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Abstract
Background Readmission rate is considered an indicator of quality of care, which is already used in some countries to impose
financial penalties on hospital with readmissions in excess of the national average. Nevertheless, this indicator presents some
controversial drawbacks. The objective of this study was the assessment of readmission rate after bariatric surgery.
Methods This is a retrospective observational study on a national administrative claims database, the Information Systems
Medicalization Program, PMSI, which is a nationwide billing tool collecting information on all hospital discharges in France.
All adult patients operated of bariatric surgery from January 1, 2013, through December 31, 2016, were included. The main
outcome was unplanned 30-day readmission rate. Secondary outcome was the analysis of reasons for readmission.
Results During the study period, out of 187,000 bariatric interventions, the unplanned readmission rate was 4.7%. A significant
difference was found between bariatric procedures (gastric banding 3.1%, sleeve gastrectomy 4.5%, gastric bypass 5.7%,
p < 0.001). The most important risk factors are the Charlson comorbidity index, the occurrence of a complication after the initial
intervention, and the bariatric technique type itself. The main causes of return to the hospital are abdominal pain, peritonitis,
nausea/vomiting, and bleeding. After adjustment for confounders, the rate of rehospitalization varies between 1.0% and 16.0%
among all French hospitals.
Conclusions Approximately 5 % of patients undergoing bariatric surgery suffered a readmission within 30 days. We identified
common causes and identified patients at high risk for such an event. These information could be useful for developing strategies
to improve in- and outpatient care in bariatric population.
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Introduction

Bariatric surgery has undergone massive development in the last
two decades, accounting for about 500,000 procedures per year
since 2013 [1]. With growing attention on quality improvement,
several national bariatric societies have used registries to monitor
their outcomes [2]. Among surgical outcomes in the bariatric

population, hospital readmission is recognized as an important
metric of quality and patient safety [3, 4]. Nevertheless, to obtain
accurate benchmarking, it is important to provide reliable risk-
adjusted outcome metrics and an adequate sample size. Some
bariatric outcomes such as mortality or readmission rate may
not have sufficient reliability to differentiate hospital performance
because of low event rates and small caseloads [5].

Recently, the 30-day readmission rate after bariatric sur-
gery has been reported to range from 2.6 [6] to 12.7% [7].
Nevertheless, the reliability of this information should be con-
sidered with caution if the data source does not have the ability
to discriminate between planned and unplanned readmission
or to identify patients readmitted to a non-index hospital. In
this context, French national administrative data, originally
collected for reimbursement purposes, may provide important
information. This national healthcare database collects com-
prehensive data from all surgical centers and can be used to
follow any single patient across different hospitals.
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The aim of this study was to investigate unplanned
readmissions after bariatric surgery on a nationwide basis.
We also assessed hospital performance per surgical center in
relation to hospital caseload, before and after risk adjustment.

Methods

Setting and Participants

This was an observational descriptive study on the incidence
of unplanned readmission after bariatric surgery.

Data were extracted from the national hospital discharge da-
tabase (“Programme De Médicalisation des Systèmes
d’Information,” PMSI), which is a tool for billing hospitaliza-
tions in all French hospitals, irrespective of their academic affil-
iation or ownership (public and private for-profit and private non-
profit). Because discharge reports are mandatory and constitute
the basis of hospital funding, this database is exhaustive on all
reimbursed surgical interventions in the country.

In the PMSI database, data are collected as standardized
discharge reports, consisting of patient demographic data
(age, gender, zip code, entry, and release dates), primary and
associated diagnoses based on the International Classification
of Disease, 10th edition (ICD-10), and therapeutic procedures
based on the Common Classification of Medical Acts
(Classification Commune des Actes Médicaux, CCAM, 11th
edition), which is a national standardized classification of
medical procedures [8]. Each patient in the database is identi-
fied with a unique anonymous identifier, which allows for
linkages between consecutive hospital stays in different hos-
pitals. Since the individual information is anonymous and
publicly available, patient consent is not required.

