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Abstract
Background  Minimally invasive surgery (MIS) has profoundly changed standards of care and lowered perioperative morbid-
ity, but its temporal implementation and factors favoring MIS access remain elusive. We aimed to comprehensibly investi-
gate MIS adoption across different surgical procedures over 20 years, identify predictors for MIS amenability and compare 
propensity score-matched outcomes among MIS and open surgery.
Methods  Nationwide retrospective analysis of all hospitalizations in Switzerland between 1998 and 2017. Appendectomies 
(n = 186,929), cholecystectomies (n = 57,788), oncological right (n = 9138) and left hemicolectomies (n = 21,580), rectal 
resections (n = 13,989) and gastrectomies for carcinoma (n = 6606) were included. Endpoints were assessment of temporal 
MIS implementation, identification of predictors for MIS access and comparison of propensity score-matched outcomes 
among MIS and open surgery.
Results  The rates of MIS increased for all procedures during the study period (p ≤ 0.001). While half of all appendectomies 
were performed laparoscopically by 2005, minimally invasive oncological colorectal resections reached 50% only by 2016. 
Multivariate analyses identified older age (p ≤ 0.02, except gastrectomy), higher comorbidities (p ≤ 0.001, except rectal resec-
tions), lack of private insurance (p ≤ 0.01) as well as rural residence (p ≤ 0.01) with impaired access to MIS. Rural residence 
correlated with low income regions (p ≤ 0.001), which themselves were associated with decreased MIS access. Geographical 
mapping confirmed strong disparities for rural and low-income areas in MIS access. Matched outcome analyses revealed 
benefits of MIS for length of stay, decreased surgical site infection rates for MIS appendectomies and cholecystectomies 
and higher mortality for open cholecystectomies. No consistent morbidity or mortality benefit for MIS compared to open 
colorectal resections was observed.
Conclusion  Unequal access to MIS exists in disfavor of older and more comorbid patients and those lacking private insur-
ance, living in rural areas, and having lower income. Efforts should be made to ensure equal MIS access regardless of 
socioeconomic or geographical factors.

Keywords  Minimally invasive surgery · Laparoscopy · Robotic surgery · Outcomes · Appendectomy · Cholecystectomy · 
Colectomy · Rectal resection · Gastrectomy
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Implementation of minimally invasive surgery (MIS) has 
marked a major step forward in the surgical treatment of 
various diseases over the last decades [1]. Initially used in 
less demanding operations such as appendectomies or chol-
ecystectomies, MIS has swiftly been adopted to increasingly 
complex procedures such as oncological colectomies [2], 
pulmonary lobectomies [3] or gastrectomies [4], providing 
benefits with respect to return of bowel function, pain, cos-
metic results, length of hospital stay (LOS), rates of compli-
cations [5] and cost-effectiveness [6].

Regarding oncological outcomes, multiple randomized 
trials [7–11] and observational studies have shown that 
laparoscopic approaches for resections of colorectal can-
cer (CRC) provide equal oncological quality and long-term 
survival as conventional open surgery (OS). Similar level 1 
evidence of equal outcomes were reported for gastrectomies 
[12–15], lobectomies [16], distal pancreatectomies [17] and 
resection of colorectal liver metastases [18]. However, recent 
studies have also shown shortcomings of MIS in operations 
such as hysterectomies [19, 20] or pancreaticoduodenecto-
mies [21] with regard to complications and long-term onco-
logical results, although multiple earlier meta-analyses have 
suggested similar outcomes [22].

While the use of MIS increases steadily [23], United 
States (US)-based observational studies objectified that 
major hurdles and inequalities in access to MIS remain. Dis-
parities in choice of surgical access exist based on patient 
related factors such as ethnicity [24] or insurance status [25, 
26] as well as patient-independent factors such as the treat-
ing hospital, experience of the surgeon and geographical 
residential area [27]. In contrast, comprehensive analyses of 
factors influencing the choice for or against MIS in Europe 
are currently missing. Furthermore, it remains elusive at 
which pace MIS approaches were implemented following 
the published evidence of non-inferior outcomes. While 
multiple studies reporting on institutional developments of 
MIS techniques exist, long-term nationwide analyses remain 
scarce.

Using a national surgical quality control database, we 
have previously reported that patients in Europe with pri-
vate insurance have a higher likelihood to receive a MIS 
colorectal resection [28]. Here, we aimed to investigate the 
nationwide use and implementation of MIS over a 20-year 
period across different general surgical procedures. We 
hypothesized that individual patient access to MIS tech-
niques varies depending on demographic, socioeconomic 
and geographical factors.

