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Abstract
Background Patients undergoing Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) have different healthcare
needs after surgery. Our aim was to quantify non-routine healthcare utilization after RYGB vs. SG.
Methods We compared non-routine (NR) visits made and associated services provided up to 2 years post-surgery for patients
undergoing RYGB or SG at a Bariatric Surgery Comprehensive Center between March 2013 and April 2015.
Results A total of 258 and 461 patients had primary RYGB and SG, respectively. Successful follow-up rates at one (76.2%) and
2 years post-surgery (52.6%) did not differ between groups. Rates for all NR visits, expressed as the number per 100 patients,
were 68.6 in RYGB vs. 35.4 in SG patients (p < 0.0001). Emergency department visits with subsequent admission (EDA) or
without subsequent admission (ED-only) and outpatient visits (OPV) were more frequent in RYGB vs. SG: EDA, 14.7 vs. 8.0
(p = 0.0076); ED-only, 17.8 vs. 7.6 (p = 0.0001); and OPV, 29.8 vs. 14.1 (p < 0.0001). RYGB required more services per 100
patients than SG, 120.9 vs. 75.3, respectively (p < 0.0001). Imaging was the resource most often used overall. Surgery type
(RYGB) significantly predicted healthcare utilization even after controlling for gender, ethnicity, and other variables. Healthcare
utilization peaked at 1 to 6 months post-surgery, driven by patients who underwent RYGB.
Conclusions RYGB required twice as many non-routine follow-up visits and 1.6 times greater use of healthcare services relative
to SG. Computer-assisted tomography imaging and endoscopies showed the greatest differences. Peak healthcare utilization for
RYGB occurred between 1 and 6 months following surgery.
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Introduction

Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy
(SG) together account for more than 70% of all bariatric sur-
geries in the USA [1]. RYGB is more efficacious than SG
[2–4] but is associated with greater frequency of side effects
and complications [5–12]. As surgical procedures, RYGB and
SG share common acute complications such as bleeding, leak,
and venous thromboembolism, but they differ in rates and
types of long-term complications. Patients undergoing
RYGB may experience stricture of the gastrojejunostomy,
anastomotic ulcers, complications related to the altered anat-
omy (internal hernia and intussusception), micronutrient defi-
ciencies, reactive hypoglycemia, and kidney stones [11].
Because RYGB is associated with higher complication rates
than SG, the characteristics of the follow-up care and services
following intervention are expected to differ.

To date, the focus of studies of post-intervention healthcare
utilization following bariatric surgery has been limited. The
Metabolic and Bariatric Surgery Accreditation and Quality
Improvement Program (MBSAQIP®) [13] documents com-
plications during the first 30 days following bariatric surgery,
but not all of the services that may have been provided, such
as the use and types of imaging deployed. Further, while the
MBSAQIP collects readmissions to the hospital related to
bariatric surgery beyond the first year, it does not release these
data for researchers. There is a need for more thorough exam-
ination of healthcare services beyond the first 30 days post-
surgery as approximately one third of readmissions to the
index inst i tut ion occur beyond this period [14].
Readmissions, reoperations, and post-operative interventions
(endoscopy, percutaneous drain placement, etc.) up to
180 days post-intervention have been documented [15], but
beyond 180 days post-surgery, such data are not found.
Studies that have documented readmissions up to 1-year
post-surgery [16] have focused mainly on the reasons for re-
admission. To our knowledge, no study extends documenta-
tion through the 2 years following intervention and none
parses out the details of the visits made and services rendered.
There is a need to carefully examine the healthcare services
provided in a real-world setting to adequately diagnose and
treat patients following SG and RYGB and to better prepare
them for the healthcare needs that they may face after these
procedures.

The purpose of the current study was to compare the utili-
zation rate of all healthcare services that were related to pri-
mary bariatric procedures (SG vs. RYGB) from the time of
surgery up to 2 years following surgery at a single accredited
surgical weight loss program. We quantified healthcare utili-
zation by counting non-routine visits after bariatric surgery
that were judged to be bariatric-related, including emergency
department visits, unscheduled office visits, and hospital
readmissions and services provided that were triggered by

these visits, including radiographic and imaging studies and
bariatric-related surgical and non-surgical interventions.