We included patients who underwent bariatric surgery in
France in the period from January 1, 2013, to December 31,
2016. Any eligible patient was included, so no sampling was
performed on the original population. We included adult pa-
tients (≥ 18 years) subjected to one of the following bariatric
procedures: adjustable gastric banding (AGB), gastric bypass
(GB), or sleeve gastrectomy (SG). Patients were identified in
the database through the CCAM codes for bariatric proce-
dures (Appendix 1) associated with a principal diagnosis of
obesity (ICD-10 code: “E66x”). No selection was performed
based on the timing of the bariatric procedure (initial interven-
tion or revisional surgery).

Outcomes

The primary outcome of this study was unplanned readmission
within 30 days of discharge from the initial hospital stay. Because
the data set is comprehensive for all French hospitals,
readmissions could be assessed for any hospital where the patient
was readmitted (index or non-index hospital). We define the

index hospital as the center where the initial bariatric procedure
took place. The secondary outcome was to explore the readmis-
sion rate per hospital before and after adjustment based on base-
line patient characteristics and surgical procedure.

The classification of unplanned readmission was done first
identifying all readmissions within 30 days from discharge
after bariatric surgery. The variable describing patient destina-
tion after discharge was then used to identify transfers to an-
other center that were not considered a readmission. Next, we
used the principal diagnosis codes in chart reviews to exclude
any types of malignancy or coding errors. Admissions in a
regular follow-up day hospital setting were also identified
using the principal diagnosis, i.e., the ICD-10 codes Z09.0
(“Follow-up examination after surgery for other conditions”)
and Z71.3 (“Dietary counselling and surveillance”).

The causes of readmission were assessed using the principal
diagnosis and grouped according to the algorithm reported in
Appendix 2. Overall, morbidity was assessed by applying the
same algorithm to all available ICD-10 codes (principal and as-
sociated diagnoses). Length of stay was categorized into three
classes: 0 to 1 day, 2 to 7 days and > 7 days. The first category
(0–1 day) is used to capture ambulatory and outpatient surgery
patients. One day of hospital staymeans that the patient spent one
night at the hospital irrespective of the total number of hours. The
cut-off of 7 dayswas selected according to theASMBSdefinition
of a major complication as “any complication that results in a
prolonged hospital stay (beyond 7 days), administration of an
anticoagulant, reintervention or reoperation” [9].

Confounders

Demographic data included age and gender. Age was grouped
into five categories. The body mass index (BMI) is not report-
ed in the dataset as a continuous variable but is stratified into
four categories, through the ICD-10 codes “E66x” (obesity
with a BMI from 30 to 40 kg/m2, from 40 to 50 kg/m2,
>50 kg/m2, and BMI unspecified). Patients in the category
“BMI unspecified” were excluded from the analysis.

Comorbidities were assessed using the Charlson comorbid-
ity index, using the version of Quan and colleagues [10]. The
final score was the categorized into three groups (0, 1–2, and
≥ 3). Obstructive sleep apnea syndrome (OSAS), which is not
part of the Charlson index, was included as a separate covar-
iate. As OSAS and comorbidities included in the Charlson
index are chronic diseases, they were identified using an in-
patient lookback period. This means that comorbidities were
not assessed only for the index hospitalization, but also using
all the longitudinal patient information anterior to the index
hospitalization. This approach has shown an improvement in
the explanatory power of the model, in particular for
readmissions [11]. As we had access to data since 2008, all
patients have at least a 5-year lookback period for assessing
comorbidities.
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Statistical Methods

The presence of any difference in baseline characteristics be-
tween the groups with a 30-day potentially avoidable readmis-
sion and those not readmitted was tested by univariable logistic
regression. A multivariable logistic regression model was then
built using a stepwise backward selection procedure. For every
surgical case, the expected probability of readmission was com-
puted, leading to an expected readmission rate for each hospital.
In order to assess each hospital’s risk-adjusted readmission rate,
we calculated the hospital-specific ratio between the observed
and the expected readmission rate, multiplied by the overall re-
admission rate from the pooled hospital data. A general funnel
plot was created to report hospital readmission rates as a function
of average number of surgical cases per year. Control and warn-
ing limits were set at three and two standard deviations around
the central line, respectively, using a continuity correction in the
Wilson confidence limits. Poorly and highly performing hospi-
tals were positioned above and below the two standard deviation
limits, respectively.

