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Abstract
Objective To examine the relationship between Edmonton Obesity Staging System (EOSS) and perioperative complications as
well as surgical procedure.
Background The application of EOSS for the selection of patients with obesity is a more comprehensive measure of obesity-
related diseases and a predictor of mortality than body mass index (BMI).
Methods This was a nationwide cohort study using prospectively inserted data from the German register for obesity and
metabolic surgery StuDoQ|MBE. All patients undergoing sleeve gastrectomy (SG), Roux-en Y gastric bypass (RYGB), and
one-anastomosis gastric bypass (OAGB) between February 2015 and July 2017 as a primary treatment for severe obesity were
included. Data included gender, age, BMI, ASA score, EOSS, early postoperative complications next to the Clavien-Dindo
grading system, readmission, and 30-day mortality.
Results A total of 9437 patients were included. The mean BMI was 49.5 kg/m2 ± 7.8 (range 35–103.5). The total postoperative
complication rate was 5.3%, with the highest rate in EOSS 3 (7.8%) and 4 (6.8%). Thirty-day mortality was 0.2%with the highest
mortality after SG in EOSS 3 (1.16%) and EOSS 4 (0.92%) (p = 0.0068). Crosstabs showed a prevalence of Clavien-Dindo III
and IV complications of 3.4% (SG), 3.6% (RYGB), and 1.6% (OAGB) in EOSS 2 (p = 0.0032) and 3.5% (SG), 5.1% (RYGB),
and 5.6% (OAGB) in EOSS 3.
Conclusion The highest postoperative complications and mortality occurred in patients with EOSS ≥ 3. SG and OAGB could be
the procedure of choice to reduce perioperative morbidity; nevertheless, it has to be in mind that in EOSS ≥ 3, SG has the highest
mortality.
Trial Registration ClinicalTrials.gov Identifier NCT03556059.
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Introduction

Bariatric surgery is highly efficacious in treating obesity and
its comorbidities. For this reason, in 2016 the term “bariatric
surgery” was replaced by “surgery for obesity and weight-
related diseases” [1]. Additionally, it has been shown that
body mass index (BMI) and anthropometric measures dem-
onstrate limitations for classifying obesity and do not provide
information about the presence or extent of weight-related
diseases or functional limitations. In 2009, Sharma et al. [2]
provided a novel classification system for obesity, the so-
called Edmonton Obesity Staging System (EOSS). EOSS
classifies obesity considering the patient’s medical, mental,
and functional symptoms and allows the clinician to describe
the morbidity and functional limitations associated with ex-
cess weight [2]. Clinicians are able to identify individuals with
obesity at elevated risk for mortality [3]. Furthermore, it offers
improved clinical utility for assessing obesity-related risk and
prioritizing treatment [4]. Surgery for obesity and metabolic
disorders is therefore strongly recommended in EOSS ≥ 2.
Indeed, patients with obesity-related chronic disease, especial-
ly type 2 diabetes mellitus (T2DM), profit from the ameliora-
tion and remission of metabolic disease [5, 6]. The most com-
monly performed surgical procedures are laparoscopic sleeve
gastrectomy (SG), Roux-en-Y gastric bypass (RYGB), and
gastric banding in America and SG, RYGB, and one-
anastomosis gastric bypass (OAGB) in Europe [7].

In a previous study, we have demonstrated that EOSS may
be useful for presurgical stratification and risk assessment in
clinical practice, since patients with EOSS ≥ 3 have a higher
risk of postoperative complications [8]. The aim of this study
was to determine whether EOSS can be applied for procedure
selection and be used as a predictive tool to minimize periop-
erative complications analyzing the German nationwide
register-based cohort study (StuDoQ|MBE).

Methods

This was a nationwide cohort study using prospectively
inserted data from the German register for obesity and meta-
bolic surgery StuDoQ|Metabolische und bariatrische
Erkrankungen (StuDoQ|MBE). Ninety-eight hospitals were
included. Data export was performed on April 22, 2018. All
patients undergoing SG, RYGB, and OAGB between
February 2015 and July 2017 as a primary treatment for severe
obesity were included. The eligibility criteria were a BMI ≥
35 kg/m2, and at least one metabolic disease or a BMI ≥ 40 kg/
m2. The exclusion criteria were bariatric surgery in medical
history, missing signed consent for data sharing, and patients
with incomplete data. After exclusion next to the
abovementioned criteria, from 33,584 existing datasets 9437
patients were included. Data included gender, age, BMI,