Materials and Methods

Subjects and Study Design This was a retrospective chart re-
view of consecutive patients who underwent RYGB and SG
as an initial surgical weight loss procedure at a single site
between April 1, 2013 and March 31, 2015. All procedures
were performed by two bariatric surgeons using the same
laparoscopic technique for sleeve gastrectomy (34F gastric
lavage tube) and different techniques for RYGB (laparoscopic
retrocolic, retrogastric vs. robotic assisted antecolic
antegastric). The study site is accredited by the Metabolic
and Bariatr ic Surgery Accreditat ion and Quali ty
Improvement Program (MBSAQIP). The study was approved
by the local Institutional Review Board. Qualified patients in
the bariatric clinical registry were identified. Relevant medical
history for each patient was extracted from the electronic med-
ical record, de-identified, and compiled in a secure, HIPAA-
compliant research database.

Measures

Patient Clinical Characteristics Age, height, body mass index
(BMI), comorbidities present, and other relevant clinical data
collected before surgery were used to characterize patient
groups.

Healthcare Visits All non-routine follow-up visits within
2 years of surgery were identified and clinician notes were
interrogated for relevance to bariatric surgery treatment. A
non-routine (NR) visit was defined as a visit to the surgical
weight loss center, to the emergency department, or to another
healthcare facility that was not previously scheduled as part of
the standard of care after bariatric surgery and was needed in
order to address a side effect, symptom, or complication
judged by the investigators to be related to the index bariatric
procedure. A visit or service was counted if a connection to
bariatric surgery was inferred by the investigators based on the
clinical documentation, or if subsequent work-up revealed that
the problem in question was related to the index bariatric
procedure. In cases where a connection to bariatric surgery
was questionable, the research team reviewed the case and
arrived at a consensus. Visits and services for treatment of
medical problems that were not related to bariatric surgery
treatment were excluded. Examples of excluded visits and
services were elective surgeries such as knee replacement,
visits to the ED due to injuries on the job, and outpatient visits
for conditions such as hemorrhoids. Each included visit was
categorized as one of the following: (1) an emergency
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department visit with subsequent hospital admission (EDA),
(2) an emergency department visit without subsequent hospi-
tal admission (ED-only), (3) an inpatient admission not imme-
diately preceded by an emergency department visit (IPV), or
(4) an outpatient visit (OPV).

Healthcare Services Healthcare service utilization was quanti-
fied by tabulating the number of tests, procedures, and ser-
vices related to the index bariatric surgery. These are detailed
below. Intraoperative services were not counted. A service
received during the initial hospitalization was counted if it
was considered as non-routine or not part of the post-
operative standard of care pathway. Imaging services included
computed tomography (CT), magnetic resonance imaging
(MRI), ultrasound (US), and X-ray, usually of the abdomen,
chest, or pelvis. Non-imaging services included endoscopies
(diagnostic or therapeutic), visits for rehydration, blood trans-
fusions, and endoscopic retrograde cholangiopancreatography
(ERCP). All surgical procedures performed to address a
bariatric-related complication or symptom were recorded in-
cluding all laparoscopic cholecystectomies.

Hospital Length of Stay The duration of the initial hospital
stay and any subsequent readmission was recorded in days.
A day was counted if it was accompanied by an overnight stay
in the hospital.

Follow-up Documentation of a measured body weight in the
medical record within ± 6 months of the 1- and 2-year time
points served as an indicator that the patient was seen at our
surgical weight loss center and represented a surrogate for
successful follow-up to that date. Additionally, any bariatric-
related healthcare services were documented and used in the
analyses, even for patients who were lost to follow-up based
on the unavailability of a documented body weight in the
medical record.

Data Analysis

We first tested for group differences in rates of total NR visits (or
services) per 100 patients using a comparison of rates test [17].
To assess whether the effects were driven by a small number of
patients with multiple visits, we performed additional analyses
excluding patients with more than two visits or more than five
visits. To further avoid any bias created by patients with multiple
uses having a disproportionate effect on analyses and to comply
with statistical rules of independence,we compared proportion of
patients with one ormoreNR visit (or used an associated service)
using chi-square test of proportions or Fisher’s exact test. For
differences in clinical characteristics, chi-square tests of propor-
tion or Fisher’s exact test were used to detect group differences in
proportions, as cell size demanded. For continuous variables, we
employed independent group t tests or Wilcoxon rank-sum tests

as appropriate based on underlying distributions. Logistic regres-
sion was used to assess whether type of surgery predicted the
need for one or more NR visit, or associated services, indepen-
dent of other potentially influential factors. Variables that were
found in univariate analyses to be associated with NR visits or
services at p< 0.20 were included in two separate logistic regres-
sions. For all tests, significance was set at p < 0.05.
MedCalcv13.1.2 was used to test for the difference of rates;
SPSSv21 was used for all other tests.