All analyses were performed using R version 3.4.4. (R
Foundation for Statistical Computing, Vienna, Austria). Data
are reported according to the REporting of studies Conducted
using Observational Routinely collected Data statement
(RECORD statement) [12].

Results

We identified 187,273 bariatric procedures during the study pe-
riod. We excluded 1182 vertical banded gastroplasty and 627
biliopancreatic diversions, as well as 448 procedures performed
in non-adult patients and 859 procedures with ambiguous cod-
ing; thus, 184,157 bariatric interventions were included in the
analysis. The overall 30-day readmission rate was 7.7% (n =
14,148). Among these readmissions, 2474 (17.4%) were exclud-
ed for coding errors, 61.7% (8730/185,477) were determined to
be unplanned readmissions, and 3057 (21.6%) were considered
planned readmissions.

Baseline characteristics are reported in Table 1. There were
no statistically significant differences between readmitted and
not readmitted patients with regard to gender and BMI.
Readmitted patients had more comorbidities than non-
readmitted patients (Charlson index > 0 for 15.4% vs.
11.7%, p < 0.001, OSAS 33.2% vs. 29.7%, p < 0.001), were
more frequently subjected to gastric bypass (35.8% vs. 29.2%,
p < 0.001) than gastric banding and sleeve gastrectomy, and
experienced more reinterventions (15.8% vs. 9.2%, p < 0.001)
during the initial hospital stay.

The 30-day readmission rate was 4.7% (8730/184,157).
Gastric banding patients experienced the lowest readmission
rate of 3.1%, followed by sleeve gastrectomy patients (4.5%)
and gastric bypass (5.7%). After a backward multivariable

Table 1 Baseline characteristics of readmitted and non-readmitted patients

Covariate Not readmitted Readmitted p value
n = 175,427 n = 8730

Gender 0.479
Female 142,362 (81.2) 7058 (80.8)

Male 33,065 (18.8) 1672 (19.2)

Age, year < 0.001
18–29 36,191 (20.6) 1688 (19.3)

30–39 47,405 (27.0) 2268 (26.0)

40–49 48,199 (27.5) 2283 (26.2)

50–59 32,699 (18.6) 1794 (20.5)

> = 60 10,933 (6.2) 697 (8.0)

BMI, kg/m2 0.712
30–40 59,384 (33.9) 2953 (33.8)

40–50 99,199 (56.5) 4961 (56.8)

> 50 16,844 (9.6) 816 (9.3)

Charlson comorbidity index < 0.001
0 155,047 (88.4) 7386 (84.6)

1–2 18,357 (10.5) 1161 (13.3)

> = 3 2023 (1.2) 183 (2.1)

OSAS 52,183 (29.7) 2894 (33.2) < 0.001

Bariatric procedure < 0.001
Gastric banding 13,858 (7.9) 440 (5.0)

Sleeve gastrectomy 110,336 (62.9) 5168 (59.2)

Gastric bypass 51,233 (29.2) 3122 (35.8)

Surgical approach < 0.001
Laparoscopic 174,433 (99.4) 8622 (98.8)

Open 994 (0.6) 108 (1.2)

Revisional surgery 10,455 (6.0) 750 (8.6) < 0.001

Hospital status < 0.001
Private, for profit 112,072 (63.9) 5206 (59.6)

Private, non-profit 8274 (4.7) 423 (4.8)

Public 55,081 (31.4) 3101 (35.5)

Academic setting 25,455 (14.5) 1545 (17.7) < 0.001

Hospital surgical volume 0.002
< 50 15,661 (8.9) 810 (9.3)

50–99 27,870 (15.9) 1510 (17.3)

100–149 24,545 (14.0) 1243 (14.2)

150–199 20,860 (11.9) 1012 (11.6)

> = 200 86,491 (49.3) 4155 (47.6)

Length of stay*, days < 0.001
0–1 8481 (4.8) 321 (3.7)

2–7 156,777 (89.4) 7140 (81.8)

