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Abstract
Objective: The objective of the present study was to identify new risk factors associated with longer hospitalization following bariatric 
surgery.
Methods: Patient clinical, social, and biochemical data in addition to multidisciplinary team experience were analyzed in a cohort that 
included all patients undergoing bariatric surgery at our hospital. The primary outcome was length of hospital stay (LOS). Mortality was 
recorded to validate the obesity surgery mortality risk score (OS-MRS).
Results: This study included 299 sequential patients, 41 ± 10 years of age, and BMI of 50 ± 8 kg/m2 who underwent bariatric surgery. 
Two thirds (196) of patients were hypertensive, a third (86) were diabetic and a third (91) were current or former smokers. Overall, 
LOS was 8 ± 5 days. The predictors of a longer LOS were smoking (P , 0.05) and less multidisciplinary team experience (P , 0.05). 
Looking at only the last three years of data, LOS was 6 ± 5 days, and the predictors of a longer LOS were low educational attainment 
(P , 0.02) and smoking (P , 0.01) but not team experience. The global mortality was 2.6%, with the OS-MRS identifying a high-risk 
group.
Conclusion: Excluding the initial learning phase, longer LOS independent predictors were patient low educational attainment and 
smoking. These predictors can help guide care to reduce complications.
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Introduction
Nowadays, for the morbidly obese patient,1–3 the 
surgical approach is a treatment option that limits 
energy intake, reduces the intestinal absorption area 
(or both), and improves metabolic control4,5 and 
general healthfulness.6 In parallel, there have been 
attempts to identify pre-surgical patients with a 
higher rate of complications. In one study, BMI over 
50 kg/m2, hypertension, male gender, obstructive 
sleep apnea and pulmonary embolism (PE) were 
identifiable as risk factors.7,8 The combination of at 
least four of these factors was associated with 7.6% 
perioperative mortality.7,8 Paradoxically, however, 
current perioperative risk evaluation guidelines 
account only for BMI . 50 kg/m2 and do not account 
for obesity severity9–11 per se. Therefore, we evaluated 
perioperative risk for bariatric surgery and outcomes 
considering patients’ clinical and laboratory sequential 
six-month follow-up. Therefore, the objective of 
the present study was to identify new risk factors 
associated with longer hospitalization following 
bariatric surgery.

Methods
This was an observational retrospective study where 
the total collection period was 9 years, from March 
2000 until November 2009. The national and local 
institutional review board approved this study 
(CAAE—0195.0.004.000-09).

Grade III obese patients previously resistant to 
other forms of weight loss therapy (as food restric-
tion, pharmaceuticals, and psychological therapy) 
for at least six months were pre-selected for surgery. 
Within the data collection period, all patients that 
underwent bariatric surgery were included in this 
study. All patients underwent an open roux-en-Y 
with gastric bypass and silicone banding.12 Patients 
received psychological therapy before and after sur-
gery follow-up.

The following data were collected from patient 
charts: age, weight, height, gender, ethnicity, 
educational attainment, smoking status ([1] never 
smoked, [2] quit for at least one year, and [3] current 
smoker or quit for less than one year), diagnosis of 
hypertension (blood pressure greater than 140/90 
mmHg), glucose intolerance, type 2 diabetes 
(fasting plasma glucose $ 126 mg/dL = 7 mmol/l), 
extremity venous ulcers, a functional capacity of 

at least 4 METs (Metabolic Equivalent of Task), 
biochemical data (cholesterol and fractions, uric 
acid), electrocardiogram, chest radiography, 
polysomnography, upper gastrointestinal endoscopy, 
spirometry, history of pulmonary embolism (including 
lower cava filters), hypothyroidism, familial coronary 
artery disease, use of statins, use of allopurinol, and 
result of liver biopsy performed during surgery. 
Laboratory results, chest radiography and electro-
cardiogram were only considered when performed 
within 4 months before all surgery. Polysomnog-
raphy, endoscopy, and spirometry were considered 
when performed within one year before surgery.