Methods

Study design and data source

The current study is a retrospective observational, nation-
wide analysis of patients undergoing appendectomies, 
cholecystectomies and oncological colorectal and gas-
tric resections over 20 years. The Swiss federal statistical 
office’s (BFS, Neuchatel, Switzerland) databases covering 
the mandatory, nationwide reporting of all stationary hos-
pitalizations (≥ 24 h) in Swiss hospitals starting from 1998 
to 2017 were queried. These databases contain anonymized 
patient-level data including the main diagnosis responsible 
for hospitalization and up to 49 secondary diagnoses for 
comorbidities and complications coded via International 
Classification of Diseases (ICD-10 German modification) 
definitions. Procedures are coded by national Swiss surgical 
classification codes (CHOP), issued annually by the BFS 
classifying all medical interventions [29].

Data on age (5-year categories), gender, national-
ity, insurance status are provided as categorial variables. 
The databases provide place of residence of patients with 
concomitant anonymity of single cases in 706 subdistrict 
geographical clusters (MedStat regions) containing one 
or several official political municipalities [30], with exact 
information on place of residence (e.g. ZIP codes), location, 
caseload or case-mix of the treating hospital not available 
due to anonymization. Each Swiss municipality is classified 
as urban, suburban or rural [31] and MedStat regions and 
the included cases were classified accordingly by merging 
to corresponding municipalities (majority vote in case of 
differences). Similarly, mean taxable income per municipal-
ity in 2015 was queried of the Swiss federal tax adminis-
tration [32] and averaged on overlapping MedStat regions. 
For population-adjusted rates of operations, we obtained the 
total number of inhabitants in Switzerland per year by the 
BFS [33].

Data processing

The databases were searched for cases of hospitalisations 
based on the respective main diagnoses acute appendicitis, 
cholecystitis, colorectal and gastric carcinoma according 
to the corresponding annual ICD-10 definitions and con-
sequently filtered for the surgical procedures of interest 
by respective year-matched CHOP codes (Supplementary 
Tables 1, 2). All codes were specified at study start by con-
sensus of 3 investigators (MS, DG, MT). Minimally invasive 
or conventional open procedures were distinguished based 
on codes specifying the surgical approach or codes indicat-
ing a laparoscopic access or use of robotic surgical system. 
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Cases were grouped as open, laparoscopic and robotic to 
assess trends over time. For further analyses, laparoscopic 
and robotic approaches were combined into MIS cases and 
compared to OS. For oncological resections, cases were 
restricted to patients undergoing elective procedures. Read-
missions and cases, in which the main reason for surgery 
was due to a complication, were excluded. Comorbidities & 
complications were assessed via 49 reported ICD side codes 
(Supplementary Table 3) and used to assess the extent of 
comorbidities via the modified version [34] of the Elixhauser 
score [35]. 

Outcomes of interest

Primary endpoint was the assessment of implementation of 
minimally invasive approaches (laparoscopic and robotic) 
over a 20-year period and identification of predictors for 
MIS approach. Secondary endpoint was comparison of 
short-term surgical outcomes of matched OS and MIS cases, 
including LOS, complications, and in-hospital mortality.

Ethics approval and written consent

As all information in the database are provided completely 
anonymized by the BFS, no institutional ethics approval or 

individual patient written consent was required according to 
the current Swiss Human Research Act.

Statistical analysis

Statistical significance was defined as p < 0.05. Continu-
ous data are given as mean ± standard deviation (SD) or 
median ± interquartile range (IQR) as appropriate and cat-
egorical as number (n) and percentage (%). Students t-test, 
Wilcoxon’s rank sum test or Fisher’s exact test was used to 
compare means, medians and proportions or odds among 
groups. Mann–Kendall Trend Test served to test changes 
in frequency over time. Correlation between numerical 
variables was assessed with Pearson’s correlation coeffi-
cient. Logistic regression with binary outcome “open” vs. 
“minimally invasive” procedure served to identify factors 
influencing the choice of the surgical approach and respec-
tive odds with 95% confidence intervals (CI). Propensity 
score matching was performed using the nearest neighbor 
method (logistic regression distance, caliper: 0.1) based on 
year of the operation and identified factors influencing the 
choice of surgical approach. A 1:1 ratio for interventions 
with high MIS frequency was used, while allowing up to 
5:1 matching for procedures with low MIS frequencies with 
possible discarding of extreme cases in both groups. Geo-
graphical mapping was based on respective MedStat regions 

