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Objective: To evaluate the feasibility, safety, and effectiveness of a comprehensive regional program, including the Minimally Invasive 
Recovery and Empowerment Care (MIREC) pathway, that can significantly reduce hospital stays after laparoscopic gastrectomy 
without increasing adverse events.
Background: Cost-effectiveness and improving patient outcomes are crucial in providing quality gastric cancer care worldwide.
Methods: To compare the outcomes of gastric cancer surgery using 2 different models of care within an integrated healthcare 
system from February 2012 to March 2023. The primary endpoint was the length of hospital stay. The secondary endpoints were 
the need for intensive care unit care, emergency room (ER) visits, readmission, reoperation, and death within 30 days after surgery.
Results: There were 553 patients, 167 in the pre-(February 2012–April 2016) and 386 in the post-MIREC period (May 2016–March 
2023). Perioperative chemotherapy utilization increased from 31.7% to 76.4% (P < 0.0001). Laparoscopic gastrectomy increased 
from 17.4% to 97.7% ( P < 0.0001). Length of hospitalization decreased from 7 to 2 days (P < 0.0001), with 32.1% and 88% of 
patients discharged home on postoperative day 1 and postoperative day 2, respectively. When comparing pre- and post-MIREC, 
intensive care unit utilization (10.8% vs. 2.9%, P < 0.0001), ER visits (34.7% vs. 19.7%, P = 0.0002), and readmission (18.6% vs. 
11.1%, P = 0.019) at 30 days were also considerably lower. In addition, more patients received postoperative adjuvant chemotherapy 
(31.4% to 63.5%, P < 0.0001), and the time between gastrectomy and starting adjuvant chemotherapy was also less (49–41 days; 
P = 0.002).
Conclusion: This comprehensive regional program, which encompasses regionalization care, laparoscopic approach, modern 
oncologic care, surgical subspecialization, and the MIREC pathway, can potentially improve gastric cancer surgery outcomes. These 
benefits include reduced hospital stays and lower complication rates. As such, this program can revolutionize how gastric cancer 
surgery is delivered, leading to a higher quality of care and increased value to patients.
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INTRODUCTION
In the United States, unlike in many other countries, gastric 
cancer is relatively rare compared with other cancers. Gastric 
cancer is the 5th most common cancer worldwide.1–3 The 
management of gastric cancer has evolved in the last decade. 
Modern systematic chemotherapeutic agents have advanced, 
and targeted therapy, either preoperatively or postoperatively, 
being introduced in a select group of patients. However, gas-
trectomy remains a vital pillar of current multimodal treatment 

for gastric cancer.4 Surgical care accounts for almost one-third 
of US healthcare spending.5 While modern advances in the sur-
gical management of gastric cancer have improved outcomes, 
their impact on cost is unclear. Laparoscopy, a minimally inva-
sive approach, has shown favorable clinical outcomes compared 
with open gastrectomy.6,7 Integration of prehabilitation-early 
recovery after surgery (prehab-ERAS) programs have markedly 
improved perioperative care;8 however, it remains uncertain 
how these advances affect the length of hospital stay (LOS) and 
rate of unintended return to care after gastrectomy.

In early 2016, Kaiser Permanente Northern California imple-
mented a regionalized care system for upper gastrointestinal 
cancer patients, aiming to increase physician specialization and 
ensure standardized workflows. We introduced a laparoscopic 
approach and a new care pathway (minimally invasive recovery 
and empowerment care pathway [MIREC]). This study aimed 
to evaluate the impact of these multifaceted systematic changes, 
from our program, on short-term outcomes, specifically the 
LOSs, and the rate of unintended return to care.

METHODS
Before early 2016, each of the 19 medical centers of Kaiser 
Permanente Northern California provided separate diagnoses 
and treatments for esophagogastric cancer. However, region-
alizing care was implemented to improve clinician special-
ization, case volume, and delivery of guideline-concordant 
care. Surgically, this was achieved by limiting the number of 
hospitals and physicians treating such cases. As a result, a 
central multidisciplinary tumor board was created to review 
every newly diagnosed patient with gastric cancer and rec-
ommend guideline-concordant tests and treatment. Currently, 
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only 2 medical centers and 6 surgeons are designated to per-
form gastric cancer surgery, while medical oncologists were 
also encouraged to subspecialize in each of the 19 medical 
centers. Laparoscopic gastrectomy and lymphadenectomy 
were conducted according to the Japanese Gastric Cancer 
Treatment Guidelines (Japanese Gastric Cancer Assoc., ver-
sion 5).9 Gastrointestinal tract reconstruction was performed 
via Roux-En-Y with either esophagojejunostomy or gastroje-
junostomy. The MIREC pathway was introduced at the 2 des-
ignated gastric cancer surgery centers to evaluate its impact 
on short-term outcomes, such as the LOS and rate of unin-
tended return to care.