> 7 10,169 (5.8) 1269 (14.5)

Reoperation* 16,209 (9.2) 1375 (15.8) < 0.001

Year 0.890
2013 39,054 (22.3) 1966 (22.5)

2014 43,286 (24.7) 2148 (24.6)

2015 44,561 (25.4) 2229 (25.5)

2016 48,526 (27,7) 2387 (27,3)

BMI, body mass index; OSAS, obstructive sleep apnea syndrome

*Length of stay and reoperation are meant for the index hospitalization,
i.e., the hospitalization where the bariatric procedure takes place
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regression analysis, we identified several variables that were
significant independent predictors. The highest adjusted ORs
were identified for a Charlson Index ≥ 3 (OR 1.56, 95%CI
1.33–1.82, p < 0.001), for open surgery (OR 1.52, 95%CI
1.23–1.86, p < 0.001), and for having experienced a
reintervention during the initial stay (OR 2.48, 95%CI 2.26–
2.74, p < 0.001). The type of bariatric procedure was signifi-
cantly associated with readmission. Compared with gastric
banding (used as the reference), sleeve gastrectomy had an

adjusted OR of 1.35 (95%CI 1.21–1.51, p < 0.001) and gastric
bypass an adjusted OR of 1.66 (95%CI 1.48–1.86, p < 0.001).
All results of the multivariate analysis are reported in Table 2.

The reasons for unplanned readmissions are reported in
Table 3. The most common were leak/peritonitis (16.7%),
abdominal pain (12.3%), nausea and vomiting (8.6%), and
bleeding (5.8%).

When all the available codes were analyzed (principal and
associated diagnoses), leak/peritonitis was found in 22.7% of

Table 2 Factors associated with
unplanned readmission for all
inpatient surgical cases

Covariate Odds ratio (95%CI) p value Adjusted odds ratio (95% CI) p value

Sex

Female Reference Reference

Male 1.02 (0.97–1.08) 0.48 0.98 (0.93–1.04) 0.543

Age

18–29 Reference Reference

30–39 1.03 (0.96–1.09) 0.44 0.96 (0.90–1.03) 0.265

40–49 1.02 (0.95–1.08) 0.64 0.91 (0.85–0.97) 0.004

50–59 1.18 (1.1–1.26) < 0.001 0.98 (0.92–1.06) 0.647

> = 60 1.37 (1.25–1.50) < 0.001 1.11 (1.01–1.22) 0.03

BMI, kg/m2

30–40 Reference Reference

40–50 1.01 (0.96–1.05) 0.81 0.97 (0.92–1.02) 0.206

> 50 0.97 (0.90–1.05) 0.52 0.90 (0.83–0.97) 0.01

Charlson comorbidity index

0 Reference Reference

2–3 1.33 (1.25–1.41) < 0.001 1.21 (1.13–1.29) < 0.001

> = 3 1.90 (1.62–2.21) < 0.001 1.56 (1.33–1.82) < 0.001

OSAS 1.17 (1.12–1.23) < 0.001 1.07 (1.02–1.13) 0.005

Bariatric procedure

Gastric banding Reference Reference

Sleeve gastrectomy 1.48 (1.34–1.63) < 0.001 1.35 (1.21–1.51) < 0.001

Gastric bypass 1.92 (1.74–2.13) < 0.001 1.66 (1.48–1.86) < 0.001

Surgical approach

Laparoscopic Reference Reference

Open 2,2 (1,79-2,67) < 0.001 1.52 (1.23–1.86) < 0.001

Revisional surgery 1,48 (1,37-1,6) < 0.001 1.32 (1.22–1.43) < 0.001

Length of stay*, days

0–1 Reference Reference

2–7 1.2 (1.08–1.35) < 0.001 0.96 (0.85–1.1) 0.57

> 7 3.3 (2.91–3.74) < 0.001 1.90 (1.64–2.19) < 0.001

Reoperation* 4.02 (3.69–4.38) < 0.001 2.48 (2.25–2.74) < 0.001

Year

2013 Reference

2014 0.99 (0.93–1.05) 0.65

2015 0.99 (0.93–1.06) 0.84

2016 0.98 (0.92–1.04) 0.46

BMI, body mass index; OSAS, obstructive sleep apnea syndrome

*Length of stay and reoperation are meant for the index hospitalization, i.e., the hospitalization where the bariatric
procedure takes place