Results

Numbers of surgeries performed by each surgeon The num-
bers for each type of surgery performed were, for surgeon 1,
134 RYGB + 225 SG = 359 total and surgeon 2, 124 RYGB +
236 SG = 360 total (χ2 = 0.649; p = 0.421, NS).

Pre-operative and surgical characteristics A total of 258 and
461 consecutive patients underwent RYGB and SG, respec-
tively, during the study period. The mean age for the entire
cohort of 719 patients was 45.7 ± 12.0 years; 78.6% were
women; 65.5% were Caucasian, 17.9% were Latino, 15.4%
were African-American, and 1.1% reported another
ethnogeographic origin or declined to report. Pre-operative
and surgical characteristics are presented in Table 1. Patients
undergoing SG vs. RYGB differed significantly on BMI and
body weight. Those undergoing RYGB had significantly
higher rates of some comorbidities, greater surgical risk, and
a duration of surgery that was nearly double that of the SG
group.

Outcomes and Follow-up One-year follow-up weights were
available for 548 patients (76.2% of the total sample), and 2-
year follow-up weights were available for 378 (52.6% of the
total sample) (Table 1). By surgery type, the follow-up rates at
1- and 2-year time points did not differ significantly and were
75.0% for SG and 78.3% for RYGB patients and 51.2% and
55%, respectively. RYGB patients had greater weight loss
relative to SG (Table 1).

Reasons for Non-routine Visits and Services Abdominal pain
was the most common complaint, occurring at least once in
22.1% of the RYGB and 11.1% of the SG patients (p < 0.002).
Abdominal pain, dysphagia, dehydration, nausea, and
vomiting comprised the top five symptoms/reasons, occurring
in the RYGB group at rates more than double those in SG
(Table 2). Notably, rates of GERD were higher in SG com-
pared to RYGB (Table 2).

Visits Patients who experienced at least one NR visit com-
prised 32.6% of RYGB compared to 18.4% of SG
(p < 0.001; Table 3). Among subcategories, the rates of EDA
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or ED-only and OPV were essentially doubled in the RYGB
group (Table 4).

Services Patients who received at least one NR healthcare
service comprised 40.7% of RYGB compared to 29.9% of
SG (p = 0.003; Table 3). The overall rate of healthcare ser-
vice utilization was 1.6× higher in the RYGB group com-
pared to the SG group (Table 4). The exclusion of patients
who made many repeated NR visits reduced, but did not
eliminate, the greater utilization of healthcare services by

RYGB patients (Table 3). The use of all imaging services
(Table 4) was 26.2% higher (p = 0.0169) in RYGB, driven
by a 90.8% higher usage of CT imaging in this group
(p = 0.0003). The rate of all surgical procedures was dif-
ferent between groups (4.3 per 100 vs. 1.1 per 100,
p = 0.0061). Endoscopies were performed four times
more frequently, rehydration services administered nearly
twice as frequently, and red blood cell transfusions oc-
curred nearly four times more frequently in RYGB com-
pared to SG (Table 4).

Table 1 Characteristics of all patients before surgery and characteristics of those with data at 1 and 2 years after surgery

Characteristic Sleeve gastrectomy Roux-en-Y gastric bypass Test p value

Pre-surgery
N (women, men) 461 (359, 102) 258 (206, 52) A 0.537
Ethnicity†

Caucasian 66.8% (308/461) 63.2% (163/258) 0.108
African-American 16.3% (75/461) 14.0% (36/258) A#

Latino 15.8% (73/461) 21.7% (56/258)
Other or not available 1.1% (5/461) 1.2% (3/258)

Age 46.0 ± 12.3 (n = 461) 45.2 ± 11.6 (n = 258) B 0.365
Height (inches) 65.1 ± 3.8 (n = 461) 65.1 ± 3.4 (n = 258) B 0.953
Weight (lbs) 268.8 ± 58.2 (n = 461) 278.1 ± 55.6 (n = 258) C 0.005*
BMI (kg/m2) 44.4 ± 7.6 (n = 461) 45.9 ± 7.5 (n = 258) C 0.0001*