The MIREC pathway consists of multiple parallel care ini-
tiatives including a comprehensive, multifaceted patient educa-
tion program created to guide the expectations of both patients 
and their families. The program included thorough education 
on perioperative preparation, surgical and anesthetic infor-
mation, and the adoption of a prehab-ERAS protocol when 
it became available. Anesthesia, perioperative nursing, and 
dietary teams were educated on the MIREC pathway. These 
teams were essential partners who sought to understand each 
patient’s condition, capacity, and needs; to provide guid-
ance; to build trust; and to reinforce the treatment goals and 
MIREC program with the patients and their families during 
each encounter. For example, the surgical team, including a 
specialized nutritionist, uniformly emphasizes the critical role 
of nutritional optimization before gastrectomy, answers ques-
tions, and asks patients to summarize their understanding of 
the team. Our team provided patients with clear information 
on food choices and tips to increase their protein intake. We 
aimed to empower patients and instill confidence in them to 
take their nutritional guidelines seriously. We offer an acces-
sible online patient portal to connect patients with the surgi-
cal team and provide ongoing support. As a team, we shared 
the same goals and assessed each patient’s compliance at 
every encounter. We offer feedback to help patients progress 
towards their goals. On average, patients will have 5 encoun-
ters with the surgical team, including 2 visits with the surgeon, 
2 appointments with the nutritionist, and 1 meeting with the 
physician assistant before gastrectomy.

Information for Patient and Family-Concerning 
Surgery-Recovery

The information involved in surgery recovery included: plan 
for help at home postoperatively, optimization of preexisting 
chronic medical conditions, expectations both before and after 
surgery, use of opioid-sparing pain management, early initiation 
of oral intake, need for physical activity very early postoper-
atively, instructions about incisional care, and situations that 
should stimulate contact with a medical provider.

Determination of Candidacy for the MIREC Pathway

After regionalization in the Kaiser Permanente Northern 
California network, all patients with gastric cancer were eval-
uated for the MIREC pathway. Because the MIREC pathway is 
a comprehensive perioperative approach to prepare patients for 
surgery and enhance their recovery. There are no strict criteria 
to exclude patients from this pathway before surgery. Our team 
actively implemented multimodal pain management (Tylenol, 
nonsteroidal anti-inflammatory drugs, gabapentin, and trama-
dol) to avoid long-acting narcotics and regional anesthesia. 
Surgical drains, feeding tubes, or postoperative upper gastro-
intestinal radiographic studies are no longer routinely used. A 
nasogastric tube and urinary catheter were used during surgery 
and removed in the operating room at the end of the operation. 
We encouraged the patients to ambulate and take oral liquids a 
few hours after surgery.

The decision to discharge the patients’ homes was made 
by the individual surgeon, considering all aspects of care and 
support. The criteria for discharge included the absence of any 
symptoms or signs indicating postoperative complications, abil-
ity to walk, sip liquids, oral nutritional supplements without any 
nausea or vomiting, and reasonable pain control. The attending 
surgeons would walk with the patients the morning after sur-
gery and explain the intraoperative findings and postoperative 
care plan, while also addressing any questions and understand-
ing the patient’s physical and emotional changes.

The process of discharging patients who have undergone 
gastric cancer surgery was carefully planned and executed. We 
ensured each patient had a reliable adult companion to assist 
them during their recovery at home, at least for the first night. 
Some patients may have required an extended hospitalization 
for medical or nonmedical reasons. We instructed the patients 
to follow a liquid diet, including broth, soup, and high-caloric 
protein shakes, with small volume and frequent intake, for the 
first week after the surgery. Gradually, they were allowed to 
introduce pureed-soft food in the second week. The patients 
were also required to use spirometry, ambulate several times a 
day, and adhere to the pain medication protocol specific to each 
patient. All these measures were taken to avoid any complica-
tions and promote healing. The surgical team conducted the 
first postdischarge visit via telephone or video within 24 to 48 
hours of discharge. The team continued with several-day inter-
vals to assess patients’ recovery conditions, identify potential 
issues, listen to patients, and provide further support. Patients 
were instructed to visit the emergency room (ER) if they had 
any substantial concerns about their recovery, such as presyn-
cope, shortness of breath, or chest pain. Follow-up visits were 
conducted within a few days of the surgery, and the information 
technology services tracked all patients using a computer algo-
rithm that not only reported the outcomes, including 30-day ER 
visits, readmission, and reoperation, on an online dashboard but 
also alerted the team for the next scheduled “visit.” The results 
were shared transparently via an online dashboard and with the 
surgery group during the regularly scheduled group meetings.

Design of Study Population

This study analyzed the outcomes of patients who underwent elec-
tive gastrectomy for gastric cancer between February 2012 and 
March 2023, within the Northern California Kaiser Permanente 
health plan. This study compared results between annual incep-
tion cohorts, namely the pre- and post-regionalization eras, to 
eliminate systematic differences in disease and attribute out-
come changes to care differences rather than selection bias. The 
study included patients aged 17 years and above while exclud-
ing nonelective surgery (ie, emergent, or urgent) and palliative 
resection performed within 48 hours of admission.

Patients were classified based on their date of treatment as 
preregionalized (February 2012–April 2016) or postregion-
alized (May 2016–March 2023). The MIREC pathway was 
applied to all surgical patients in the postregionalization era. 
The primary endpoint was LOS after implementing the MIREC 
pathway. The secondary endpoints were the rates of all-cause 
postoperative 30-day unintended return to care: emergency 
room visits, readmissions, reoperation, mortality, and need for 
care in the intensive care unit (ICU). All postoperative compli-
cations were evaluated retrospectively in this study. The pro-
gram was approved by the institutional review board, and 
informed consent was waived because of the minimal risks to 
the participants.