All hospitalisations in Switzerland between 01/01/1998 and 31/12/2017
(n = 27’121’637)

Appendectomy
for acute appendicitis

n=186929

Cholecystectomy
for cholecystitis

n=57788

Right Hemicolectomy
for colon cancer

n=9138

Left Hemicolectomy
for colon cancer

n=21580

Rectal Resection
for rectal cancer

n=13989

Gastrectomy
for gastric cancer

n=6606
MIS 

n=127965
OS

n=58964
MIS 

n=50957
OS

n=6831
MIS 

n=1776
OS

n=7362
MIS 

n=5744
OS

n=15836
MIS 

n=3748
OS

n=10241
MIS 

n=520
OS

n=6086

Appendectomy
for acute appendicitis

n=72878

Cholecystectomy
for cholecystitis

n=12420

Right Hemicolectomy
for colon cancer

n=3517

Left Hemicolectomy
for colon cancer

n=11530

Rectal Resection
for rectal cancer

n=7220

Gastrectomy
for gastric cancer

n=1757
MIS 

n=36439
OS

n=36439
MIS 

n=6210
OS

n=6210
MIS 

n=1640
OS

n=1877
MIS 

n=5279
OS

n=6251
MIS 

n=3361
OS

n=3859
MIS 

n=484
OS

n=1273

Filtering for diagnosis via specified ICD-10 GM codes 

Filtering for surgical procedure via specified national surgical codes (CHOP)

Propensity score matching based on year of operation, gender, age, insurance status, area of residence, income & comorbidities

Fig. 1   Flowchart of patient identification per surgical procedure, 
depicting the complete dataset, total numbers of identified patients 
per surgical procedure with stratification of OS and MIS procedures 

and respective numbers after propensity score matching. OS open sur-
gery, MIS minimally invasive surgery
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of patients by displaying frequencies of MIS approached on 
publicly available shapefile maps. R version 3.5.1 was used 
for all database processing, statistical analyses, and graphi-
cal representations.

Results

Identification of surgical procedures 
and developments over time

The combined databases comprised 27,121,637 hospi-
talizations from 1st of January 1998 to 31st of December 
2017. Based on respective yearly ICD-10 and surgical 
codes, 186,929 appendectomies, 57,788 cholecystecto-
mies, 9138 oncological right and 21,580 left hemicolec-
tomies, 13,989 rectal resections and 6606 gastrectomies 
for carcinoma were identified (Fig. 1). Table 1 summarizes 
the demographic baseline data of patients per procedure 
stratified according to OS or MIS, while Table 2 provides 
data on hospitalization parameters.

The number of total procedures as well as popula-
tion-adjusted procedure rates per year increased during 
2008–2017 for appendectomies, cholecystectomies, right 
hemicolectomies, and rectal resections (p < 0.01), while 
those for left hemicolectomies and gastrectomies remained 
stable (Fig. 2A). We found different proportions of MIS 
procedures over the whole 20-year period, ranging from 
7.8% for gastrectomies, 19.4% to 26.7% for colorec-
tal resections, 68.5% for appendectomies and 88.1% for 
cholecystectomies. The rates of MIS increased across all 
procedures during the study period (p < 0.001), with incre-
mental amounts of robotic procedures observed for all 4 
oncological operations. Cholecystectomy was already rou-
tinely (> 75%) performed laparoscopically in 1998. While 
half of all appendectomies were performed laparoscopi-
cally by 2005, minimally invasive oncological colorectal 
resections reached 50% by 2016 and stayed below 20% for 
gastrectomies in 2017 (Fig. 2B). Next, Elixhauser scores 
were calculated to assess comorbidities of patients under-
going OS and MIS and compared over groups of 5-year 
intervals. The degrees of comorbidities increased across 
all procedures studied, with OS being preferably used in 

patients with higher Elixhauser scores in all 6 procedures. 
For cholecystectomies, rates of OS were significantly 
higher during the entire 20 years in patients with increased 
comorbidities (Fig. 2C).

