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Abstract

Introduction: The risk of urolithiasis post-Roux-en-Y gastric bypass
(RYGB) surgery is higher when compared to the general population.
Calcium and vitamin D supplementation is routinely prescribed to
these patients, yet compliance with these supplements is unknown.
The aim of this study was to assess the incidence of symptomatic
de novo urolithiasis post-RYGB and compliance with calcium and
vitamin D supplementation.

Methods: A standardized telephone questionnaire was adminis-
tered to patients who underwent RYGB between 1996 and 2011.
Personal and medical histories were obtained with emphasis on
episodes of symptomatic urolithiasis and calcium and vitamin D
supplementation.

Results: The response rate was 48% with 478 patients completing
the telephone questionnaire. After a mean follow-up of 7.0 years
(range: 1-15), the incidence of post-RYGB symptomatic urolithiasis
was 7.3%, while the rate of de novo symptomatic urolithiasis was
5%. The overall median time to present with symptomatic uroli-
thiasis was 3.1 years, with 3.3 years for de novo stone-formers,
and 2.0 years for recurrent stone-formers (p = 0.38). In de novo
stone-formers, 33% presented with symptomatic urolithiasis 4 to
14 years postoperatively. Compliance with calcium and vitamin
D supplementation was 56% and 51%, respectively.
Conclusions: Despite recall bias and lack of confirmatory imaging
studies, a high postoperative incidence of symptomatic urolithiasis
was found in a large sample of post-RYGB patients. A third of patients
with de novo stones, presented with symptomatic urolithiasis 4 to
14 years postoperatively. Compliance with postoperative calcium
and vitamin D supplementation was poor and needs improvement.

Introduction

Bariatric surgery has been experiencing a steep rise in
popularity as a treatment for severe obesity. The National
Institutes of Health recommends this intervention for patients

with a body mass index (BMI) of at least 40, or 35 with
severe comorbidities, such as diabetes mellitus. These pro-
cedures are highly effective leading to considerable weight
loss and decreased morbidity and mortality.™ Considering
the number of patients undergoing these procedures has
increased, developing a thorough understanding of the asso-
ciated risks is critical.

Recent studies have reported an elevated risk of kidney
stone formation in patients who have undergone Roux-en-Y
gastric bypass surgery (RYGB), but not restrictive procedures,
such as sleeve gastrectomy or adjustable gastric banding.*®
RYGB increases urinary oxalate excretion and decreases uri-
nary citrate, conditions commonly associated with the devel-
opment of calcium oxalate stones.” Indeed, calcium oxalate
stones comprise 75% to 80% of all stones in RYGB patients,
implicating hyperoxaluria in the pathogenesis of urolithiasis.
For this reason, calcium and vitamin D supplementation are
routinely prescribed post-RYGB to reduce oxalate absorption
from the gastrointestinal tract. However, patient compliance
with these supplements remains unknown.

While several studies have examined urinary param-
eters postoperatively, few have assessed the incidence of
stone formation post-RYGB.” The first large scale study
was conducted by Matlaga and colleagues. They exam-
ined urolithiasis within the first 4 years following RYGB
surgery.* Compared to obese patients not undergoing bar-
jatric surgery, RYGB patients had a 1.7-fold risk of expe-
riencing urolithiasis postoperatively.* However, the time
intervals at which RYGB patients develop kidney stones
post-RYGB remain unknown. The incidence of 7.65% as
determined by Matlaga and colleagues could be a consider-
able underestimation if a substantial portion of post-RYGB
stone-formers experience urolithiasis past this 4-year time
frame. Therefore, in this study we assessed the long-term
incidence of symptomatic urolithiasis post-RYGB, the timing
of post-RYGB symptomatic urolithiasis, and compliance of
these patients with calcium and vitamin D supplementation.
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Prior to the start of this study, approval was obtained from
the Research Ethics Board of the McGill University Health
Centre (MUHC) (#11-627-SDR). We contacted consecu-
tive patients who had undergone RYGB between 1996 and
2011 at the MUHC (either laparoscopic or open) with 2
fellowship-trained bariatric surgeons (NVC, OC). All patients
were contacted by telephone up to 3 times to complete a
standardized telephone questionnaire (Appendix A). Since
the MUHC is a tertiary bariatric referral centre, patients
were referred from different regions for their bariatric sur-
gery. Furthermore, patients changed residency during the
postoperative period of 15 years. Out of the 1000 patients
contacted, a total of 478 patients completed the telephone
questionnaire, for a response rate of 48%. No patients were
excluded from the study (Table 1).