Data Collection

Information was obtained from an integrated network elec-
tronic health plan registry. Patient demographic information was 
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obtained from the membership data. The American Society of 
Anesthesiologists (ASA) class, body mass index (BMI), and sur-
gical outcomes were obtained from electronic medical records 
integrated across all 19 Kaiser centers, including operative time, 
postoperative emergency room visit, readmission, reoperation, 
and mortality rates at 30 days.

Statistical Analysis

Data were analyzed using the SAS software, version 9.04.01 
(SAS Institute, Cary, NC, USA). Chi-square was used in bivari-
ate analyses to assess the association of regionalization (pre vs. 
post) with changes in care and outcomes. Mann–Whitney and t 
tests were used for bivariate and multivariate analyses of contin-
uous variables, respectively.

RESULTS
We identified 553 patients with gastric cancer who underwent 
elective gastrectomy with lymphadenectomy between February 
2012 and August 2022, of whom 167 underwent pre- (February 
2012–April 2016) and 386 post-MIREC (May 2016–March 
2023). There were 426 subtotal and 127 total gastrectomies. 
Of these, 406 were laparoscopic gastrectomies, and 147 were 
open. Demographic characteristics of the pre- and post-MIREC 
cohorts were similar. The mean age was 65.7 years; 42% of 
them were female. When considering all patients, the average 
BMI was 26.3 kg/m2, and the ASA class was 2.7. Almost one-
third were Asian, and nearly a quarter were White and Hispanic 
(Table 1). Subtotal gastrectomy was performed in 73.6% of the 
pre- and 78.5% post-MIREC eras (P = 0.213). The proportion 
of patients who underwent a laparoscopic resection increased 

TABLE 1.

Demographic of Patients With Gastric Cancer Who Underwent Elective Gastrectomy

Pre-MIREC

(Feb 2012–Apr 2016)

(N = 167)

Post-MIREC

(May 2016–Mar 2023)

(N = 386)

Characteristic N % N % P Value

Age
 Median
 18–59
 60–69
 70–79
 80+

65.7
50
48
46
23

29.9
28.7
27.5
13.8

65.7
101
127
105
53

26.2
32.9
27.2
13.7

0.741

Sex
 Female 69 41.3 163 42.2

0.842

Race
 White
 Asian
 African American
 Hispanic
 Others

40
61
19
41
6

23.9
35.9
11.3
24.0
4.2

99
134
31

108
14

25.7
34.7
8.0

28.0
3.6

0.700

Body mass index (BMI)
 Median
 Underweight (<18.5)
 Normal (18.5–25)
 Overweight (25–30)
 Obese (30 or higher)

26.3
8

71
51
37

4.8
42.5
31.1
22.2

26.0
13

174
126
73

3.4
45.1
32.6
18.9

0.666

Neoadjuvant chemotherapy received
 Yes 53 31.7 295 76.4

<0.0001

Time between last chemotherapy to gastrectomy (days)
 Median 46 41

0.509

ASA class
 Median
 1–2
 3
 4

2.7
54

100
13

29
59.9
7.8

2.7
133
246

7

34.5
63.7
1.8

0.003

Tumor T-stage*
 pT0-pTis
 pT1
 pT2
 pT3
 pT4

8
28
26
46
47

5.2
18.1
16.8
29.9
30.3

33
98
47

100
108

8.6
25.4
12.2
25.9
28

0.139

Tumor N stage*
 pN0
 pN1
 pN2
 pN3

70
36
22
27

45.2
23.2
14.2
17.4

190
66
46
84

49.2
17.1
11.9
21.8

0.398

Kaiser Permanente Northern California, pre- and post-MIREC pathway, Feb 2012 to March 2023.
*Unknown tumor T-stage and N stages: n = 12.
ASA indicates American Society of Anesthesiologists; MIREC, minimally invasive recovery and empowerment care.
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from 17.4% in the pre- to 97.7% in the post-MIREC period 
(P < 0.0001).

The median LOS decreased from 7 to 2 days (P < 0.001) 
in the post-MIREC period, while all-cause postoperative need 
for care in the ICU (10.8%–2.9%, P = 0.0001), 30-day ER 
visits (34.7%–19.7%, P = 0.0002), and hospital readmissions 
(18.6%–11.3%, P = 0.0186) were also significantly lower in the 
post-MIREC era. The All-cause reoperations (6.0% vs. 6.7%, 
P = 0.745) and mortality (0.6% vs. 1.0%, P = 0.618) at 30 days 
did not differ (Table 2).

The percentage of patients discharged home on postoperative 
day-1 (POD-1) increased from 0% in the preregionalization era 
to 13% in 2016, the first year of the MIREC pathway initia-
tion, and continued to increase over 5 years to 60% by 2022. 
Furthermore, the percentage of patients discharged home within 
2 postoperative days (POD-1 and POD-2) also increased from 
2.4% in the preregionalization era to 34% in 2016 and contin-
ued to increase further to 88% by 2022 (Fig. 1).