Predictors of MIS access

Using logistic regression, we explored socioeconomic 
and demographic factors influencing the choice of sur-
gical access (Fig. 3). The likelihood of receiving a MIS 
procedure increased greatly over time for all procedures. 
Patients were 9 × more likely to have a MIS appendectomy 
during 2008–2012 and 41 × more likely during 2013–2017 
compared to 1998–2002. Similarly, odds increased 26 × for 
right hemicolectomy, 11 × for left hemicolectomy, 16 × for 
rectal resection and 7 × for gastrectomy between the first 
and last 5-year strata. For cholecystectomy, the increase 
was only 4 ×, as already a large proportion of procedures 
was conducted MIS by the beginning of the study period. 
Older age predisposed to open surgical procedures across 
all interventions studied. Indeed, patients in the highest 
group aged 80–99 years were half as likely to receive a 
MIS appendectomy and had 4 × lower odds for MIS chol-
ecystectomy (both p ≤ 0.001). Similarly, odds to receive 
MIS for the oldest group were decreased by 23% for right 
hemicolectomy (p = 0.02), 48% for left hemicolectomy 
and 32% for rectal resection (both p ≤ 0.001). Similarly, 
higher comorbidities predisposed to OS with 28% to > 50% 
lower odds of receiving MIS (all p ≤ 0.001), except for 
patients with rectal resections (p = 0.32). For non-onco-
logical operations, female patients were considerably 
more likely to receive a MIS procedure than their male 
counterparts. However, this phenomenon was not observed 
for oncological operations. Patients without Swiss citi-
zenship were more likely to have a MIS appendectomy 
(p ≤ 0.001), right hemicolectomy (p = 0.003) and rectal 
resection (p = 0.029), otherwise no clear influence of 
patients’ nationality was observed. However, patients with 
private insurance were 22–34% more likely to undergo 
MIS procedures compared to patients with statutory insur-
ance only (all p ≤ 0.001). Patients living in rural areas had 
impaired access to MIS for all 6 procedures with a 17% to 
40% decreased likelihood compared to patients living in 
urban and suburban areas.

Next, we attempted to understand the underlying reason 
for the consistent impaired MIS access in rural patients. 
Speculating that differences in prosperity and income of 
regions contribute to the observed differences, we compared 
mean taxable incomes per regions of different residential 
areas. Indeed, 48% of rural areas, but only 13% and 11% 
of suburban and urban areas respectively, grouped in the 
lowest quintile of incomes. In contrast, the middle quantile 
of incomes was made up of 15% of rural, 13% suburban 

Fig. 2   Number of operations, implementation of minimally inva-
sive procedures and comorbidities. A Total (brown) and popula-
tion adjusted (blue) numbers of procedures performed per year 
from 1998 to 2017. B Representation of percent changes of open 
(red), laparoscopic (turquois) and robotic (green) surgeries over the 
20-year period. C Comorbidities as assessed with Elixhauser score 
for open (dark red) and minimally invasive (blue) surgeries per pro-
cedure in 5-year strata. Single points depict yearly means, diamond 
& error bars show mean and SD of 5  years. *p < 0.05, **p < 0.01, 
***p ≤ 0.001
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Fig. 3   Odds of factors predicting minimally invasive access per surgi-
cal procedure. Graphical representation of logistic regression results 
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invasive surgery

Fig. 4   Geographical mapping of MedStat regions based on urban–rural 
classification of municipalities, income and frequency of minimally 
invasive interventions. A Map of Switzerland showing MedStat regions 
(black boarders) with underlying municipalities (grey boarders) colored 
according to classification into urban (red), suburban (orange) and rural 
(green). B Map of Switzerland depicting mean taxable income per 

MedStat region with color scale of 10%-deciles. C Maps of Switzer-
land depicting frequencies of minimally invasive interventions for all 6 
procedures from 2008 to 2017. Note the visual correlation of areas with 
higher frequencies with urban and high-income areas and vice versa
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and 31% of urban areas, while the top quintile quantile con-
sisted of 8% rural, 22% suburban and 28% of urban areas 
(p ≤ 0.001). Geographical mapping according to urban–rural 

stratification of regions compared with mapping of mean 
taxable income per region visually confirmed correlation 
of urban/suburban areas with higher income across most 
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Fig. 5   Surgical outcomes of propensity score matched patients. A 
Boxplots showing length of hospital stay of patients operated open 
(darkred) and minimally invasive (blue) over 5-year strata for all 
6 procedures. Rates of selected complication (B) and in-hospital 