All patients had their cardiovascular Obesity 
Surgery Mortality Risk Score (OS-MRS) calculated.7 
The OS-MRS is calculated with the following five 
risk factors, one point for each factor: male gen-
der, age $ 45 years, hypertension, body mass index 
(BMI) $50 kg/m2, and pulmonary embolism risk 
factor. Pulmonary embolism risk is defined as the 
presence of any of the following: previous venous 
thromboembolism, inferior vena cava filter, history 
of right heart failure, pulmonary hypertension, or 
physical findings of venous stasis. Patients with one 
or fewer points were classified as low risk, those with 
two or three points were moderate risk, and those 
with four or higher points were high risk.

Although not part of a perioperative evaluation, 
liver biopsies were routinely performed in all patients. 
Steatohepatitis was classified into mild, moderate, 
severe, and very severe. Fibrosis was classified into 
mild, moderate, and severe.13

Missing data for each variable are reported. 
Imputation with the mean was carried out for the cova-
riates for logistic and Poisson regressions. Stepwise 
forward regression was used where variables with a 
likelihood ratio P value of less than 0.05 were included 
sequentially in the regression. For other analyses, the 
sample size floated to the total number of patients with 
the available data necessary for each analysis.

The multidisciplinary team was composed of 
clinical nutrition physicians, gastric surgeons, 
psychologists, and dietitians. Multidisciplinary team 
experience was defined as years of working as a bar-
iatric multidisciplinary interaction team. Therefore, 
team experience of 1 corresponded to the result from 
the first year of the multidisciplinary team bariatric 
activity, and so on.
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The primary endpoint analyzed was length of 
hospital stay (LOS). Secondary outcomes were all-
cause mortality, myocardial infarction, pulmonary 
embolism, and stroke before 90 days post surgery. 
The odds ratio for mortality with the variables in 
OS-MRS and the c-statistic for event discrimina-
tion were calculated. Statistical analyses were per-
formed with Stata® 9.0 (Statacorp, College Station, 
TX, USA). For validation, odds ratio and c-statistic 
mortality logistic regression was calculated. LOS 
predictors were calculated using Poisson regression. 
Linear regression was used to analyze predictors of 
lung disease. Data is expressed as mean ± standard 
deviation (for numeric variables) or percentage (for 
categorical variables).

Results
In all, 299 patients (who had a mean age of 
41 ± 10 years) had bariatric surgery, and 95% of 
data from these patients were retrieved. A functional 
capacity over 4 METs was found in 85% of patients. 
Over 66% of the patients were hypertensive, 30% 
had type 2 diabetes, 32% were current or previous 
smokers, 50% had HDL-cholesterol below 40 mg/
dL (1.03 mmol/L). Table 1 displays baseline data 
collected.

Spirometry was performed on 267 patients. Forced 
vital capacity was on average 92% ± 14%, forced expi-
ratory volume in 1 second was 90% ± 15% and the Tiff-
eneau index was 82% ± 7% of the  predicted for age 
and gender. Eighteen (6%) patients had a pattern 

Table 1. Baseline characteristics of 284 patients who underwent bariatric surgery.

Mean ± sD or frequency (%) Missing data (%)

Demographics (n = 284)
Age (years) 41 ± 10 0
Female 233 (82%) 0
Anthropometry
Pre-surgery weight (kg) 135 ± 23 0
height (cm) 164 ± 9 0
BMI (kg/m2) 50 ± 8 0
Biochemical data
Total cholesterol (mmol/L) 4.89 ± 1.08 12
hDL-cholesterol (mmol/L) 1.03 ± 0.23 16
LDL-cholesterol (mmol/L) 3.05 ± 0.95 13
Triacyglycerides (mmol/L) 1.76 ± 1.05 12
Uric acid (μmol/L) 356 ± 118 9
hDL-cholesterol , 1.03 mmol/L 142 (50%) 16
co-morbidities
hTN 196 (69%) 0
DM2 86 (30%) 0
glucose intolerance 85 (30%) 0
Venous stasis 43 (15%) 0
hypothyroidism 23 (8%) 1
Obstructive sleep apnea 13 (5%) 0
Previous MI 3 (1%) 0
Previous pulmonary embolism 2 (1%) 0
Atrial fibrillation 1 (0.3%) 0
current or previous smoker 91 (32%) 0
cAD family history 51 (18%) 0
Medications
Allopurinol 15 (5%) 0
Statin 14 (5%) 0
pre-surgery evaluation
Functional capacity over 4 MeTs 231 (85%) 12
Pulmonary embolism risk (DeMaria) 58 (20%) 0
Increased cardiothoracic index 28 (10%) 9