American Society of Anesthesiologists (ASA) class, comor-
bidities, functional status, laboratory investigations, early
postoperative complications according to the Clavien-Dindo
grading system [9], length of hospital stay, readmissions, and
30-day mortality. The patients were followed up for 1 month
after surgery. The EOSS score was retrospectively assigned to
each patient using the method of Sharma and Padwal [2, 4].
Each patient was independently reviewed by two evaluators,
who assigned an EOSS stage (SC, CS). Prospective inserted
parameters from StuDoQ|MBE were obtained to assign
EOSS: presence and pharmacological treatment of T2DM,
arterial hypertension and hyperlipidemia, presence of osteoar-
thritis, obstructive sleep apnea syndrome (OSAS), cerebrovas-
cular events, heart insufficiency, coronary heart disease, liver
cirrhosis, gastroesophageal reflux disease (GERD), patient’s
mobility, and need of home care. Preoperative laboratory in-
vestigations included fasting blood glucose, total, LDL and
HDL cholesterol, triglycerides, and creatinine.

Patients without any functional, mental, or medical symp-
toms were given an EOSS stage of 0 (EOSS 0). Patients with
obesity-related subclinical risk factors and not receiving phar-
macological treatment (e.g., borderline hypertension, im-
paired fasting glucose level) were classified as EOSS 1.
Patients with obesity-related chronic disease (e.g., arterial hy-
pertension, T2DM, OSAS, osteoarthritis, GERD) and receiv-
ing pharmacological therapy were considered EOSS 2.
Patients with end-organ damage caused by a related chronic
disease (e.g., myocardial infarction, heart failure, stroke, renal
insufficiency) or significant psychopathology and functional
limitations and/or impairment of well-being were classified as
EOSS 3. Patients with severe disabilities from obesity-related
chronic disease, severe disabling psychopathology, severe
functional limitations, and/or severe impairment of well-
being were classified as EOSS 4 [4, 8]. Using this scheme,
the two evaluators assigned all patients an EOSS stage inde-
pendently and in the same way. The surgical techniques for
SG, RYGB, and OAGB have been described elsewhere [8].

Statistical analysis was performed using SPSS 21.0 statisti-
cal software for Microsoft Windows (SPSS Inc., Chicago, IL,
USA). Continuous variables are presented as the mean ± stan-
dard deviation (SD) and range. For quantitative variables that
followed a normal distribution, differences between groups
were analyzed using Student’s t test, and differences between
qualitative variables were analyzed using the chi-square test.
The correlation between EOSS and age, BMI, ASA, readmis-
sion, length of hospital stay, reoperation, death, and Clavien-
Dindo complication and the correlation between Clavien-
Dindo complication and age, ASA, and BMI were calculated
using the Spearman correlation coefficient. A coefficient be-
tween 0 and 0.3 means a weak correlation, between 0.3 and
0.5 a medium correlation, and coefficient of > 0.5 a strong
correlation. The correlation between gender and EOSS and
gender and Clavien-Dindo complication was tested with the
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Mann-Whitney U test, and the correlation between surgical
procedure and EOSS was tested using the Kruskal-Wallis test.
The correlation of EOSS, surgical procedure, and Clavien-
Dindo III and IV complications and EOSS, surgical procedure,
and death were analyzed with cross-tables. A p value < 0.05
was considered significant. Informed consent was obtained
from all individual participants included in StuDoQ|MBE and
in the study. The ethics committee of the Landesärztekammer
Hessen, Germany (Institutional Review Board) approved the
clinical investigations (FF 83_2/2015), and the study is regis-
tered on ClinicalTrials.gov (NCT03556059).

Results

Between February 2015 and July 2017, 9437 patients
underwent SG, RYGB, or OAGB. Mean age was 43.9 ±
11.5 years (18–85). Mean preoperative BMI was 49.5 ±
7.8 kg/m2 (35–103.1), and mean preoperative weight was
142.7 ± 27.5 kg (60–287). Three thousand nine hundred and
sixty-one patients (42%) had a BMI ≥ 50 kg/m2. The study
group included 2632 men (27.9%) and 6805 women (72.1%):
4456 patients underwent SG (47.2%), 3850 underwent RYGB
(40.8%), and 1131 underwent OAGB (12%). Most patients
were classified as EOSS 2 (76.1%). The next most frequent
EOSS stages were 3 (13.4%), 4 (7.1%) 0 (3.1%), and 1
(0.3%). Figure 1 shows the distribution of EOSS in the

different surgical groups. Notably, BMI levels were virtually
identical (~ 50 kg/m2) across all EOSS groups.