Patients discharged home within 2 days after surgery did not 
differ from those who stayed longer than 2 days in terms of age, 
sex, race, BMI, and ASA class (Table 3). Of note, more patients 
who went home within 2 days were more likely to have under-
gone a laparoscopic gastrectomy (100% vs. 93.4%, P < 0.0001) 
and somewhat shorter duration of surgery (232.2 vs. 251 min, 
P = 0.0005). After initiating the MIREC pathway, the findings 
on unintended return to care showed that the 30-day ER visit 
was 16.8% vs. 25.0% (P = 0.053), and the 30-day hospital 

readmission rate was 9.2% vs. 14.7% (P = 0.101). The 30-day 
reoperation rate was 4.4% vs. 11.0% (P = 0.013), need for care 
in the ICU and mortality rates were 2% vs. 4.4% (P = 0.174) 
and 0.8% vs. 1.5% (P = 0.534), respectively, for these 2 groups 
of patients (Table 4). Changes over time since the initiation of 
the MIREC pathway showed that the duration of surgery and 
LOS continued to improve over time (Table 5). The effect of the 
minimally invasive surgical approach on clinical outcomes in 
the preregionalization era (N = 29) and postregionalization era 
(n = 377) was analyzed, and the results are shown in Table 6.

DISCUSSION
“Achieving a high value for patients must become the over-
arching goal of healthcare delivery, with value defined as the 
health outcomes achieved per dollar spent. This goal matters 
for patients and unites the interests of all actors in the system.” 
Porter et al.10

Healthcare expenses in the United States are substantially 
influenced by surgical care costs, particularly hospital beds and 
ICU utilization. A conventional hospital room can cost thou-
sands of dollars daily, whereas an ICU room can cost 2 to 3 
times more. Furthermore, the healthcare system incurs addi-
tional costs owing to unplanned returns to care after surgery, 
including emergency room visits, readmissions, and reopera-
tions within 30 days. These returns can compromise the quality 
of care, elevate the median stay cost, and increase the overall 

TABLE 2.

Clinical Characteristics of Patients With Gastric Cancer Who Underwent Elective Gastrectomy

Pre-regionalization

(Feb 2012–Apr 2016)

(N = 167)

Post-regionalization

(May 2016–Mar 2023)

(N = 386)

Characteristic N % N % P Value

Duration of surgery (min)
 Median 226 239

0.044

Length of hospital stays(day),
 Median 7 2

<0.0001

Surgical approach
 Laparoscopic
 Open

29
138

17.4
82.6

377
9

97.7
2.3

<0.0001

Type of gastrectomy
 Subtotal gastrectomy
 Total gastrectomy

123
44

73.6
26.4

303
83

78.5
21.5

0.213

Extend of lymphadenectomy
 D2 7 4.2 340 88.1

<0.0001

No. of lymph node dissected.
 Median 17 40.5

<0.0001

Resection margin
 R0 152 91 371 96.1

0.030

ER visit,
 30 days 58 34.7 76 19.7

0.0002

Readmission,
 30 days 31 18.6 43 11.1

0.019

Reoperation
 30 days 10 6 26 6.7

0.745

ICU utilization
 Yes 18 10.8 11 2.9

0.0001

Mortality,
 30 days 1 0.6 4 1

0.618

Post-op chemotherapy received.
 Yes 57 34.1 245 63.5

<0.0001

Time between gastrectomy to restarting 
chemotherapy (days)
 Median

49 41
0.002

Kaiser Permanente Northern California, pre- and post-regionalization pathway, Feb 2012 to March 2023.
ICU indicates intensive care unit.
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cost of care.11,12 To mitigate these expenses, it is crucial to reduce 
hospital stays, minimize the rate of unintended returns follow-
ing gastrectomy, and restrict ICU use. Our research indicates 
that reducing hospital stay to just 1 to 2 days after elective lap-
aroscopic gastrectomy for gastric cancer is safe. This is an excit-
ing finding because it is one of the first large cohort studies to 
investigate this possibility.

We have improved the quality of gastric cancer surgery care 
in our integrated healthcare system by regionalizing it, hiring 
highly subspecialized care specialists, and adopting the laparo-
scopic gastrectomy technique and the MIREC pathway. These 
systematic changes have enabled us to discharge patients within 
2 days after gastrectomy. These changes create a synergistic 
effect and complement each other in achieving positive out-
comes. Therefore, we consider them a combined strategy rather 
than separate interventions to bring about positive changes. We 
observed a significant increase in the use of the laparoscopic tech-
nique after regionalization. The MIREC pathway also under-
went a transition period of the first 18 months, during which 
the adoption rate increased from 62% in 2016 to 82% in 2017 
and continued to increase in subsequent study periods. These 
collective systematic changes were associated with lower rates 
of postoperative complications, such as 30-day ER visits, read-
missions, and reoperations, compared with the period before the 
systematic changes. As healthcare providers, we are dedicated 
to delivering high-value healthcare to patients while reducing 

the cost of care. The success of these initiatives in our integrated 
healthcare system, with a high uptake rate, demonstrates that 
it is a feasible and effective way to shorten hospital stays and 
healthcare expenses while improving patient outcomes. Several 
studies12–17 have shown that laparoscopic foregut and colorectal 
surgery can provide better pain control, faster return of bowel 
function, and fewer postoperative morbidities than traditional 
open surgery. Additionally, laparoscopic gastrectomy for gastric 
cancer has been found to have favorable outcomes, including 
less operative blood loss, faster patient recovery, and fewer 
operative morbidities, while maintaining equivalent oncological 
results.18–20 However, most large comparative series from both 
the West and the East have shown only a 1 to 2-day decrease in 
the LOS favoring laparoscopic surgery over traditional open sur-
gery. The average LOS for a laparoscopic gastrectomy is 8 days 
in the United States,21 8.6 days in Europe,22 8.1 days in Korea, 
The Korean Laparoendoscopic Gastrointestinal Surgery Study,23 
10.9 days in China, The Chinese Laparoscopic Gastrointestinal 
Surgical Study,24 and 12 days in Japan.25