Comorbidities present, % (n/total)
Diabetes A 0.00003*
Yes, insulin dependent 8.5% (39/461) 18.2% (47/258)
Yes, non-insulin dependent 16.9% (135/461) 22.1% (57/258) A,3way 0.0001*
Not present 74.6% (344/461) 59.7% (154/258)

Gastroesophageal reflux disease 28.2% (130/461) 42.6% (110/258) A 0.00008*
Hyperlipidemia 28.2% (130/461) 28.3% (73/258) A 0.978
Hypertension 44.4% (205/461) 51.6% (133/258) A 0.068
Sleep apnea 50.8% (234/461) 58.5% (151/258) A 0.045*
Smoker 9.8% (45/461) 8.1% (21/258) A 0.470
Chronic obstructive pulmonary A 0.469
Disease (COPD) 0.7% (3/461) 1.2% (3/258)

Mobility device 1.7% (8/461) 1.9% (5/258) A 0.845
ASA class A 0.004*
I 0.2% (1/461) 0% (0/258)
II 33.6% (155/461) 21.3% (55/258)
III 64.9% (299/461) 77.9% (201/258)
IV 1.3% (6/461) 0.8% (2/258)

Characteristics related to hospitalization
Surgery duration (min) 66 ± 19 (n = 461) 121 ± 30 (n = 258) A 0.00001*
Robotic approach 0.0 (0/461) 50.0% (129/258) A <0.001
Length of hospital stay (days) 2.2 ± 0.7 (n = 461) 2.1 ± 0.6 (n = 258) C 0.367

One year post-surgery
N (women, men) 346 (202, 76) 202 (162, 40) A 0.550
Weight loss (lbs) 55.7 ± 29.2 (n = 346) 84.8 ± 32.7 (n = 202) B 0.00001*
Total weight loss (%) 20.8 ± 9.3 (n = 346) 30.6 ± 9.4 (n = 202) B 0.00001*
BMI decrease (kg/m2) 9.3 ± 4.5 (n = 346) 14.1 ± 5.2 (n = 202) B 0.00001*

Two years post-surgery
N (women, men) 236 (188, 48) 142 (111, 31) A 0.571
Weight loss (lbs) 50.8 ± 30.1 (n = 236) 82.9 ± 41.2 (n = 142) B 0.00001*
Total weight loss (%) 19.2 ± 10.2 (n = 236) 29.9 ± 11.3 (n = 142) B 0.00001*
BMI decrease (kg/m2) 8.5 ± 4.9 (n = 236) 13.7 ± 6.7 (n = 142) B 0.00001*

A chi-square, B Student’s t test, C Wilcoxon rank-sum test
† Five patients who underwent SG and three patients who underwent RYGB did not report ethnicity
# “Other or not available” group was not included in statistical testing

*Significant difference between groups
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Trends in NR Visits and Services by Interval Post-surgery
RYGB patients made significantly more NR visits than SG
patients at almost every interval post-surgery (Fig. 1a). For
SG patients, the rate of NR visits steadily declined over the
24 months post-surgery (Fig. 1a). For healthcare services, the
groups did not differ in the first 30 days. However, from 1 to
6 months post-surgery and over the 24 months after surgery,

RYGB patients received NR healthcare services at least twice
as often than SG patients (Fig. 1b).

Factors Predicting Non-routine Healthcare Utilization Table 5
indicates that nine variables were associated with at least one
NR visit or service at p < 0.20 in univariate analyses.
Multivariate logistic regression (Table 6) indicated that surgery

Table 2 Rates of the most frequently cited reasons for non-routine
healthcare (visits and services) listed in order of overall frequency. Data
are rates per 100 patients calculated from counts (in parentheses) as n of
counts / n of patients × 100. The rate difference represents the rate for

RYGB rate minus the rate for SG. Listed below the table are reasons for
visits that occurred infrequently (< 1 per 100 patients), with
corresponding counts for each