Patients were preoperatively classified as ASA I (n = 279,
3%), ASA II (n = 4136, 42.8%), ASA III (n = 4903, 52%),
ASA IV (n = 117, 1.2%), and ASAV (n = 2, 0.02%).

Postoperative complications occurred in 5.3% (n = 503)
with 3.7% (n = 348) having a postoperative complication >
II next to the Clavien-Dindo grading system (0 = 8934, 1 =
84, 2 = 71, 3a = 82, 3b = 203, 4a = 35, 4b = 7, and 5 = 21).
Postoperative complications included bleeding (n = 136,
1.4% (n = 51 after RYGB (1.3%), n = 18 after OAGB
(1.6%), n = 67 after SG (1.5%))), n = 74 extraluminal
bleeding (n = 17 after RYGB (0.4%), n = 9 after OAGB
(0.8%), n = 48 after SG (1.1%)), n = 62 intraluminal bleeding
(n = 34 after RYGB (0.9%), n = 19 after SG (0.4%), n = 9 after
OAGB (0.8%)), n = 50 required erythrocyte transfusions (n =
21 after RYGB (0.5%), n = 3 after OAGB (0.3%), n = 26 after
SG (0.6%)), leakage (n = 174, 1.8%; n = 93 after RYGB
(2.4%), n = 12 after OAGB (1.1%), n = 69 after SG (1.5%)),
renal failure (n = 19, 0.2%; n = 5 after RYGB (0.1%), n = 2
after OAGB (0.2%), n = 12 after SG (0.3%), pneumonia (n =
40, 0.4%; n = 17 after RYGB (0.4%), n = 6 after OAGB
(0.5%), n = 17 after SG (0.4%)), heart attack (n = 5, 0.05%;
n = 3 after RYGB (0.08%), n = 2 after SG (0.04%), respirato-
ry insufficiency > 48 h (n = 37, 0.4%; n = 14 after RYGB
(0.4%), n = 5 after OAGB (0.4%), n = 18 after SG (0.4%),
thrombosis (n = 16, 0.2%; n = 2 after RYGB (0.05%), n = 2
after OAGB (0.2%), n = 12 after SG (0.3%)), lung embolism
(n = 17, 0.2%; n = 4 after RYGB (0.1%), n = 4 after OAGB
(0.4%), n = 9 after SG (0.2%)), stroke (n = 1, 0.01%; n = 1
after RYGB (0.03%)), urinary infection (n = 35, 0.4%; n = 7
after RYGB (0.2%), n = 1 after OAGB (0.09%); n = 27 after
SG (0.05%)), and trocar hernia (n = 13, 0.1%; n = 5 after
RYGB (0.1%), n = 2 after OAGB (0.2%), n = 6 after SG
(0.1%) and other (n = 10, 0.12%).

Reoperation was performed in 3% (n = 279) of the patients.
Postoperative mortality was 0.2% (n = 21). Mean postopera-
tive stay was 5.1 ± 6 days (1–246). The 30-day readmission
rate was 3.3% (n = 314) (Table 1).

BMI did not differ significantly between patients with (n =
8934) and without complications (n = 503). The non-
complication group had a BMI of 49.5 ± 7.8 kg/m2 (35–
103.5), and the complication group had a BMI of 50 ±
7.8 kg/m2 (35.7–84.8) (p = 0.1619).

Baseline demographic (BMI, age, gender, ASA) data and
postoperative data including Clavien-Dindo complications
and length of hospital stay in relation to EOSS and in relation
to the surgical procedures are listed in Tables 1 and 2. Notably,
mean BMI levels had a range of 49–50.6 kg/m2 across EOSS
groups 0, 1, 2, and 3.