Abbreviations: BMI, body mass index; MeT, metabolic equivalent of task; cAD, coronary Artery Disease; MI, myocardial infarct; hTN, hypertension.
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of significant restrictive disease with a forced vital 
capacity below 70%, and 12 (4%) patients had a pat-
tern of significant obstructive disease.  Independent 
predictors of lung restrictive disease in this sample 
were type 2 diabetes (P , 0.01), serum uric acid 
(P , 0.04), and cardiomegaly (P , 0.04) with an 
r2 of 13%.

A total of 275 patients had a liver biopsy 
performed. Only 10 (4%) patients had normal 
biopsy. Most patients, 254 (92%), had some degree 
of steatohepatitis, with 23 patients having severe and 
very severe findings on biopsies (8%).  Seventy-six 
(27%) patients had some degree of liver fibrosis, 
32 had moderate fibrosis (12%), and 2 had severe 
fibrosis (1%).

An upper gastrointestinal endoscopy was per-
formed in 293 patients. Of these, an abnormal endos-
copy was present in 241 (82%) patients. Gastritis 
(no ulcer erythema) was highly prevalent (184 
patients, 62%). Esophagitis was present in 58 patients 
(19%), hiatal hernia in 79 patients (26%), duodenitis 
in 27 patients (9%), gastric ulcers in 9 patients (3%), 
duodenal ulcers in 8 patients (3%), gastric polyps 
in 7 patients (2%). Finally 52 patients (18%) had an 
endoscopy with no pathological findings.

Twenty-eight patients had no heart risk assessment. 
Of the 271 remaining, 235 (86%) were considered 
low risk for cardiovascular events.9 In the 36 patients 
that warranted further evaluation, 16 patients had 
a radionuclide scanning performed that revealed 
mild ischemia or no ischemia.  Echocardiogram was 
ordered for 8 patients, all of which were normal. 
Stress echocardiogram was ordered for 2 patients, 
one of which was negative for ischemia and the 
other was inconclusive. No additional exam could 
be ordered for this patient and for 8 other patients 
because their weight surpassed maximal table capac-
ity in the cardiac catheterization and radionuclide 
imaging  laboratories. Finally, two patients had a 
coronary angiogram performed that revealed no sig-
nificant lesions. There were no recommendations to 
postpone or cancel any surgery.  Surgical new inter-
vention was necessary in 27 patients (9%); of these, 
10 patients required an antibiotic  prescription. Six of 
these patients went on to develop fatal septic shock. 
At 90 days, with all patients accounted for, eight 
deaths were recorded, six due to septic shock attribut-
able to abdominal infection, and two  associated with 

massive PE. An additional adverse event within this 
time frame was a non-fatal stroke.

After 30 days post surgery, patients had a mean 
weight of 125 ± 21 kg, which corresponded to an 
excess weight loss (EWL) of 13% ± 6% and an excess 
of BMI weight loss (EBMIL) of 15% ± 7%. At six 
months, mean weight was 103 ± 19 kg with an average 
EWL of 44% ± 11% and an EBMIL of 49% ± 13%. 
Average total patient LOS was 7.5 ± 5.0 days. LOS 
ranged, in this service, from an average 14.5 days in 
the first year bariatric surgery was performed to an 
 average 5.4 days in the last year analyzed in this study. 
The predictors of a longer LOS were years of team 
experience from beginning and smoking (P , 0.001).