Reasons All patients
n = 719

SG
n = 461

RYGB
n = 258

Rate difference,
confidence interval

p value

Abdominal pain 26.7 (192) 17.8 (82) 42.6 (110) 24.9
16.7 to 32.5

<0.0001*

Dysphagia 6.4 (46) 2.4 (11) 13.6 (35) 11.1
7.3 to 15.0

<0.0001*

Dehydration 6.1 (44) 4.6 (21) 8.9 (23) 4.4
0.6 to 8.1

0.0234*

Nausea 6.0 (43) 3.9 (18) 9.7 (25) 5.8
2.1 to 9.5

0.0023*

Vomiting 3.6 (26) 2.0 (9) 6.6 (17) 4.6
1.7 to 7.5

0.0017*

GERD 2.4 (17) 3.3 (15) 0.8 (2) − 2.5
− 4.8 to − 1.4

0.0382*

Constipation 1.1 (8) 0.9 (4) 1.6 (4) 0.7
− 0.9 to 2.2

0.4052

Reasons reported at rates less than 1.0 per 100 patients (data are counts): melena, 6; shortness of breath, 6; weight gain, 6; diarrhea, 5; syncope, 3; chest
pain, 3; fever, 2; dizziness, 2; hematemesis, 1; swelling, 1; malnutrition, 1; pain in throat, 1; drainage from wound, 1; dyspepsia, 1; fatigue, 1;
hematuria,1; lower extremity pain, 1; hemoptysis, 1; numbness, 1; and weakness, 1

GERD gastroesophageal reflux disease

Table 3 Proportions of surgery groups who made one or more non-
routine visits or received one or more non-routine services, and
comparison of rates by surgery type in all patients, and in subgroups

formed after excluding 5 patients who made more than 5 non-routine
visits, and excluding 42 who made more than 2 non-routine visits.
Rates are determined from counts as in Table 2

All Patients SG RYGB Rate difference, confidence interval p value

Proportions

n719 n461 n258

Patients Making > 1 NR visit 23.5% (169) 18.4% (85) 32.6% (84) - <0.001*

Receiving > 1 NR service 33.8% (243) 29.9% (138) 40.7% (105) - <0.003*

Rate per 100 patients

In All Patients n719 n461 n258

Visits 45.9 (330) 35.4 (153) 68.6 (177) 35.4 [25.1 to 45.7] <0.0001*

Services 91.5 (659) 75.3 (347) 120.9 (312) 45.7 [31.1 to 60.3] <0.0001*

Excluding patients with > 5 NR visits n714 n460 n254

Visits 40.9 (292) 31.7 (146) 57.5 (146) 25.7 [15.9 to 35.5] <0.0001*

Services 78.0 (557) 68.3 (314) 95.7 (243) 27.4 [13.9 to 40.9] <0.0001*

Excluding patients with > 2 NR visits n677 n443 n234

Visits 24.1 (163) 19.4 (86) 32.9 (77) 13.5 [5.7 to 21.3] 0.0007*

Services 53.6 (363) 49.2 (218) 62.0(145) 12.8 [1.2 to 24.3] 0.031*
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type and hospital LOS both independently and significantly
predicted at least one NR visit even after controlling for other
factors (age, ethnicity, use of robotic approach, and history of
GERD). Ethnic group and history of GERD also independently
and significantly predicted at least one NR visit. Surgery type
and hospital LOS both independently predicted the use of at
least one service even after controlling for other factors in the
equation (gender, ethnicity, and use of robotic approach).

Discussion

The current study compared the number of non-routine
healthcare visits and services that were related to problems

arising from primary surgical procedures in 258 RYGB pa-
tients and 461 SG patients, from immediate post-surgery to
2 years following surgery at a single MBSAQIP accredited
surgical weight loss program. Notably, patients who
underwent RYGB experienced significantly higher rates
of non-routine events (visits to undergo medical evaluation
and treatment of bariatric surgery related problems, and
associated services) in the 24 months following surgery
than did those who underwent SG. Regarding non-routine
medical visits, 32.6% of the RYGB patients required at
least one such visit, compared to 18.4% of the SG patients.
When all such visits (including multiple visits made by
some patients) were counted, the RYGB visit rate was 2.1
times greater than that of the SG sample. This difference

Table 4 Visit rates and rates of services utilized during the 2 years following surgery. Rates are determined from counts as in Table 2