Complications occurred in 4.1% of patients in EOSS 0,
3.4% of the patients in EOSS 1, 4.8% of the patients in EOSS
2, 7.8% of the patients in EOSS 3, and 6.8% of the patients in

Fig. 1 Distribution of EOSS in the different surgical groups SG, RYGB,
and OAGB (SG: EOSS 0: 3.1%, EOSS 1: 0.3%, EOSS 2: 73.9%, EOSS
3: 15.4%, EOSS 4: 7.3%; RYGB: EOSS 0: 3.5%, EOSS 1: 0.3%, EOSS
2: 79.8%, EOSS 3: 11.2%, EOSS 4: 5.2%; OAGB: EOSS 0: 1.9%, EOSS
1: 0.2%, EOSS 2: 72.1%, EOSS 3: 12.8%, EOSS 4: 13%)
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EOSS 4. Complications next to the Clavien-Dindo grading sys-
tem in the different EOSS scores are listed in Table 2.
Complications occurred in 5.1% patients after RYGB, 5.9%
after SG, and 4.1% after OAGB. Complications next to the
Clavien-Dindo grading system in the different surgical groups
are listed in Table 1. Comparing the complications in EOSS 0,
1, 2 (n = 358/7502, 4.77%) and the complications in EOSS 3
and 4 (n = 145/1935, 7.49%), a statistical difference was seen in
the chi-square test (p < 0.0001). Comparing the complications
Clavien-Dindo > II in EOSS 0, 1, 2 (n = 254/7502, 3.39%) and
the complications Clavien-Dindo > II in EOSS 3 and 4 (n = 94/
1935, 4.86%), a statistical difference was seen in the chi-square
test (p < 0.0036). Comparing the reoperations in EOSS 0, 1, 2
(n = 207/7502, 2.76%) and the reoperations in EOSS 3 and 4
(n = 72/1935, 3.7%), a statistical difference was seen in the chi-
square test (p < 0.0290). Comparing the readmissions in EOSS
0, 1, 2 (n = 247/7502, 3.29%) and EOSS 3 and 4 (n = 68/1935,
3.51%), no statistical difference was seen in the chi-square test
(p = 0.6196). Comparing the death in EOSS 0, 1, 2 (n = 9/7502,
0.12%) and EOSS 3 and 4 (n = 12/1935, 0.62%), a statistical
difference was seen in the chi-square test (p = 0.0002).

In comparison of EOSS with age, BMI, ASA, Clavien-
Dindo complications, length of hospital stay and readmission,
reoperation, and death, a significant positive correlation was
found between EOSS and age (Spearman 0.314, p < 0.0001),
EOSS and BMI (Spearman 0.115, p < 0.0001), and EOSS and
ASA (Spearman 0.191, p < 0.0001).

A statistically significant positive correlation was found in
the Mann-Whitney U test between EOSS and gender with a
higher mean correlation rank of 4976.48 for men and 4619.41
for women (p < 0.0001).

A statistically significant positive correlation was found in
the Kruskal-Wallis test (p < 0.0001, χ2 79.5) between EOSS
and surgical procedure with a mean correlation rank of 5048.9
for OAGB, 4814.29 for SG, and 4511.79 for RYGB.

In comparison of Clavien-Dindo complications with age,
BMI, ASA, and EOSS, a significant positive correlation was
found between Clavien-Dindo complications and age
(Spearman 0.145, p = 0.009) and Clavien-Dindo complications
andEOSS (Spearman 0.170, p= 0.002). No statistical correlation
was found between Clavien-Dindo complications and ASA (p=
0.193) and Clavien-Dindo complications and BMI (p = 0.134).

Table 1 Baseline demographic
(BMI, age, gender, ASA) data and
postoperative data including
Clavien-Dindo complications and
lengths of stay in relation the sur-
gical procedure

SG (n = 4456) RYGB (n = 3850) OAGB (n = 1131)

BMI 50.8 ± 8.6 (35–103.1) 47.7 ± 6.5 (35–96.4) 50.3 ± 7.6 (35.1–83.2)

Age 43.9 ± 11.7 (18–85) 43.7 ± 11.3 (18–77) 45.1 ± 11.4 (19–77)

Length of hospital stay 5.3 ± 6.5 (1–246) 4.9 ± 5.8 (1–175) 4.8 ± 4.6 (1–94)

Gender m = 1430 (32.1%)

f = 3026 (67.9%)

m = 857 (22.3%)

f = 2993 (77.7%)

m = 345 (30.5%)

f = 786 (69.5%)

ASA

I 115 (2.6%) 157 (4.1%) 7 (0.6%)

II 1890 (42.4%) 1871 (48.6%) 375 (33.2%)

III 2381 (53.4%) 1779 (46.2%) 743 (65.7%)

IV 70 (1.6%) 42 (1.1%) 5 (0.4%)

V 0 1 (0%) 1 (0.1%)

Readmission 159 (3.6%) 132 (3.4%) 23 (2%)

Reoperation 131 (2.9%) 115 (3%) 33 (2.9%)