The prehab-ERAS pathway has also revolutionized modern 
perioperative care by enhancing physiological and metabolic 
responses to surgical stress.26 As demonstrated by others, this 
program can facilitate faster recovery, improve clinical out-
comes, and reduce costs.27–31 A recent meta-analysis showed that 
ERAS, compared with conventional care, reduced cost, time to 
return of gut function, and hospital stays by 2 days without 

FIGURE 1. The trends of the length of hospital stay following elective gastrectomy for gastric cancer. Kaiser Permanente Northern California, Feb 2012 to 
March 2023. MIREC indicates minimally invasive recovery and empowerment care; POD, postoperative day.
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increasing postoperative morbidity in gastric cancer surgery.32 
Despite its many benefits, such as the laparoscopic approach, 
the prehab-ERAS pathway alone has yet to drastically shorten 
the LOS for patients undergoing gastrectomy.

Delivering exceptional care for patients with gastric cancer 
that is both affordable and of the highest quality can prove 
challenging owing to various factors. These factors may include 
the culture of care within countries and surgical teams, patient 
selection, postoperative physical discomfort, emotional stress, 
patient expectations, and availability of home support, among 
others. Our program was developed to overcome these obstacles 
by integrating new changes into modern clinical perioperative 
practices. This parallel strategy aims to optimize patients preop-
eratively, lead to realistic patient expectations, enhance the over-
all patient experience, and improve outcomes, despite potential 
challenges.

Our Permanente Gastric Cancer Surgery group, established in 
2016, offers a laparoscopic approach to all types of gastrectomy, 
with Japanese-type D2 lymphadenectomy as the standard of care. 
Adherence to the ERAS-gastric surgery guidelines for gastric sur-
gery has varied since their publication by the ERAS Society in 
2014.33 However, our group has taken steps to ensure adherence 
to these guidelines by utilizing best practices from other fields 

of gastric surgery. Our program recommends avoiding the use 
of surgical drains, urinary catheters, nasogastric tubes, and rou-
tine upper GI examinations during elective gastrectomy. Our 
pathway promotes early oral fluid intake and ambulation. These 
small steps cumulatively resulted in less physical discomfort, 
fewer interventions, reduced risk of morbidities, and enhanced 
postoperative comfort and rest, ultimately alleviating emotional 
stress and empowering patients’ overall self-confidence in their 
path to recovery.34,35 Our approach has yielded excellent results, 
with over 96% of our laparoscopic surgeries for gastric cancer 
patients resulting in excellent clinical and oncologic outcomes at 
3 years, with an overall survival rate of 66.0% in the preregion-
alization cohort and 83.0% in the postregionalization cohort.19

It is essential to provide patients and their families with thor-
ough education and equally important expectations regarding 
postoperative care, especially when hospital stays are shorter 
than preconceived expectations. Our program puts a strong 
emphasis on empowering patients and their families to play an 
active role in their care. In addition to education on surgical and 
anesthetic techniques, our program includes initiatives such as 
multimodal pain management and structured oral intake and 
emphasizes the importance of good home support. We also pri-
oritized consistent expectations and increased telehealth-based 

TABLE 3.

Demographic of Patients According to the Length of Hospital Stays, Post-MIREC Pathway (May 2016–March 2023) in Kaiser 
Permanente Northern California Table 2

Patient Discharged Home (POD 1 and 2)

N = 250

Patient Discharged Home (>POD 3)

N = 136

Characteristic N % N % P Value

Age
 Median
 18–59
 60–69
 70–79
 80+

68
57
88
69
36

22.8
35.2
27.6
14.4

66
44
39
36
17

32.4
28.7
26.5
12.5

0.214

Sex
 Female 101 40.4 62 45.6

0.324

Race
 White
 Asian
 African American
 Hispanic
 Others

62
96
22
64
6

24.8
38.4
8.8

25.6
2.4

37
38
9

44
8

27.2
27.9
6.6

32.4
5.9

0.096

Body mass index (BMI)
 Median
 <18.5
 18.5–25
 26–30
 30+

24.9
9

119
81
41

3.6
47.6
32.4
16.4

25.8
4

55
45
32

2.9
40.4
33.1
23.5

0.321

Neoadjuvant chemotherapy received
 Yes 193 77 102 75

0.627

ASA class
 Median
 1–2
 3
 4

3
94

152
4

37.6
60.8
1.6

3
39
94
3

28.7
69.1
2.2

0.205

Year of surgery
 2016
 2017
 2018
 2019
 2020
 2021
 2022
 2023

11
31
27
42
37
49
44
9

4.4
12.8
10.8
16.8
14.8
16.9
17.6
3.6

21
26
25
22
23
11
6
2

15.4
19.2
18.4
16.2
16.9
8.1
4.4
1.5

<0.0001

ASA indicates American Society of Anesthesiologists; POD, postoperative day.
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TABLE 4.