Visit or service All patients
n = 719

SG
n = 461

RYGB
n = 258

Rate difference,
confidence interval

p value

All visits 46.0 (331) 33.4 (154) 68.6 (177) 35.2
24.9 to 45.5

< 0.0001*

ED + admission 10.7 (77) 8.2 (38) 15.1 (39) 6.9
1.9 to 11.9

0.0069*

ED + discharge 11.4 (81) 7.6 (35) 17.8 (46) 10.2
5.1 to 15.4

0.0001*

Admission (no preceding ED visit) 4.3 (31) 3.5 (16) 5.8 (15) 2.3
0.8 to 5.5

0.1467

Outpatient 19.7 (142) 14.1 (65) 29.8 (77) 15.8
9.0 to 22.5

< 0.0001*

All services 91.5 (659) 75.3 (347) 120.9 (312) 45.7
31.1 to 60.3

< 0.0001*

Imaging
All imaging 60.6 (436) 55.5 (256) 69.8 (180) 14.2

2.4 to 26.1
0.0169*

Computed tomography 17.2 (124) 13.0 (60) 24.8 (64) 11.8
5.5 to 18.1

0.0003*

Ultrasound 5.8 (42) 6.1 (28) 5.4 (14) − 0.6
− 4.3 to + 3.0

0.7305

X-ray 36.5 (263) 36.0 (166) 37.6 (97) 1.6
− 7.6 to 10.8

0.7356

Magnetic resonance imaging 1.0 (7) 0.4 (2) 1.9 (5) 1.5
0.1 to 3.0

0.0499*

Surgical procedures
All surgical procedures related to bariatric surgery‡ 2.2 (16) 1.1 (5) 4.3 (11) 3.2

− 0.9 to 5.5
0.0061

Laparoscopic cholecystectomy 3.3 (24) 3.3 (15) 3.5 (9) 0.2
− 2.5 to 3.0

0.8688

Total 5.6 (40) 4.3 (20) 7.8 (20) 3.4
− 0.2 to 7.0

0.0627

Other
Endoscopy 14.9 (107) 7.2 (33) 28.7 (74) 21.5

15.7 to 27.4
< 0.0001*

Visit for rehydration 7.9 (56) 5.9 (27) 11.2 (29) 6.5
1.5 to 11.4

0.0103*

Red blood cell transfusion 1.4 (10) 0.7 (3) 2.7 (7) 5.4
1.1 to 9.6

0.0131*

Admission refers to a hospital admission

ED emergency department
‡ Surgical procedures for RYGB included the following: diagnostic laparoscopy for bowel obstruction (5), abdominal pain (3), bleeding (1), open gastric
bypass reversal (1), and laparoscopic transgastric ERCP (1). Surgical procedures for SG included the following: diagnostic laparoscopy for bleeding (3),
laparoscopic placement of jejunostomy tube (1), and laparoscopic reduction of intrathoracic stomach (1)

OBES SURG (2019) 29:1922–1931 1927



was driven by outpatient visits and ED visits, with or with-
out subsequent hospital admission. Collectively outpatient
visits and ED visits were twice as common after RYGB
compared to SG. Surgery type remained a significant

predictor of healthcare utilization even after controlling
for other factors; patients who had RYGB had significantly
higher odds of at least one NR visit and use of at least one
associated service relative to those who had SG.

Fig. 1 Timing of non-routine
visits made and services utilized
in designated intervals relative to
the surgery date following
primary RYGB and SG surgery.
Data are rates per 100 patients.
Error bars represent 95%
confidence intervals. a Non-
routine visits. b Healthcare
services utilized. RYGB Roux-
en-Y gastric bypass, SG sleeve
gastrectomy

1928 OBES SURG (2019) 29:1922–1931



With respect to medical services associated with the visits,
40.7% of RYGB patients received at least one non-routine
healthcare service in the 2 years following surgery compared
to 29.9% of the SG patients. Of particular interest is the use of
imaging. In the present study, RYGB patients used 25% more
imaging services than SG patients. These high usage rates cor-
respond to a recent study by Haddad et al. (2017) [18] who
reported 907 non-routine abdominal and pelvic imaging studies
in 578 RYGB and SG patients over a 5-year follow-up period
for a calculated 5 year rate of 157.9 per 100 patients. In the
present study, CT scans were used overall at a rate of 17.4 per
100 patients, with the rate being 1.88-fold greater in RYGB
compared to SG. This is not surprising, given that the abdom-
inal symptoms occur more often following RYGB vs. SG
(Table 2, see discussion below), and in light of the greater
frequency of surgical complications some of which are unique
to gastric bypass (internal hernia, bowel obstruction) [19]. The

Clinical Issues Committee of ASMBS in collaboration with the
American College of Emergency Physicians has created an
interactive online tool to assist ED physicians with bariatric
examination, assessment, and management [20]. Our results
support the use of this tool in RYGB cases and argue perhaps
for further research into its use and how it may inform a more
judicious use of CT for bariatric patients.