Death 15 (0.33%) 3 (0.07%) 3 (0.26%)

Leakage 69 (1.5%) 93 (2.4%) 12 (1.1%)

Bleeding 67 (1.5%) 51 (1.3%) 58 (1.6%)

Clavien-Dindo

0 4195 (94.1) 3654 (94.9) 1085 (95.9)

I 47 (1.1) 31 (0.8) 6 (0.5)

II 47 (1.1) 17 (0.4) 7 (0.6)

III 133 (3) 129 (3.3) 23 (2.1)

IIIa 29 (0.7) 51 (1.3) 2 (0.2)

IIIb 104 (2.3) 78 (2) 21 (1.9)

IV 19 (0.5) 16 (0.5) 7 (0.6)

IVa 16 (0.4) 14 (0.4) 5 (0.4)

IVb 3 (0.1) 2 (0.1) 2 (0.2)

V 15 (0.3) 3 (0.1) 3 (0.3)
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No statistically significant correlation was found in the
Mann-Whitney U test between Clavien-Dindo complications
and gender (p = 0.369), but men had a higher complication
rate with a higher mean correlation rank of 169.85 for men
and 161.19 for women.

A statistically significant positive correlation was found in
the Kruskal-Wallis test (p = 0.001, χ2 14.685) between surgi-
cal procedure and Clavien-Dindo complications with a mean
correlation rank of 203.67 for OAGB, 172.10 for SG, and
147.30 for RYGB.

The contingency tables (Tables 3 and 4) display the multi-
variate frequency distribution of the variables Clavien-Dindo
III and IV, EOSS, and surgical procedure in Table 3 and death
(Clavien-Dindo V), EOSS and surgical procedure in
Table 4.No statistical difference was seen regarding the occur-
rence of Clavien-Dindo III and IV complications between the
different surgical procedures in EOSS 0 and 1. The lowest
complication rate (Clavien-Dindo III and IV) was seen for
OAGB (1.6%) in EOSS 2 (p = 0.0032). Complication rate
(Clavien-Dindo III and IV) was lowest for SG in EOSS 3

(3.5%) and 4 (3.7%). No statistical difference was seen regard-
ing the occurrence of Clavien-Dindo III and IV complications
between the different surgical procedures in EOSS 3 and 4. No
statistical difference was seen regarding mortality rate be-
tween the different procedures in EOSS 2. A statistical differ-
ence was seen regarding mortality rate in EOSS 3 and 4 with
the highest mortality rate after SG (p = 0.0068).

Discussion

In this German nationwide register-based cohort study
(StuDoQ|MBE), we observed that having a higher EOSS
stage (EOSS ≥ 3) predicts postoperative complications and
mortality. Importantly, this effect appears independent of
BMI, which was virtually identical between EOSS groups.
Rather unexpectedly, we also found that EOSS stage appeared
to be a predictor of the type of surgical procedure. Thus, our
findings not only support the notion that EOSS may be of
clinical utility for determining the perioperative risk but may

Table 2 Baseline demographic
(BMI, age, gender, ASA) data and
postoperative data including
Clavien-Dindo complications and
length of stay (LOS) in relation to
EOSS

EOSS 0 EOSS 1 EOSS 2 EOSS 3 EOSS 4
n = 294 n = 29 n = 7179 n = 1263 n = 672

Gender m = 71 m = 5 m = 1875 m = 464 m = 217

(24.1%) (17.2%) (26.1%) (36.7%) (32.3%)

f = 223 f = 24 f = 5304 f = 799 f = 455

(75.9%) (82.8%) (73.9%) (63.3%) (67.7%)

Age 34.5 ± 9.3 31.2 ± 6.6 42.6 ± 11 51.5 ± 10.5 48.8 ± 11.1

(18–60) (21–46) (18–75) (20.85) (18–76)

BMI 49.2 ± 7.6 49.6 ± 9.5 49.0 ± 7.4 50.6 ± 8.6 53.2 ± 8.9

(36.1–79.7) (38.8–77.7) (35–103.1) (35.3–94.3) (35.2–101.7)

LOS 4.5 ± 1.9 4.4 ± 1.6 4.9 ± 5.7 5.8 ± 8.3 5.3 ± 4.8

(1–26) (1–9) (1–246) (1–186) (1–94)

ASA

I 16 (5.4%) 0 244 (3.4%) 10 (0.8%) 9 (1.3%)

II 196 (66.7%) 13 (44.8%) 3365 (46.9%) 329 (26%) 233 (34.7%)