Clinical Characteristics of Patients According to the Length of Hospital Stays, Post-MIREC Pathway (May 2016–to March 2023) in 
Kaiser Permanente Northern California

Patient Discharged Home (POD 1 and 2)

N = 250

Patient Discharged Home (>POD 3)

N = 136

Characteristic N % N % P Value

Duration of surgery (min)
 Median 232.2 251.0

0.0005

Surgical approach,
 Laparoscopic
 Open

250
0

100
0

127
9

93.4
6.6

<0.0001

Type of gastrectomy
 Subtotal gastrectomy
 Total gastrectomy

202
48

80.8
19.2

127
9

93.4
6.6

0.135

ER visit
 30 days 42 16.8 34 25

0.053

Readmission
 30 days 23 9.2 20 14.7

0.101

Reoperation
 30 days 11 4.4 15 11

0.013

ICU utilization
 Yes 5 2.0 6 4.4

0.174

Mortality
 30 days 2 0.8 2 1.8

0.534

Post-op chemotherapy received
 Yes 170 68 75 55.2

0.012

Time between gastrectomy to restarting 
chemotherapy (days)
 Median

40 41
0.019

ICU indicates intensive care unit; POD, postoperative day.

TABLE 5.

Clinical Characteristics of Gastrectomy, Chemotherapy, and Rate of Unintended Return to Care Over Time After Initiating the MIREC 
Pathway

Post-MIREC

(May 2016–Dec 2017)

(N = 89)

Post-MIREC

(Jan 2018–Mar 2023)

(N = 297)

Characteristic N % N % P Value

Pre-op chemotherapy received.
 Yes 61 68.5 234 78.8

0.046

Time between last chemotherapy to gastrectomy (days)
 Median 43 41

0.932

Duration of surgery (min)
 Median 267 233

0.001

Length of hospital stays(day)
 Median 3 2

<0.0001

Adherence to MIREC
68 79% 278 94%

0.003

ER visit
 30 days 23 25.8 53 17.9

0.096

Readmission
 30 days 17 19.1 26 8.8

0.007

Reoperation
 30 days 8 9 18 6.1

0.334

ICU utilization
 Yes 3 3.4 8 2.7

0.736

Mortality
 30 days 1 1.1 3 1

0.926

Time between gastrectomy to restarting chemotherapy (days)
 Median 49 41

0.056

Weight changes after gastrectomy (kg)
 Median −6.1 −5.4

0.240

Post-op chemotherapy received
 Yes 54 60.7 191 64.3

0.532

ICU indicates intensive care unit; MIREC, minimally invasive recovery and empowerment care.
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communication for easy access to the surgical team. Our pro-
gram allows patients to recover comfortably in their own 
homes, which can improve their physical and psychological 
recovery through better sleep and pain management. As shown 
here, our program is accumulative of all the positive, avoidance 
of the potential negative, accompanied by cultural changes in 
the surgical practice and empowerment of the patients’ strat-
egies, dramatically decreasing the median length of stay to 2 
days, with most patients able to be safely discharged home a day 
after their elective gastrectomy.

One of the biggest challenges we faced was the reluctance of 
some surgeons to alter their routine practices and embrace the 
new care pathway. To tackle this, we organized regular meetings 
and discussions, presented evidence on safety, and allowed them to 
witness the positive outcomes of other surgeons who had imple-
mented the new protocol. Over time, as favorable results were 
achieved, we successfully overcame this obstacle. One of the main 
concerns of sending a patient home as early as our data demon-
strated was the concern about serious postoperative complica-
tions. However, our cohort study found that the implementation 
of our program resulted in a statistically lower incidence of adverse 
effects and comparable or better outcomes when compared with 
open curative intent gastrectomy for gastric cancer reported in 
the literature.36,37 The success of our program can be attributed to 
the willingness to change in 4 adaptable factors: surgeon, patient, 
health care system support, and perioperative care.38,39 The 
strengths of this study include its setting in an integrated health-
care system with a large number of patients and diverse patient 
cohorts, mimicking those of the general population.

Nevertheless, our study has some limitations, such as the 
use of administrative data that relies on accurate surgical 
reports. Chart audits were conducted to ensure data integrity; 
however, detailed information concerning specific comor-
bidities or perioperative complications was not examined. 
Additionally, the adaptation of individual surgeons to our 
program varies. We acknowledge that the generalizability of 
our findings is an area of improvement. However, a regional 

initiative like our program is feasible in some US settings, 
particularly with the critical role of tracking postoperative 
outcomes. With time and the introduction of healthcare tech-
nology, more healthcare systems can implement components 
of our program, even with the limited or partial adoption of 
these concepts.

In conclusion, our program, which encompasses regionaliza-
tion care, laparoscopic approach, modern oncologic care, surgi-
cal subspecialization, and the MIREC pathway, can potentially 
improve gastric cancer surgery outcomes. These benefits include 
reduced hospital stays and lower complication rates. As such, 
this program can revolutionize how gastric cancer surgery is 
delivered, leading to a higher quality of care and increased value 
to patients.

ACKNOWLEDGEMENTS
We wish to thank the oncologists and surgeons who participated 
in the redesign of the Northern California Kaiser Permanente 
Upper Gastrointestinal Oncology Program. They include Drs. 
Edmond L. Schmulbach, Tilak K. Sundaresan, Hoa X. Le, Ellie 
Chan, and Sirisha Karri in The Permanente Gastrointestinal 
Oncology Group; Drs. Azadeh Aghel and Jinping Lai in The 
Permanente Gastrointestinal Pathology Group; Drs. Powen Tu 
and Rebecca Wu in the Permanente Radiology Group; and Ms. 
Lauren Walker Program Navigator.