OBES SURG (2019) 29:3680–3689 3683
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readmissions, abdominal pain in 16.9%, nausea and vomiting
in 17.7%, and bleeding in 12.1%. Surgical site infection was

reported in 22.3% of readmissions. Gastric banding compli-
cations (ICD-10 codes T85x) were the most common reason
for readmission after AGB. These codes were occasionally
found after SG and GB in the case of revisional surgery (con-
comitant AGB removal with SG or GB). During readmission,
16.2% of patients underwent a surgical reoperation, 7.7%
underwent endoscopic procedure, and 3.6% underwent radio-
logical drainage (Table 4). Mortality was 0.4% (32/8730).

Hospital Performance

Overall, 25.9% (2263/8730) of readmissions took place
in a non-index hospital. No statistical correlation was
found between hospital volume and the readmission rate
(r = 0.029, p = 0.494). Greater variability in study out-
comes was observed in lower volume hospitals, as
shown in Fig. 1. In Fig. 2, we report the hospital rank-
ing before and after adjustment. We identified 41 hos-
pitals (7.8%) as high performers and 88 (16.8%) as poor
performers, whereas 395 (75.4%) hospitals were average
performers. A total of 40 centers (7.6%) modified their
ranking after adjustment.
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Fig. 1 Aggregated funnel plot of adjusted readmission rates in French
hospitals as a function of the caseload. Readmission rate is adjusted based
on patient surgical characteristics. Data are reported for hospitals
performing at least 10 procedures per year on average. Two levels of

limits are set at two and three standard deviations, respectively, from
the overall adjusted mean. Highly performing hospitals are positioned
below the central line, while poorly performing hospitals are positioned
above

Table 4 Morbidity and mortality during unplanned readmissions

Covariate Whole sample
(N = 8730)

Length of stay (d) 0–1 2830 (32.4)

2–7 3941 (45.1)

> 7 1959 (22.4)

Surgical reintervention 1413 (16.2)

Endoscopic intervention, any 670 (7.7)

Endoscopic prosthesis 477 (5.4)

Endoscopic dilation 126 (1.4)

Endoscopic hemostasis 80 (0.9)

Radiological drainage 316 (3.6)

Artificial nutrition 292 (3.3)

Blood transfusion 276 (3.2)

ICU stay 380 (4.3)

Death 32 (0.4)

Data are reported as n (%) unless otherwise reported

D, days; sd, standard deviation; ICU, intensive care unit

OBES SURG (2019) 29:3680–3689 3685



Discussion

The readmission rate is recognized as a valuable metric for qual-
ity after surgery. Nevertheless, this measure has some problems.
One major issue is the ability to identify readmission in non-
index hospitals. Rates of readmission in a different hospital than
the initial one have been reported up to 43% [13]; this rate was
25.9% in our analysis. Hence, single-center statistics should not

be considered reliable for this outcome. The increasing use of
administrative data or registries collecting data on multiple cen-
ters can overcome this problem. The second problem is the iden-
tification of planned and unplanned readmissions, which is a
complex topic strictly connected to the type and quality of the
data source. If this specific information is not recorded during
data collection, it has to be deducted from other information [14].
In some studies, unplanned readmissions are also referred as
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“potentially preventable.” This definition outlines the burden for
health care systems and the need to implement preventive inter-
ventions [15, 16].

The third problem with determining the readmission rate is
the definition of the 30-day readmission rate, which should not
be considered implied in all cases. Whereas most of the studies
consider this to represent 30 days from discharge, the structure of
some data sources (such as the ACS-NSQIP database or the
MBSQIP data registry) starts computing this rate from the day
of surgery [17–19]. In our case, if the outcomewas set at 30 days
after surgery, we would have omitted 10.2% (890/8730) of
readmissions. In this study on over than 187,000 bariatric proce-
dures, we observed an overall 30-day readmission rate of 7.7%,
and, after selection, we identified 4.7% unplanned readmissions.
This result is consistent with recent studies on large databases
reporting readmission rates of 4.4 to 6.5% [17, 20].