The telephone questionnaire assessed current health sta-
tus, medical history and the use of medications that included
calcium and vitamin D supplementation (Appendix A). For
patients who developed symptomatic urolithiasis following
RYGB, time to presentation with de novo or recurrence of
symptomatic urolithiasis were recorded. Confirmation of
stone disease using chart reviews or imaging studies was
not possible since patients were not routinely screened or
followed with imaging studies. Therefore, it was not pos-
sible to know for sure if they were stone-free at the time
of RYGB.

Data were entered and analyzed with Statistical Package
of Social Sciences version 17 (IBM Corporation, Armon,
NY). Categorical variables were represented as frequencies
and percentages. Associations between symptomatic uro-
lithiasis and demographic variables or calcium and vita-
min D supplementation were tested using Chi-square tests.
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Fig. 1. Kaplan-Meier curve plotting time to presentation with symptomatic
urolithiasis in de novo and recurrent stone-formers post-RYGB.

Symptomatic urolithiasis post-bariatric surgery

Table 1. Patient demographics and descriptive variables

Total no. patients 478

Time to follow-up (years) (mean = SD) 7.0x4.2
Male (%) : Female (%) 25.7:74.3
Age at RYGB surgery (years) (median; range) 41 (18 - 70)
BMI before surgery (kg/m?) (median; range) 51 (31-103)
Lowest BMI after surgery (kg/m?) (median; 28 (17-67)
range)
BMI at follow-up (kg/m?) (median; range) 32 (17-69)
Smoking status (%):
Current 22.6
Former 29.9
Never 47.5
Calcium supplementation (%) 56.2

Daily calcium dose (mg) (median; range) 200 (0-3200)
Vitamin D supplementation (%) 51.2

Daily vitamin D dose (IU) (median; range) 0 (0-20 000)

SD: standard deviation; RYGB: Roux-en-Y gastric bypass surgery; BMI: body mass index.

Vitamin D and calcium doses were compared using one-way
ANOVAs. Statistical significance was determined at p < 0.05
with two-tailed testing. Kaplan-Meier curves were generated
using MedCalc version 12.7.7 (MedCalc Software, Ostend,
Belgium).

Results

A total of 478 patients completed the telephone question-
naire with a mean follow-up of 7.0 years (range: 0-15) post-
RYGB surgery (Table 1). Just over 56% and 51% of patients
questioned were compliant with their calcium and vita-
min D supplementation, respectively. Overall, 68 (14.2%)
patients reported a history of symptomatic urolithiasis. Of
these patients, 33 reported symptomatic stones only preop-
eratively, 25 presented with symptomatic stones de novo
post-RYGB, and 10 patients had symptomatic stones both
before and after RYGB surgery. Therefore, the rate of post-
RYGB de novo symptomatic urolithiasis was 5%, and the
rate of overall post-RYGB symptomatic urolithiasis was 7.3%
with a median time to presentation of 3.1 years following
RYGB surgery.

In de novo stone-formers, 33% of patients developed
symptomatic urolithiasis within 1 year of surgery, 33%
became symptomatic within 4 years, and the remaining 33%
experienced symptomatic urolithiasis 4 to 14 years postop-
eratively (Fig. 1). Of the 10 patients who had recurrence of
symptomatic urolithiasis post-RYGB, 88% presented in the
first 4 years following surgery, compared with 66% in the
de novo group. The median time to presentation with symp-
tomatic urolithiasis in de novo stone-formers was 3.3 years
versus 2.0 years in recurrent stone-formers (p=0.38) (Fig. 1).

To examine whether calcium and vitamin D supplemen-
tation had any preventative role in post-RYGB symptomatic
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urolithiasis, we compared all postoperative symptomatic
stone-formers with patients who had no such prior history.
Vitamin D and calcium supplementation, as well as their
respective dosages, did not differ significantly between these
2 groups of patients (Table 2). Additionally, no statistically
significant associations were found between supplementa-
tion and symptomatic urolithiasis when only de novo stone-
formers were examined (Table 3). Of note, the mean follow-
up time was significantly longer in de novo stone-formers,
reaching 8.7 + 3.7 years compared with 6.9 + 4.2 years in
those who had no prior history of symptomatic urolithiasis
(p = 0.04).