mortality (C) per intervention for open and minimally invasive pro-
cedures. Single points depict yearly means, diamond and error bars 
show mean and SD of 5 years. *p < 0.05, **p < 0.01, ***p ≤ 0.001
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areas of the country (Fig. 4A, B). Additionally, we found 
that income itself correlated with frequency of MIS in 
regions (R 0.11–0.13, p ≤ 0.001) for appendectomies, chol-
ecystectomies and colectomies, but not for rectal resection 
and gastrectomies. Furthermore, for all 6 operations, higher 
mean income per region correlated strongly with increased 
frequencies of privately insured patients undergoing the 
procedure (R 0.22–0.61, all p ≤ 0.001) and all urban and 
suburban areas had higher frequencies of privately insured 
patients than rural ones (all p ≤ 0.001).

Geographical differences of MIS implementation

Based on the observed differences among urban and rural 
regions in MIS access, frequency of MIS per region was 
calculated from 2008 to 2017 and consequent geographi-
cal mapping performed. Compared with maps displaying 
urban–rural stratification and mean income per regions, we 
indeed found strong visual correlation of decreased imple-
mentation of MIS procedures in rural and low-income areas 
(Fig. 4C).

Short‑term outcomes of MIS compared to OS

Next, we aimed to identify hospitalisation-related differ-
ences among patients undergoing OS vs. MIS. To reliably 
identify differences owed due to the surgical approach only 
and not influenced by biasing factors, we propensity score-
matched patients undergoing OS or MIS based on the year 
of operation and identified factors influencing the choice of 
surgical technique including age, insurance status, comor-
bidities, urban or rural area and income of region. Matching 
resulted in groups with attenuated baseline demographic and 
hospitalization parameters compared to unmatched patients 
(Supplementary Tables 4, 5) for subsequent analyses of out-
comes and complications.

LOS was consistently shorter for all MIS compared to 
open procedures. With a general short LOS, the observed 
differences for appendectomies were marginal. In contrast, 
the effect was most pronounced for patients undergoing chol-
ecystectomy with median LOS of 9–10 days in OS twice 
the 3–4 days for MIS across the entire 20 years. Patients 
undergoing MIS hemicolectomies and rectal resections ben-
efitted of a 1–3 days shorter LOS, while MIS gastrectomies 
reported shortened LOS only in the last period examined 
(Fig. 5A).

Wound infections were more common in patients under-
going open appendectomy and cholecystectomy, while no 
clear benefit in this regard was observed for colorectal and 
gastric resections. Postoperative bleeding was reported more 
frequently after open cholecystectomy, while inconsistent 
higher rates were found for MIS colorectal resections. No 
steady difference was observed for gastrointestinal leakage 

between MIS and OS for any procedure (Fig. 5B). Readmis-
sion rates (recorded in the databases since 2012) were lower 
following MI appendectomies (2.22 vs. 3.36%, p = 0.001) 
and cholecystectomies (3.19 vs. 6.25%, p ≤ 0.001). In 
contrast, slightly higher readmission rates for MI rectal 
resections were observed (6.18 vs. 4.58%, p = 0.017). No 
difference was found for right (5.67 vs 4.46%, p = 0.203) 
and left hemicolectomies (4.24 vs. 3.74%, p = 0.348) or gas-
trectomies (6.46 vs. 4.42%, p = 0.208). Adjusted in-hospital 
mortality rates were invariably lower after MIS cholecys-
tectomies, while no relevant differences were observed for 
appendectomies and all 4 oncological procedures (Fig. 5C).

Discussion

This nationwide study across 6 different surgical procedures 
revealed 5 consistent key factors decreasing the likelihood 
to receive MIS: elderly age, increased comorbidities, lack 
of private insurance, rural residence, and lower income. We 
found a strong interdependence among rural residence, low 
income, and decreased rate of private insurance coverage, 
suggesting that lower socio-economic status hindered MIS 
access.

Inequalities in access to modern surgical practice like 
MIS based on socioeconomic and demographic factors 
should not occur in an ideal healthcare system. However, 
multiple previous studies have shown higher rates of perio-
perative complications, decreased MIS amenability and, in 
case of oncological diseases, impaired long-term survival 
outcomes for members of certain ethnic groups [36, 37] and 
under-insured patients [25, 38, 39]. In contrast, the role of 
residential area and geographical location has just recently 
come into focus. Recent studies reported impaired access to 
laparoscopic surgery for diverticular disease and colorectal 
cancer [40–42] as well as modern surgical oncological care 
for patients living in rural areas in the US [43]. However, 
little is known how differences in residential areas within 
other countries influence surgical practice. Our findings of 
decreased MIS access of patients in rural areas in Switzer-
land are in accordance with previous reports, point towards 
a global phenomenon and probably reflect subpar training in 
oncologic MIS of less-specialized surgeons in remote areas.