III 81 (27.6%) 16 (55.2%) 3527 (49.1%) 866 (68.6%) 413 (61.5%)

IV 1 (0.3%) 0 42 (0.6%) 57 (4.5%) 17 (2.5%)

V 0 0 1 (0%) 1 (0.1%) 0

Reoperation 10 (3.4%) 0 197 (2.7%) 48 (3.8%) 24 (3.6%)

Death 0 0 9 (0.13%) 9 (0.71%) 3 (0.45%)

Readmission 8 (2.7%) 1 (3.4%) 238 (3.3%) 49 (3.9%) 18 (2.7%)

Clavien-Dindo

0 282 (95.9%) 28 (96.6%) 6834 (95.2%) 1164 (92.2%) 626 (93.2%)

I 2 (0.7%) 0 59 (0.8%) 17 (1.3%) 6 (0.9%)

II 1 (0.3%) 0 42 (0.6%) 19 (1.5%) 9 (1.3%)

IIIa 9 (3.1%) 1 (3.4%) 64 (2.1%) 10 (0.8%) 7 (1%)

IIIb 0 0 153 (2.1%) 29 (2.3%) 12 (1.8%)

IVa 0 0 17 (0.2%) 10 (0.8%) 8 (1.2%)

IVb 0 0 1 (0) 5 (0.4%) 1 (0.1%)

V 0 0 9 (0.13%) 9 (0.71%) 3 (0.45%)
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also help in selecting the appropriate procedure for a given
patient.

Our finding that EOSS is a better measure of perioperative
risk than BMI alone is well in line with our previous report of
higher risk in higher EOSS stages in metabolic surgery pa-
tients [8]. The idea that additional parameters beyond BMI are
required to assess risk is not new. Thus, for example DeMaria
et al. developed a scoring system to stratify the mortality risk
for patients undergoing gastric bypass with the five indepen-
dent variables including male gender, BMI ≥ 50 kg/m2, age ≥
45 years, hypertension, and pulmonary embolus risk [10].
Blackstone et al. developed a metabolic acuity score (MAS)
for identifying specific patient acuity characteristics [11].
Independent risk factors in the MAS include age, BMI,
weight, history of deep vein thrombosis/pulmonary embolism,
OSAS, T2DM, hypertension, immobility, heart disease, and
psychological classification. Lak et al. recently analyzed
59,404 patients from the National Surgical Quality
Improvement Program dataset undergoing bariatric surgery
and the effects of metabolic syndrome on morbidity and mor-
tality and found that morbidity was greater in patients with
metabolic syndrome (7.5% versus 5%, p < 0.0001) and

patients with metabolic syndrome had a 3.2-fold risk of in-
creased mortality (p < 0.0001). EOSS includes T2DM and
metabolic syndrome and is a more comprehensive measure
of obesity-related diseases. As noted above, in our study,
BMI levels were similar across patients with and without com-
plications supporting our hypothesis that preoperative risk
stratification should be focused on EOSS rather than BMI
alone.

Notably, EOSS was also a statistically significant parameter
for postoperative complications when used in conjunction with
the Clavien-Dindo grading system. This may be because EOSS
considers a wide range of risk factors, including metabolic,
mental, and functional status of the patient in one parameter.

Interestingly, male patients in our study presented with
higher EOSS scores than female participants. This is in line
with our previous observation from a multicenter cohort study
on patient expectations by Fischer et al. showing that male
patients undergoing obesity surgery are often older and suffer
from more comorbidities [12]. Given their higher EOSS
scores, it is therefore perhaps not surprising that male patients
had more postoperative complications than female patients.

Since EOSS is now increasingly being integrated into pa-
tient selection, its application as a predictor for procedure se-
lection might be a further useful aspect of using EOSS in
obesity and metabolic surgery centers.