Our study revealed generally higher rates of various symp-
toms or complaints in RYGB patients. Abdominal pain was
the most common reason that patients sought medical care,
with 22% of RYGB patients compared to 11% of SG patients
reporting at least one sequel. Counting all instances of abdom-
inal symptoms, including multiple instances within unique
patients, the population rate of abdominal symptoms was
2.37 times higher in RYGB compared to SG. Similarly, dys-
phagia was 5.7 times more frequent, dehydration was 1.93
times more frequent, nausea was 2.49 times more frequent,

Table 5 Differences in demographics, processes, and comorbidities according to non-routine utilization of healthcare

Category Variable or factor Made at least one non-routine visit Received at least one non-routine service

Yes No p
value

Yes No p
value

Demographic Gender (N of women/total) 86.0% (145/169) 76.4% (420/550) 0.009 82.3% (200/243) 76.7% (420/476) 0.082

Age 46.3 (35.1–54.1) 45.6 (37.0–54.1) 0.149 47.1 (36.0–54.5) 45.1 (36.5–54.2) 0.969

Ethnicity

Caucasian 56.2% (95/168) 69.2% (376/543) 0.005 62.2% (150/241) 68.3% (321/470)

African-American 17.8% (30/168) 14.9% (81/543) 16.2% (39/241) 15.3% (72/470) 0.189

Latino 26.0% (44/168) 15.8% (86/543) 21.6% (52/241) 16.4% (77/470)

Height (inches) 64 (62–66) 65 (63–67) 0.031 64 (62–67) 65 (63–67) 0.014

Weight, pre 259 (231–296) 265 (233–297) 0.406 259 (229–293) 267 (236–298) 0.167

BMI 43.0 (40.0–49.1) 43.4 (39.4–48.4) 0.638 43.1 (40.0–48.0) 43.4 (39.4–48.6) 0.997

Process Robotic surgery 25.4% (43/169) 15.7% (86/550) 0.004 20.6% (50/243) 16.6% (79/476) 0.188

Length of stay > 2 days 24.6% (42/169) 17.1% (94/550) 0.024 32.1% (78/243) 12.2% (58/476) 0.000

LOS in days 2.0 (2.0–2.5) 2.0 (2.0–2.0) 0.005 2.0 (2.0–3.0) 2.0 (2.0–2.0) 0.000

Comorbidity or
health
status–related

ASA score 3 (2–3) 3 (2–3) 0.304 3 (2–3) 3 (2–3) 0.541

Mobility device required 1.2% (2/169) 4.6% (11/550) 0.486 2.1% (4/243) 1.9% (9/476) 0.816

Diabetes present 28.4% (48/169) 31.5% (173/550) 0.452 26.2% (78/243) 30.0% (143/476) 0.572

Diabetes severity

No diabetes 71.6% (121/169) 68.5% (377/550) 0.567 67.9% (165/243) 70.0% (333/476) 0.633
Diabetes treated with oral

med
16.0% (27/169) 19.6% (108/550) 18.5% (45/243) 18.9% (90/476)

Diabetes treated with insulin 12.4% (21/169) 11.8% (65/550) 13.6% (33/243) 10.9% (53/476)

Gastroesophageal reflux
disease

40.2% (68/169) 31.3% (172/550) 0.031 36.2% (88/243) 31.9% (152/476) 0.250

Hypertension 43.8% (74/169) 48.0% (264/550) 0.337 47.3% (114/243) 47.1% (224/476) 0.971

Hyperlipidemia 26.0% (44/169) 28.9% (159/550) 0.468 30.0% (73/243) 27.7% (130/476) 0.442

Chronic obstructive
pulmonary disease

0.6% (1/169) 0.9% (5/550) 0.692 0.8% (2/243) 0.8% (4/476) 0.981

Sleep apnea 52.1% (88/169) 54.0% (297/550) 0.660 54.7% (133/243) 51.9% (252/476) 0.649

Smoking 7.7% (13/169) 9.6% (53/550) 0.444 8.2% (20/243) 9.7% (46/476) 0.529

Data are percentages calculated from (counts), or medians (25th–75th percentile). Italicized p values indicate significant difference (p < 0.20) between
groups; these variables were included in logistic regression
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and vomiting was 3.30 times more frequent in RYGB vs. SG.
These results are not unexpected in light of the reports of
higher complication rates in RYGB vs. SG [11]. Only gastro-
esophageal reflux occurred at a higher rate in SG (3.3 per 100)
compared to RYGB (0.8 per 100).