The current report provides a comprehensive nation-
wide temporal analysis of the implementation of MIS over 
20 years across different operations, ranging from simple 
procedures like appendectomy to complex oncological pro-
cedures like rectal resections or gastrectomies. As expected, 
rates of MIS increased across time for all procedures inves-
tigated. The data at hand pinpoint several interesting facts. 
Laparoscopic appendectomy was the first MIS visceral 
operation performed after the technique was adapted from 
gynecology [44]. However, laparoscopic cholecystectomy 
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was the first MIS procedure to swiftly gain wide accept-
ance [45]. Indeed, by 1998, the start of our records, already 
three quarter of all cholecystectomies were performed lapa-
roscopically. In contrast, implementation of laparoscopic 
appendectomy was slower, ranging below 25% in 1998 
and reaching > 50% only by 2005. MIS implementation in 
more complex oncological procedures like hemicolectomy 
or rectal resections was considerably slower, although sev-
eral large-scale randomized trials started reporting simi-
lar oncological short- and later long-term outcomes since 
2002 [2, 7–9, 11, 45, 46]. Reasons for slow implementation 
likely include the learning curve for more complex proce-
dures, which might be accentuated in the Swiss decentral-
ized health care system. Switzerland has one of the highest 
numbers of physicians and hospitals per inhabitants [47], 
which results in limited caseloads of certain surgical condi-
tions such as resections for colorectal cancer per surgeon 
and institution. Given that the learning curve for laparo-
scopic colorectal resections is 30–60 cases [48–50], the 
potential to learn MIS techniques adequately may be lim-
ited in rural, low volume hospitals. Furthermore, surgical 
training in Switzerland includes abdominal general surgery 
as well as musculoskeletal trauma and many general sur-
geons in smaller, peripheral Swiss hospitals still perform a 
broad spectrum of surgical procedures, preventing adequate 
specialization. Additionally, the implementation of work-
ing hour directives and the increased number of surgical 
residents have resulted in a decreased exposure to colorectal 
surgery during surgical training, which might furthermore 
impact on learning of complex MIS techniques [51]. How-
ever, centralization with resulting increased caseloads at spe-
cialized centers may result in increased MIS amenability 
for rural and low-income populations in the future. Further 
reasons might be owed to lack of specific instruments as well 
as a reluctance of older surgeons to learn new techniques 
[27], which necessitates the coming in charge of younger 
surgeons eager to promote modern techniques. Even so, 
rates observed in our analyses are not vastly different from 
countries with more pronounced specialization and higher 
hospital caseloads. In 2004, rates of MIS hemicolectomies 
for cancer were 4.3% [42], rising to 30–50% in 2009 [41, 
52, 53] and 53.5% in 2012 [40] in the US. A recent report 
has shown US hospitals to be low MIS utilizers for cancer 
surgery [54] with rates similar to the percentages reported 
in our present study. Lastly, the lack of implementation of 
MIS gastrectomy is probably related to the small caseload 
in Europe, preventing an acceptable learning curve within a 
meaningful period [55].

We observed that overall degrees of comorbidities 
increased across all procedures studied, an effect probably 
dually owed to increased reporting of concomitant diseases 
in the databases and increasing patient age and comorbidi-
ties. Decreased MIS access of older and sicker patients is no 

novel finding and probably owed to multiple factors like e.g. 
hesitance to use pneumoperitoneum in patients with severe 
cardiopulmonary comorbidities or morbid obesity [56]. 
These results illustrate the paradox associated with MIS: 
Patients with advanced age and more comorbidities, who 
would likely benefit the most from the early postoperative 
advantages of MIS such as reduced pain, facilitated mobili-
zation, faster bowel recovery and reduced hospital stay are 
more frequently denied MIS for reasons that remain elusive 
today. Positively, no discrimination in access to MIS based 
on gender or nationality was found; indeed, rates of MIS 
in women were higher in appendectomy and cholecystec-
tomy. Furthermore, patients with foreign citizenship ben-
efitted of increased rates of minimally invasive approaches 
in appendectomy, right hemicolectomies and rectal resec-
tions, a finding which might be related to the area of resi-
dence. Compared to Swiss citizens, a higher percentage of 
foreign individuals lives in urban (33.3 ± 1.28% foreign vs. 
25.2 ± 1.08%, Swiss) and suburban (46.71 ± 1.94% foreign 
vs. 43.65 ± 1.18% Swiss) as opposed to rural residential 
areas (19.96 ± 1.36% foreign vs. 31.26 ± 1.64% Swiss) for all 
6 procedures (all p ≤ 0.001). Residence in urban areas might 
have translated into improved access to specialized centers 
offering MIS access earlier and more frequently.