Interestingly, in our cohort of 9437 patients, there was a
significant difference between the surgical procedures per-
formed across the different EOSS stages. Thus, patients with

Table 3 The contingency table displays the multivariate frequency
distribution of the variables Clavien-Dindo, EOSS, and surgical
procedure

EOSS Surgery Clavien-Dindo 0, I, II Clavien-Dindo
III, IV

Total

0 SG 133 (97.1%) 4 (2.9%) 137

RYGB 131
(97%)

4 (3%) 135

OAGB 21
(95.5%)

1 (4.5%) 22

Total 285
(96.9%)

9 (3.1%) 294

1 SG 15
(100%)

0 15

RYGB 11 (91.7%) 1 (8.3%) 12

OAGB 2
(100%)

0 2

Total 28
(96.6%)

1 (3.4%) 29

2 SG 3177 (96.6%) 112 (3.4%) 3289

RYGB 2957 (96.4%) 110 (3.6%) 3067

OAGB 801 (98.4%) 13 (1.6%) 814

Total 6935 (96.7%) 235 (3.3%) 7170

3 SG 654 (96.5%) 24 (3.5%) 678

RYGB 411 (94.9%) 22 (5.1%) 433

OAGB 135 (94.4%) 8 (5.6%) 143

Total 1200 (95.7%) 54 (4.3%) 1254

4 SG 310 (96.3%) 12 (3.7%) 322

RYGB 192 (96%) 8 (4%) 200

OAGB 139 (94.6%) 8 (5.4%) 147

Total 644 (95.8%) 28 (4.2%) 669

Table 4 The
contingency table
displays the multivariate
frequency distribution of
the variables death,
EOSS, and surgical
procedure

EOSS Surgery Death Total

0 SG

RYGB

OAGB

Total

0

0

0

0

137

135

22

294

1 SG

RYGB

OAGB

Total

0

0

0

0

15

12

2

29

2 SG

RYGB

OAGB

Total

4 (0.12%)

3 (0.1%)

2 (0.25%)

9 (0.13%)

3292

3072

815

7179

3 SG

RYGB

OAGB

Total

8 (1.16%)

0

1 (0.69%)

9 (0.71%)

687

431

145

1263

4 SG

RYGB

OAGB

Total

3 (0.92%)

0

0

3 (0.45%)

325

200

147

672
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the highest EOSS underwent more often OAGB, and with
lowest EOSS more often than RYGB. Why patients with
higher EOSS undergo more likely OAGB might be due to
the higher reported metabolic impact and the less periopera-
tive complications in relation to SG and RYGB [13–15].
Additional, it is plausible that the speed and ease of OAGB
with its low complication rate may make it the preferred ap-
proach for more complex high-risk patients [16]. Thus, our
observation of a statistically significant correlation between
surgical procedure and Clavien-Dindo complications with
the highest mean correlation rank for OAGB and lowest for
RYGB may explain the differences in preoperative selection
of these patients. On the other hand, the higher choice of
OAGB in EOSS 3 and 4 might create a bias in relation to
the complications of this procedure. Benchmarks for the most
performed bariatric procedures are necessary, to compare the
procedures in patients with and without comorbidities.

Our observation of significantly different outcomes and
choice of procedures across EOSS stages raises the issue of
the individualized approach to obesity and metabolic surgery.
Thus, as in cancer surgery [17], the concept of individualized
surgery is gaining more acceptance in metabolic surgery. In
2017, Aminian et al. categorized T2DM into three validated
stages of severity and analyzed 900 patients undergoing SG
and RYGB for selection of metabolic surgery in relation to
diabetes remission with a follow-up of 7 years. The study
group concluded in relation to the risk-benefit ratio that pa-
tients with mild and moderate T2DM would profit more from
RYGB and patients with severe T2DM should undergo SG as
the metabolic procedure of choice, since both procedures in
severe T2DM have similarly low efficacy for diabetes remis-
sion since clinical features suggest limited functional β-cell
reserve, and SG is associated with a lower perioperative risk
[18]. Our findings suggest that EOSS may further help in
selecting the appropriate procedure for each patient, and our
results contradict the fact that SG is associated with lower
perioperative risk, since it had the highest mortality of all
procedures in EOSS 3 and 4.

The total postoperative complication rate in our study was
5.3%, with 5.1% after RYGB, 5.9% after SG, and 4.1% after
OAGB. The highest rate of postoperative complications oc-
curred in EOSS 3 (7.8%) and 4 (6.8%). Thirty-day mortality
was 0.2%, having the same mortality in SG 0.3% and OAGB
0.3% and the lowest one after RYGB 0.1%. Highest mortality
was observed after SG in EOSS 3 (1.16%) and 4 (0.92%).
Different studies have shown the security of SG with a fallen
rate of complications over time [19]. Still, when leakage oc-
curs, management is difficult [20], and this might be the cause
for the high mortality rate in patients with end-organ damage
(EOSS 3 and 4). Even the management of leakage after OAGB
might be a challenge due to the bile flow, which often let the
surgeon convert the OAGB in a RYGB reconstruction to treat
the leakage sufficiently. The lower leakage rate in the bypass

group might also be explained by the decreased intragastric
pressure caused by pylorus exclusion [21]. From our own ex-
perience, insufficiencies after RYGB are the easiest way to
treat; even so, RYGB has the lowest mortality in the surgical
group (0.1%). Current literature contradicts our results. In the
study of Peterli et al., mortality after SG was 0% and after
RYGB it was 1.9% [22]. It has to be in mind that only 217
patients were included and mean BMI was 43.9 kg/m2.