Several factors have been previously associated with the
readmission rate, in particular baseline patient characteristics
and surgical issues. Our study found an increased risk of re-
admission with higher Charlson comorbidity index. It has
been shown that preoperative optimization (including
smoking cessation, assessment of nutritional status, control
of diabetes, hypertension, pulmonary, and cardiac conditions)
reduces postoperative complications. Several studies report
that major complications and reintervention during the index
hospitalization will increase the probability of an unplanned
readmission [16, 18, 19, 21]. Our results confirm this data.

The type of bariatric procedure plays also an important role
on the readmission rate, and our study confirms previous ob-
servations of a gradient going from the lowest value for AGB
to the highest value for GB, with SG in the intermediate zone.
In fact, patients subjected to GB have a lower probability of
being readmitted in the first 30 days after surgery (1.2–4.5%)
[21, 22] compared with SG (2.8–7.6%) and GB (4.9–11.6%)
patients [17, 21]. The laparoscopic approach is associatedwith
a lower readmission rate, but this covariate is losing interest,
as use of the open approach is disappearing (99.4% of proce-
dures used the laparoscopic approach in our study). On the
contrary, it is likely that we will observe in the future an in-
crease in revisional procedures; this factor is significantly as-
sociated with a worse outcome. Unfortunately, these factors
associated with surgical issues may not be preventable.

The most common reasons for readmission after bariatric
surgery are nausea and vomiting, abdominal pain, gastric
leak/peritonitis, and bleeding. Our findings are consistent with
previous studies with some differences in term of prevalence.
In our study, the most common cause of readmission was
gastric leak/peritonitis, which was reported in 18.0% of cases
as the principal diagnosis, followed by abdominal pain
(11.0%). The identification of one single cause for readmis-
sion is not straightforward. The reason for returning to the
hospital is often multifactorial and it depends on the quality
of coding and on the decision regarding which complication to

highlight. Furthermore, employing the principal diagnosis
alone to identify reasons for readmission underestimates the
real prevalence of some major complications, i.e., leak/
peritonitis was observed in 18.0% of principal diagnoses but
was found in 22.7% of hospital discharge reviews.

The most important strengths of this study are the compre-
hensiveness of the data source and the population size. The
PMSI database provides access to the entire population for all
health centers, either private or public. Thus, we could assess
any hospitalization reducing selection bias. The structure of
the database also allowed us to identify readmission to a non-
index hospital and to discriminate transfer from readmission.
The sample size of this study on hospital readmissions is the
largest to date. Despite the potential access to data from 2007
(more than 300,000 patients), we decided to include data that
were more comparable to the current practice in terms of the
type of bariatric procedure and the healthcare pathway.

This study has several limitations. First, are those that con-
cern an administrative database, in particular coding errors or
coding bias associated with reimbursement strategies, lack of
clinical data, and the inability to capture the effect of the sur-
geon’s skill on the outcome. The second limitation is the dif-
ficulty in defining the readmission cause as one single item.
We decided to use the principal diagnosis in the chart review
as the cause for readmission, but this is a simplification as the
reasons may be multifactorial and complex. Third, we think
that there are several unmeasured variables that play a role,
such as surgical experience and post-discharge organization.
In fact, the surgeon’s skill is associated with postoperative
morbidity [23], which is related to the readmission rate, as
we report in our results. However, this information is quite
difficult to define and is very rarely reported. The organization
of the post-discharge care may play a role in readmissions.

Conclusions and Interpretation

In conclusion, we show that one in twelve (7.7%) of patients
undergoing bariatric surgery in France was readmitted within
30 days. The majority of these readmissions (61%) were clas-
sified as unplanned and considered as potentially preventable.
We identified risk factors and reasons for common readmis-
sion. Some factors are considered modifiable while others are
not. Hence, the readmission rate as a quality metric should be
handled with caution and all available information should be
considered for adjustment.
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