Finally, comparison of short-term outcomes using 
matched patients revealed striking differences in LOS related 
to the use of MIS. Population-wide benefits with respect to 
LOS appear larger than expected by results of RCTs, which 
normally report 1–2 days differences in LOS between open 
and MIS approaches in colectomy [5]. In our analysis, we 
found differences in LOS of up to 5 days for cholecystec-
tomies and 3 days for colectomies, rectal resections and 
gastrectomies. With over 75% of cholecystectomies already 
being performed MI at the beginning of the study period, 
the striking difference in LOS of cholecystectomies is prob-
ably related to the higher level of comorbidities in patients 
undergoing open cholecystectomy, reserving OS for difficult 
cases. Furthermore, the larger than expected differences in 
LOS in colectomy may reflect disparities typically observed 
between RCT patient care maps and real-world data derived 
from observational studies. While some authors suggest that 
the benefits observed in clinical trials might be even more 
pronounced if biases are accounted for [57], multiple studies 
and statistical calculations show that results implied by small 
scale randomized or observations trials might fail to pro-
vide an accurate picture of nationwide developments [58]. 
Furthermore, LOS observed in our study were longer then 
reported from large-scale retrospective series from other 
countries. Switzerland has traditionally longer LOS than 
other countries in Europe or in the US [28], an aspect which 
is attributed to regional and cultural traditions rather than 
medical necessities. Lastly, the observed decrease in LOS 
across 20 years was modest at best despite major advances 
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in surgical care, changes in hospital reward policies and 
advent of enhanced recovery after surgery programs [59]. 
Similarly, rates of readmissions, morbidities and mortality 
were higher than reported in selected populations of RCTs 
[5]. The strongly elevated rate of mortality after open chol-
ecystectomy are probably owed to the extent of comorbidi-
ties in patients selected for open surgery. Mortality rates of 
colectomies were several years above 5%, similar to reports 
published around the change of the millennium [60], and 
have stagnated around 2% in the last years for left colectomy 
and rectal resection. Mortality rates after right hemicolec-
tomy were elevated at 3.4%, similar to rates observed for 
open right hemicolectomy in a recent meta-analysis [61]. 
It is concerning, that no consistent morbidity and mortality 
benefits are observed for any colorectal MIS intervention on 
a national level. All these phenomena might depict a “real-
life” effect, representing a median of all patients and not just 
well-selected patients for participation in a RCT [62].

The databases of all hospitalizations in Switzerland are 
primarily intended for administrative statistical evaluations 
by the responsible federal offices and the present study, 
therefore, has inherent limitations. As it is not a surgical 
quality control database, no specific information on the 
interventions itself (duration of surgery, experience of the 
operating surgeon, R- and N-status) are provided. Similarly, 
not intended as a cancer-registry, no conclusion on oncologi-
cal outcomes can be drawn. Furthermore, the database in its 
current form does not provide information on the influence 
of center size, caseload, or conversion rates. While we pro-
vide absolute numbers for completely performed MIS proce-
dures, we can only speculate how rates of conversion devel-
oped over time. However, other groups and we have reported 
conversion rates e.g. for colectomy [28, 40] and associated 
risk factors [63]. Lastly, national data of Switzerland might 
just be partly generalizable to other countries, especially 
with different healthcare systems. However, despite these 
limitations, the population-based nature of the databases and 
its large caseload provides a high level of generalizability 
and mirrors the actual adoption of MIS over 20 years.

Conclusion

Strong socio-economic, geographic and demographic dis-
parities exist in access to MIS techniques. Considering the 
observed benefits, efforts should be made to ensure equal 
MIS availability for patients with elderly age, increased 
comorbidities, lack of private insurance as well as residence 
in rural and low-income areas.
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