Discussion

In accordance with studies that investigated both the inci-
dence of urolithiasis and its risk factors, the incidence of
symptomatic urolithiasis post-RYGB was 7.3% after a mean
follow-up of 7.0 years. Interestingly, a third of de novo
symptomatic stones were reported in the first year follow-
ing surgery, while another third presented 4 to 14 years
postoperatively. The median time to symptomatic stone
presentation was 3.1 years. Compliance with calcium and
vitamin D was 56 and 51%, respectively, without any sig-
nificant associations between supplementation and symp-
tomatic urolithiasis.

In this study, 7.3% of patients presented with symptomat-
ic urolithiasis post-RYGB after a follow-up time that spanned
15 years. This is in concordance with the incidence rate of
7.65% reported by Matlaga and colleagues.* These results
demonstrate an increase in lifetime risk of stone formation
when compared with the estimated prevalence of 5.2% in
the general American population.' Furthermore, the pres-
ent study found that 5% of RYGB patients developed de
novo symptomatic stones postoperatively. This is slightly
higher than the 3.2% reported by Durani and colleagues
over a shorter 7-year period."" As the follow-up time in de
novo stone-formers was significantly longer than in patients
without any history of symptomatic urolithiasis (8.7 + 3.7
vs. 6.9 + 4.2 years; p = 0.04), the 5% rate of de novo symp-
tomatic urolithiasis may be an underestimate. Since a third
of de novo symptomatic stones presented beyond 4 years
post-RYGB, these patients remain predisposed to kidney
stone formation for many years following RYGB surgery.

Interestingly, a third of reported stones occurred in the
first year following RYGB-surgery in both de novo and recur-
rent stone-formers. Although these patients claimed to have
not been symptomatic at the time of surgery, the presence of
occult stones cannot be ruled out without appropriate preop-
erative imaging studies. Small stones present at the time of
bariatric surgery may have quickly grown in size secondary
to the favourable conditions induced by increased oxalate
absorption, decreased urine output, and sudden weight loss.

Table 2. Calcium and vitamin D supplementation in post-
RYGB symptomatic stone-formers vs. non-stone-formers

. Non-
Symptomatic
stone- p value
stone-formers
formers
No. patients 35 410
Time to follow-up
] 7.9+3.6 6.9 +4.2 0.17
. 9 (25.7%) : 26 .

Male : Female (74.3 %) 102 : 308 0.91
Age at RYGB
surgery (years) 42 (19-62) 39 (18-67) 0.39
(median; range)
BMI before surgery
(kg/m?) (median; 52 (38-104) 51 (35-98) 0.37
range)
Lowest BMI after
surgery (kg/m?) 29 (20-44) 27 (17-67) 0.27
(median; range)
BMI at follow-up
(kg/m?) (median; 32 (20-49) 32 (17-69) 0.2
range)
Calcium 20(57.1%)  223(54.4%)  0.73
supplementation

Daily calcium

dose (mg) 200 (0-1500) 0 (0-2283) 0.98

(median; range)
VitaminD 18 (51.4%) 204 (49.9%) 097
supplementation

Daily vitamin D

dose (IU) (median; 400 (0-2000) o(g((;jo 0.11

range)
SD: standard deviation; RYGB: Roux-en-Y gastric bypass surgery; BMI: body mass index.

The first year postoperatively, therefore, carries the highest
risk of symptomatic urolithiasis for both recurrent and de
novo stone-formers.

The mechanism of urolithiasis is believed to partially stem
from the malabsorptive consequences of RYGB surgery. Due
to a reduced capacity to absorb fat, calcium is saponified
leaving oxalate unbound in the gastrointestinal tract. This
leads to increased oxalate delivery to the colon where it is
absorbed, while calcium is excreted along with the fat.'> As
oxalate cannot be metabolized, these larger quantities of
oxalate are cleared unaltered by the kidneys thereby increas-
ing urinary concentrations. Indeed, 47% of RYGB patients
manifest hyperoxaluria compared to just 10.5% in obese
controls, predisposing this population to the development
of calcium oxalate type stones.'