Timing RYGB patients had higher rates of non-routine visits
and services throughout the 2-year span. For bypass patients,
the significantly greater rate of visits and services provided
within 6 months of surgery is not surprising in view of the
higher rate of surgical complications reported with RYGB
surgery during this timeframe [11]. The NR visit and service
rates in Fig. 1 were calculated using the full quota of patients
who originally underwent surgery as the denominator, not the
subset of patients that was available at any given time for
follow-up (an unknown number). Although patient follow-
up was less than 100% for both groups, the rates at one and
2-year follow-up did not differ. Therefore, we believe the
comparisons that show large differences between groups in
visits and services 1 to 6 months post-surgery and also the
differences noted, thereafter, are valid.

Limitations The present study had several limitations. (1) This
was not a randomized design; however, we do not feel that bias
due to surgeon preference was a problem. Surgeries were per-
formed in numbers that did not differ by surgeon, and post-
operatively, the surgeons followed standard, established institu-
tional clinical pathways to evaluate patient complaints post-

intervention. Post-operative complaints were handled by either
of the surgeonswho cross-cover each other’s cases and routinely
consult each other on the management of these complaints. (2)
While we were able to access data from within our healthcare
system and we were also able to access data from some external
facilities, we were not able to access data from every patient’s
visit to every external healthcare facility. Thus, we cannot be
certain that we have captured all instances of NR healthcare
utilization for this sample. (3) The collection of data at single
site limits the generalizability of the results to other sites. (4)
Despite the best efforts of staff to contact patients to schedule
follow-up visits, about 23% of the patients were lost to follow-
up at 1 year and 47% at 2 years, based on the presence of a body
weight in the patients’ medical records. Thus, the rates per pa-
tient reported for unscheduled visits and diagnostic imaging
tests represent estimates calculated using the pre-surgery sample
sizes as the denominator. (5) Our tracking of healthcare services
and visits stopped at 2 years post-surgery. Further research
should track healthcare utilization over a longer time period to
determine whether RYGB patients require non-routine services
for a longer period post-surgery relative to SG patients.

Conclusion

This study provides insight into the differential burdens placed
on the healthcare system after the two most common bariatric
procedures indicating that healthcare systems, and providers

Table 6 Results of multivariate logistic regression predicting non-routine healthcare utilization

Dependent variable Factor (reference group) Odds ratio 95% CI for OR p value

Made at least one non-routine visit RYGB surgery (sleeve gastrectomy) 1.95 1.24–3.09 0.004*

Extended length of stay (within 2 days) 1.55 1.00–2.40 0.050*

History of GERD (no history) 1.46 1.01–2.17 0.046*

Female (male) 1.45 0.78–2.71 0.240

Ethnicity (Caucasian) 0.067

African-American 1.39 0.85–2.28 0.193

Latino 1.68 1.06–2.68 0.028*

Robotic procedure (laparoscopic) 1.18 0.69–2.02 0.648

Age (continuous—per year) 0.99 0.97–1.01 0.219

Height (continuous—per inch) 0.98 0.91–1.04 0.976

Used at least one non-routine service Extended length of stay (within 2 days) 3.39 2.27–5.06 < 0.001*

RYGB surgery (sleeve gastrectomy) 1.86 1.22–2.86 0.004*

Ethnicity (Caucasian) 0.560

African-American 1.06 0.67–1.67 0.814

Latino 1.26 0.83–1.93 0.282

Pre-surgical weight (continuous—per lb.) 1.00 0.99–1.002 0.277

Height (continuous—per inch) 0.98 0.91–1.04 0.454

Robotic procedure (laparoscopic) 0.95 0.57–1.60 0.854

Female (male) 0.93 0.55–1.58 0.797

Data corresponding to the surgery type is italicized for emphasis
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should be prepared to provide non-routine services to bariatric
patients within the first 2 years after surgery.
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