Crosstabs analyzing Clavien-Dindo III and IV showed
the lowest incidence of postoperative complications after
SG in patients with EOSS 3 (3.5%) and lowest incidence
of postoperative complications after OAGB in patients with
EOSS 2 (1.6%). Crosstabs analyzing Clavien-Dindo V
(death) showed the highest mortality after SG in EOSS 3
(1.16%) and EOSS 4 (0.92%).

Postoperative complications are declining after obesity and
metabolic surgery due to implementation of accreditation sys-
tems including institutional requirements, national and inter-
national guidelines, and surgeon’s credentials [23, 24]. The
German data has equivalent results in terms of perioperative
complications in relation to the current literature. Daigle et al.
published the frequency of 135.431 bariatric surgery patients
from the Metabolic and Bariatric Surgery Accreditation and
Quality Improvement Program (MBSAQIP) database under-
going SG (67%), RYGB (29%), gastric banding (3%), and
duodenal switch (1%) and reported a complication rate of <
1% for eight index complications with bleeding (0.7%), sur-
gical site infection (0.5%), and urinary tract infection (0.3%)
being the most common complications [25]. ASA classifica-
tion was similar with our study having most patients classified
ASA III (72.3% versus 52% in our cohort). In our study,
cohort bleeding was higher (1.4%), but equivalent with the
MBSAQIP analyzation of postoperative bleeding after lapa-
roscopic RYGB published by Zafar et al. with an incidence of
1.5% [26]. Overall readmission and reoperation rates were
4.2% and 1.3%, respectively, and 3.3% (n = 314) and 3%
(n = 279) in our cohort.

EOSS combines all risk factors in one parameter, since
there is a statistically significant positive correlation between
EOSS with age, BMI, and ASA. Patients with higher BMI,
higher ASA class, and older age might have more obesity-
related diseases, and the statistically significant correlation
of the Clavien-Dindo grading system with age and EOSS
underline again the higher postoperative complications in
older patients and higher EOSS scores [8]. Age has always
been interpreted as a risk factor and is indeed an independent
variable in the risk scores from Blackstone et al. [11] and
DeMaria et al. [10]. Even if obesity and metabolic surgery is
safe in the elderly [27], older patients are known to have
higher perioperative risks and higher ICU admissions, with
ASA scores and OSAS being possible predictive factors [28].

The study has some limitations. First, the study does not
analyze its impact on long-term complications. Nevertheless,
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long-term complications such as GERD, Barrett and weight
regain after SG [29, 30], bile reflux and malnutrition after
OAGB [31] and dumping syndrome, internal hernia, and
weight regain after RYGB [22, 32] have always to be in mind
in the long-term follow-up.

Second, the non-homogeneity of the sample might provide
a bias. On the other hand, the three different procedures SG,
RYGB, and OAGB are somehow similar and are the most
performed ones in Germany and Europe. Further studies are
necessary to include other well-recognized procedures such as
gastric banding or biliopancreatic diversion.

Third, the data of these studies includes the whole German
registry. Obviously, high-volume and low-volume centers are
included andmixed. Theremight be a procedure selection bias
due to different surgical skills.

Fourth, whether EOSS has parallels to the TNM staging
system in oncologic surgery and whether it predicts long-term
survival and reduction of end-organ damage after obesity and
metabolic surgery should be addressed in further studies.

Conclusion

These findings support the use of EOSS for risk stratification in
the clinical setting, and could be adapted as a potential tool for
procedure selection to reduce perioperativemorbidity in obesity
and metabolic surgery. This large German cohort with 9437
patients showed highest postoperative complications and
highest mortality in patients with EOSS ≥ 3. To achieve lowest
perioperative complication rates, it appears that OAGB should
be the procedure of choice in EOSS 2. Although SG has the
lowest perioperative morbidity regarding Clavien-Dindo com-
plications III and IV in EOSS 3 and 4, it must be noted that SG
has the highest mortality of all procedures in EOSS 3 and 4.
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