evidence on long-term outcomes following laparoscopic
resection at the time and the limited application of Eastern
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Tab]e 3 Distribution of GC . Hospitals with>21 Hospitals with<21 p-value
patients ‘operated on by hospital gastrectomy/year gastrectomy/year
volume in Italy (2018-2020) N patients=6304 N patients = 8208
Median age (IQR) 73 (16) 75 (14) <0.001
Age—years (%) <0.001
<170 38.7 30.6
70-80 39.9 42.0
>80 214 27.5
Gender (%) 0.475
Male 58.5 57.9
Female 41.5 42.1
Tumour location (%) 0.191
Antrum and pylorus 24.4 25.4
Fundus, corpus and other locations of the stomach  75.6 74.6
Type of surgery (%) <0.001
Partial gastrectomy 64.9 71.1
Total gastrectomy 35.1 28.9
Surgical approach (%) <0.001
Laparoscopy 26.1 20.5
Open 72.6 78.0
Conversion to open surgery 1.3 1.5
Lenght of hospital stay—days (IQR) 9 (6) 11(7) <0.001
90-day mortality (%) 7.9 11.8 <0.001
30-day mortality (%) 3.8 6.3 <0.001
In-hospital mortality (%) 38 5.9 <0.001
Mobility outside region of origin for treatment (%)  14.9 54 <0.001

data on Western populations (BMI, comorbidities, and dif-
ferent biological cancer behaviours) [15].

The 30- and 90-day mortality rates after GC surgery
remained relatively stable, ranging from 4.7-6.0% to
9.6-11.1%, respectively, over the study period. These find-
ings are consistent with those of previous studies. Data from
the French National Health Service database, including
11,196 patients with gastric (70%) and oesophageal can-
cer (30%), showed 30- and 90-day postoperative mortality
rates of 5% and 9%, respectively [16]. Similarly, in a Dutch
population of 4,837 patients with GC, the 30-day mortality
rate was approximately 6% [17]. However, centralisation
played a pivotal role in both studies, as it was associated
with improved oncologic outcomes. Comparing high- and
low-volume hospitals, in our analysis, we observed not only
lower readmission and mortality rates but also higher use
of a minimally invasive approach and total gastrectomy
in hospitals with > 21 procedures/years. A significant and
strong association between hospital volume and survival
benefits for patients with gastric cancer surgery has been
widely recognised [12, 18, 19]. In the current study, the
hospital high volume was emphasised in the multivariate
regression analysis as an independent protective factor for
90-day mortality. However, particular attention should be

paid to the relationship between mortality rate and surgeon
volume. Regarding gastric cancer surgery, patients treated by
experienced surgeons have a better prognosis, with improved
survival and lower locoregional recurrence and anastomotic
leakage rates [20-22].

The open approach and total gastrectomies were strongly
associated with 90-day mortality. These findings are con-
sistent with those of a recent Swedish population-based
cohort study, including 622 patients with GC. Compared
with open surgery, the laparoscopic approach was associ-
ated with significantly lower 30- and 90-day mortality rates
[23]. Similarly, the advantages of laparoscopy in terms of
90-day mortality were confirmed in a French cohort study of
10,343 patients who underwent both distal and total gastrec-
tomy [24]. However, conflicting results remain in the litera-
ture [25], and several factors that could affect the prognosis
should be considered, such as neoadjuvant treatment and
lymph node dissection [26, 27]. Furthermore, it is reasonable
to assume that larger or more advanced tumours were treated
with open gastrectomy in many hospitals, partially limiting
the consistency of our finding.

The main strengths of this study are the large sample size
and real-world data from a Western population-based per-
spective. However, this study had some limitations. Because
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Table 4 Multivariate logistic
regression analysis for the
evaluation of risk factors

of 90-day mortality among

GC patients undergoing

partial or total gastrectomy

(N patients=14,512) in

Italy (2018-2020), adjusted

for geographical area and
comorbidities (diabetes, obesity,
lipid metabolism disorders,
anaemia, coagulation defects,
other haematological diseases,
arterial hypertension, ischemic
heart disease, previous coronary
revascularisation, heart failure,
other heart diseases/operations,
arrhythmias, brain circulatory
disorders, chronic obstructive
pulmonary disease and chronic
respiratory failure, chronic
kidney failure, moderate/
severe liver disease, chronic
inflammatory bowel disease,
pancreatic disease, hemiplegia
and other paralysis, dementia
including Alzheimer and

Parkinson disease, malnutrition,
dehydration, disorders of acid—
base balance, cachexia, previous
surgery of gastrectomy)

N OR* 95% CI p-value

Age (years)

<70 4948 1

70-80 5963 1.876 1.599 2.201 <.0001

>80 3601 3.718 3.152 4.385 <.0001
Gender

Male 8446 1

Female 6066 0.874 0.777 0.983 0.025
Tumour location

Fundus, corpus and other locations of the stomach 10,889 1

Antrum and pylorus 3623 1.078 0.941 1.235 0.280
Surgical approach

Laparoscopy 3325 1

Conversion to open surgery" 208 1.875 1.165 3.018 0.010

Open 10,979 1.691 1.437 1.990 <.0001
Type of surgery

Partial gastrectomy 9926 1

Total gastrectomy 4586 1.441 1.270 1.636 <.0001
Mobility outside region of origin for treatment

No 13,131 1

Yes 1381 0.859 0.685 1.076 0.186
Hospital volume

<21 gastrectomy/year 8208 1

>21 gastrectomy/year 6304 0.738 0.654 0.832 <.0001

the registration of baseline characteristics in the HIS is lim-
ited, relevant information regarding the stage of the disease,
neoadjuvant therapy, lymph node dissection, and histopatho-
logical details are not available. Furthermore, the quality of
the data entered from each hospital may have been prone
to bias (i.e. underreporting, miscoding), and the impact of
Sars-Cov-2 on elective surgical activity in 2020 was not con-
sidered in the analysis. Another limitation is the cutoff for
surgical procedures to define high and low-volume centres,
which have been defined differently over the years and in
different countries.

Conclusion

The awareness and a comprehensive critical assessment of
GC “state-of-art” in a large-scale population may help to
better understand the quality of care and improve the future
decision-making process with potential implications in the
clinical practice. During the 6-year period, we recorded the
unmodified early and late mortality rates after GC surgery.
Surgeons have implemented a minimally invasive approach
to reduce the conversion rate over time. Centralisation was
associated with better outcomes and advanced age, open
approach, and total gastrectomy were identified as risk fac-
tors for 90-day mortality.
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