Since years of team experience was an important 
predictor, but would not be relevant after the initial 
period, we chose to repeat the analysis with the final 
three years of the study. This included 183 patients 
(61% of the entire study) with an average LOS of 
6.1 ± 5.0 days. Thereafter, the predictors of a longer 
LOS were patient smoking (P , 0.01) and patient 
educational attainment (P , 0.02). Current and pre-
vious smokers remained admitted 4 days and 1 day 
longer, respectively, when compared with those who 
had never smoked.

Patients with an educational attainment of elemen-
tary school or less and those with a high school educa-
tion remained in the hospital 2 days and 1 day longer, 
respectively, when compared with those with at least 
a college education.

OS-MRS of each patient shows that almost half of 
the sample was classified as low risk, a second half as 
medium risk, and 6% as high risk. The global mortality 
rate was 2.6%, but it reached 12.5% in the high-risk 
group (Table 2). The odds ratio for mortality was 
comparable to the odds ratio of the original cohort. 
The c-statistic for the OS-MRS to predict mortality in 
this population was 0.69.

Discussion
In this study, the OS-MRS was validated through 
the odds ratio except for pulmonary embolism risk. 
This may be due to the fact that pulmonary embo-
lism risk includes sleep apnea, which may have 
been underdiagnosed in our patients. Our patients 
had polysomnography only after clinical suspicion 
and pulmonary embolism risk factors may not have 
been actively sought out in the patients’ complaints. 
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Despite this, the discriminatory power of the OS-MRS 
was adequate since in this population it was able to 
identify a high-risk group of patients. Patients consid-
ered for bariatric surgery in this high-risk group could 
have their surgeries postponed in an attempt to reduce 
risk, and further preoperative attempts at weight loss 
could be made or these patients could be evaluated 
for a different procedure.

Adult patients in this study had considerable preva-
lence of comorbidities such as hypertension and type 2 
diabetes. Half of the patients had dyslipidemia with low 
HDL-cholesterol. Chest radiography and clinical find-
ings have low specificity for detecting respiratory 
abnormalities in obese patients. Thus, spirometry was 
performed on most patients, with pathological findings 
in few patients. There was an association of restrictive 
pulmonary disease14,15 with type 2 diabetes, serum uric 
acid, and cardiomegaly, but not with LOS. The prev-
alence of abnormal endoscopies was similar to that 
described in the literature.16–18 The frequency of abnor-
malities in liver biopsies found in this study was more 
than double that described for the morbidly obese in the 
literature,19,20 but there was no correlation with LOS in 
our study.

Since we did not expect enough events to be able to 
identify predictors of mortality in this study, our main 
outcome was the LOS, which is indirectly linked to 
complications.21 The predictors of a longer LOS iden-
tified in this study were the experience of the multi-
disciplinary team and smoking habit. The association 
with team experience could reflect a more conserva-
tive approach in the first cases, which included longer 
hospitalization time. Also, this could reflect the steep 

multidisciplinary team learning curve for bariatric 
surgery.22 Considering that team experience would 
not be relevant after the initial years, we re-analyzed 
LOS only with patients who underwent surgery in the 
last three years of the study. In this group, smoking 
was maintained as a predictor,23 but a new risk fac-
tor emerged. This new factor was patient educational 
attainment. We believe that the educational attainment 
may reflect patient compliance and adherence to care 
after surgery. This study, therefore, found that smok-
ing and educational attainment are predictors of longer 
hospital stays and suggests that targeting interventions 
to smokers, such as stimulating them to quit ahead 
of surgery, and increasing orientation and support to 
patients with less educational attainment could help 
reduce complications and length of hospital stay after 
bariatric surgery.

Limitations
This was a 9-year retrospective study. In spite of the 
extensive clinical and laboratory data that was col-
lected, misdiagnoses or misinterpretation of patient 
information could have taken place. In any case, 
careful statistical analyses removed all variables that 
were not linked to LOS. Educational attainment and 
smoking, therefore, should be carefully considered 
when selecting patients for bariatric surgery in addi-
tion to a comprehensive medical examination.24
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