Conflict of interest statement
The authors report no conflicts of interest.

REFERENCES
 1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018;68:394–424.

TABLE 6.

The Effect of the Minimally Invasive Approach on Clinical Outcomes in the Pre-regionalization Era (N = 29) and Post-regionalization 
Era (n = 377)

Pre-Regionalization Laparoscopic Gastrectomy

N = 29

Post-Regionalization Laparoscopic Gastrectomy

N = 377

Characteristic N % N % P Value

Duration of surgery (min)
 Median 238 239

0.870

Length of hospital stay (days)
 Median 6 2

<0.0001

Type of gastrectomy
 Subtotal gastrectomy
 Total gastrectomy

29
0

100
0

297
80

78.8
21.2

0.006

ER visit
 30 days 8 27.6 72 19.1

0.268

Readmission
 30 days 3 10.3 39 10.3

1.000

Reoperation
 30 days 2 6.9 25 6.6

0.956

ICU utilization
 Yes 0 0 11 2.9

0.350

Mortality
 30 days 0 0 4 1.1

0.578

Post-op chemotherapy received
 Yes 15 51.7 262 69.5

0.034

Time between gastrectomy to restarting 
chemotherapy (days)
 Median

51 41
0.153

ICU indicates intensive care unit.



A Paradigm Shift in Perioperative Care • Annals of Surgery Open (2024) 2:e408 www.annalsofsurgery.com

9

 2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 
2020;70:7–30.

 3. National Cancer Institute Surveillance, Epidemiology, and End-Results 
Program. Cancer Stat Facts: Stomach Cancer. Available at: https://seer.
cancer.gov/statfacts/html/stomach.html. Accessed September 8, 2020.

 4. Cuschieri A, Fayers P, Fielding J, et al. Postoperative morbidity and mor-
tality after D1 and D2 resections for gastric cancer: preliminary results 
of the MRC randomised controlled surgical trial. the surgical coopera-
tive group. Lancet. 1996;347:995–999.

 5. Stey AM, Brook RH, Needleman J, et al. Hospital costs by cost cen-
ter of inpatient hospitalization for medicare patients undergoing major 
abdominal surgery. J Am Coll Surg. 2015;220:207–17.e11.

 6. Rawicz-Pruszyński K, van Sandick JW, Mielko J, et al. Current chal-
lenges in gastric cancer surgery: European perspective. Surg Oncol. 
2018;27:650–656.

 7. van der Veen A, van der Meulen MP, Seesing MFJ, et al; Laparoscopic 
vs Open Gastrectomy for Gastric Cancer (LOGICA) study group. Cost-
effectiveness of laparoscopic vs open gastrectomy for gastric cancer: an 
economic evaluation alongside a randomized clinical trial. JAMA Surg. 
2023;158:120–128.

 8. Blumenthaler AN, Robinson KA, Kruse BC, et al. Implementation of a 
perioperative-enhanced recovery protocol in patients undergoing open 
gastrectomy for gastric cancer. J Surg Oncol. 2021;124:780–790.

 9. Japanese Gastric Cancer Association. Japanese gastric cancer treatment 
guidelines 2018 (ver. 5). Gastric Cancer. 2021;24:1–21.

 10. Porter ME. What is value in health care? N Engl J Med. 
2010;363:2477–2481.

 11. Goel NJ, Iyengar A, Kelly JJ, et al. Nationwide analysis of 30-day 
readmissions after esophagectomy: causes, costs, and risk factors. Ann 
Thorac Surg. 2020;109:185–193.

 12. Wick EC, Shore AD, Hirose K, et al. Readmission rates and cost follow-
ing colorectal surgery. Dis Colon Rectum. 2011;54:1475–1479.

 13. Teh SH, Schecter SC, Servais EB, et al. Same-day home recovery for 
benign foregut surgery. JAMA Surg. 2022;157:1000–1006.

 14. Greenblatt DY, Rajamanickam V, Pugely AJ, et al. Short-term outcomes 
after laparoscopic-assisted proctectomy for rectal cancer: results from 
the ACS NSQIP. J Am Coll Surg. 2011;212:844–854.

 15. Larson DW, Cima RR, Dozois EJ, et al. Safety, feasibility, and short-term 
outcomes of laparoscopic ileal-pouch-anal anastomosis: a single insti-
tutional case-matched experience. Ann Surg. 2006;243:667–70; discus-
sion 670.

 16. Uchiyama K, Takifuji K, Tani M, et al. Effectiveness of the clinical path-
way to decrease length of stay and cost for laparoscopic surgery. Surg 
Endosc. 2002;16:1594–1597.

 17. Podda M, Pisanu A, Morello A, et al. Laparoscopic versus open colec-
tomy for locally advanced T4 colonic cancer: meta-analysis of clinical 
and oncological outcomes. Br J Surg. 2022;109:319–331.

 18. Hakkenbrak NAG, Jansma EP, van der Wielen N, et al. Laparoscopic 
versus open distal gastrectomy for gastric cancer: a systematic review 
and meta-analysis. Surgery. 2022;171:1552–1561.

 19. Teh SH, Uong S, Lin TY, et al. Clinical outcomes following regionaliza-
tion of gastric cancer care in a US integrated health care system. J Clin 
Oncol. 2021;39:3364–3376.

 20. Spolverato G, Kim Y, Ejaz A, et al. A Multi-institutional analysis 
of open vs minimally-invasive surgery for gastric adenocarcinoma: 
results of the US Gastric Cancer Collaborative. J Gastrointest Surg. 
2014;18:1563–1574.

 21. Leung K, Sun Z, Nussbaum DP, et al. Minimally invasive gastrectomy 
for gastric cancer: a national perspective on oncologic outcomes and 
overall survival. Surg Oncol. 2017;26:324–330.

 22. Guerrini GP, Esposito G, Magistri P, et al. Robotic versus laparoscopic 
gastrectomy for gastric cancer: the largest meta-analysis. Int J Surg. 
2020;82:210–228.

 23. Lee HJ, Hyung WJ, Yang HK, et al; Korean Laparo-endoscopic 
Gastrointestinal Surgery Study (KLASS) Group. Short-term Outcomes 
of a multicenter randomized controlled trial comparing laparoscopic 
distal gastrectomy with D2 Lymphadenectomy to open distal gastrec-
tomy for locally advanced gastric cancer (KLASS-02-RCT). Ann Surg. 
2019;270:983–991.

 24. Liu F, Huang C, Xu Z, et al; Chinese Laparoscopic Gastrointestinal 
Surgery Study (CLASS) Group. Morbidity and mortality of laparoscopic 
vs open total gastrectomy for clinical stage I gastric cancer: the CLASS02 
multicenter randomized clinical trial. JAMA Oncol. 2020;6:1590–1597.

 25. Yoshida K, Honda M, Kumamaru H, et al. Surgical outcomes of lap-
aroscopic distal gastrectomy compared to open distal gastrectomy: a 
retrospective cohort study based on a nationwide registry database in 
Japan. Ann Gastroenterol Surg. 2017;2:55–64.

 26. Kang SH, Lee Y, Min SH, et al. Multimodal Enhanced Recovery 
After Surgery (ERAS) program is the optimal perioperative care in 
patients undergoing totally laparoscopic distal gastrectomy for gas-
tric cancer: a prospective, randomized, clinical trial. Ann Surg Oncol. 
2018;25:3231–3238.

 27. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: a 
review. JAMA Surg. 2017;152:292–298.

 28. Lassen K, Soop M, Nygren J, et al; Enhanced Recovery After Surgery 
(ERAS) Group. Consensus review of optimal perioperative care in col-
orectal surgery: Enhanced Recovery After Surgery (ERAS) group recom-
mendations. Arch Surg. 2009;144:961–969.

 29. Gustafsson UO, Hausel J, Thorell A, et al; Enhanced Recovery After 
Surgery Study Group. Adherence to the enhanced recovery after sur-
gery protocol and outcomes after colorectal cancer surgery. Arch Surg. 
2011;146:571–577.

 30. Li D, Jensen CC. Patient satisfaction and quality of life with enhanced 
recovery protocols. Clin Colon Rectal Surg. 2019;32:138–144.

 31. Khan S, Wilson T, Ahmed J, et al. Quality of life and patient satisfaction 
with enhanced recovery protocols. Colorectal Dis. 2010;12:1175–1182.

 32. Wee IJY, Syn NL, Shabbir A, et al. Enhanced recovery versus conven-
tional care in gastric cancer surgery: a meta-analysis of randomized and 
non-randomized controlled trials. Gastric Cancer. 2019;22:423–434.

 33. Mortensen K, Nilsson M, Slim K, et al; Enhanced Recovery After 
Surgery (ERAS®) Group. Consensus guidelines for enhanced recovery 
after gastrectomy: Enhanced Recovery After Surgery (ERAS®) Society 
recommendations. Br J Surg. 2014;101:1209–1229.

 34. Mitchell M. Home recovery following day surgery: a patient perspec-
tive. J Clin Nurs. 2015;24:415–427.

 35. Brownlee SA, Blackwell RH, Blanco BA, et al. Impact of post-hospital 
syndrome on outcomes following elective, ambulatory surgery. Ann 
Surg. 2017;266:274–279.

 36. Tian Y, Cao S, Liu X, et al. Randomized controlled trial comparing the 
short-term outcomes of enhanced recovery after surgery and conven-
tional care in laparoscopic distal gastrectomy (GISSG1901). Ann Surg. 
2022;275:e15–e21.

 37. Vonlanthen R, Slankamenac K, Breitenstein S, et al. The impact of com-
plications on costs of major surgical procedures: a cost analysis of 1200 
patients. Ann Surg. 2011;254:907–913.

 38. Engelman D, Benjamin EM. Physician engagement: the “Secret Sauce” to 
success in bundled health care. Am J Med Qual. 2017;33:100–102.

 39. Salenger R, Morton-Bailey V, Grant M, et al. Cardiac enhanced recovery 
after surgery: a guide to team building and successful implementation. 
Semin Thorac Cardiovasc Surg. 2020;32:187–196.

https://seer.cancer.gov/statfacts/html/stomach.html
https://seer.cancer.gov/statfacts/html/stomach.html