Calcium and vitamin D supplementation are routinely
prescribed post-RYGB to prevent urolithiasis by decreas-
ing oxalate absorption from the digestive tract. However,
previous studies have shown that compliance with nutri-
tional supplementation and vitamin D is only 33 and 27%,
respectively.''> In the study presented, calcium and vita-
min D compliance was appreciably higher than these previ-
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Table 3. Calcium and vitamin D supplementation in de
novo post-RYGB symptomatic stone-formers vs. non-stone-
formers

De novo Non-
symptomatic stone- p value
stone-formers formers

No. patients 25 410
e 87 %37 6.9+ 4.2 0.04
(years) (mean = SD)
102 (24.9%)
0, .
Male : Female g (2(‘71;:,/)) 2 : 308 0.92
° (75.1%)

Age at RYGB
surgery (years) 41 (19-61) 39 (18-67) 0.73
(median; range)
BMI before surgery
(kg/m?) (median; 52 (40-73) 51 (35-98) 0.39
range)
Lowest BMI after
surgery (kg/m?) 30 (22-44) 27 (17-67) 0.23
(median; range)
BMI at follow-up
(kg/m?) (median; 33 (18-49) 32 (17-69) 0.22
range)
Gl 10 (40%) 223 (55.8%) 0.18
supplementation

Daily calcium

dose (mg) 0 (0-1500) 0 (0-2283) 0.29

(median; range)
Vsl el 12 (48%) 204 (51.1%)  0.76
supplementation

Daily vitamin D

dose (IU) (median; 0 (0-1000) 0 (()gafo 0.41

range)

SD: standard deviation; RYGB: Roux-en-Y gastric bypass surgery; BMI: body mass index.

ous estimates, and it remained comparable when patients
were separated into de novo and recurrent stone-formers.
Although compliance in this study was appreciably higher
than previously described, it remains low. Improving com-
pliance with calcium and vitamin D supplements in this
population may help characterize their preventive role more
accurately in future studies.

No associations, be they protective or predisposing, were
found between calcium and/or vitamin D supplementation
and symptomatic urolithiasis. Due to the self-reported nature
of our data, inaccurate reporting by patients may have dis-
torted an effect if one were present. Furthermore, low com-
pliance may have further diluted any preventive role. Future
studies would ideally be prospective in nature, improving
accuracy in the calculation of stone incidence. These studies
would also include measurements of urinary stone parameters
to correlate supplementation with the development of urinary
conditions that increase stone risk. In addition, imaging stud-
ies need to be performed prior to RYGB surgery to exclude
patients who already have asymptomatic urolithiasis.

Symptomatic urolithiasis post-bariatric surgery

Several limitations to the current study should be men-
tioned. Firstly, data were predominantly collected via self-
reporting; imaging studies or stone analyses were not avail-
able for corroboration. This raises the possibility of recall
bias in recounting both supplement dosing regimens and
episodes of symptomatic urolithiasis. Secondly, low compli-
ance, irregular dosing and inappropriate timing of doses (e.g.,
between meals) may have masked any preventive effects con-
ferred by calcium and vitamin D supplementation. Thirdly,
roughly half of the total number of patients in this study could
not be reached to complete the questionnaire, reducing the
generalizability of the findings and possibly underestimating
the incidence of symptomatic urolithiasis. Nevertheless, the
present study is unique in that a large population of RYGB
patients (n = 478) was contacted with a relatively long follow-
up time spanning 15 years. This feature provided a rare and
interesting window of time to assess the long-term risk of
symptomatic urolithiasis post-RYGB.

Conclusion

A high postoperative incidence of symptomatic urolithiasis
was found in a telephone survey of a large sample of post-
RYGB patients. Interestingly, while a third of patients with
de novo symptomatic urolithiasis presented during the first
year following RYGB, another third presented between 4
and 14 years postoperatively. Compliance with routinely
prescribed calcium and vitamin D supplementation was low
and needs improvement. Clinicians need to be aware of
these findings and account for the elevated and protracted
risk of urolithiasis when caring for these patients.
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Appendix A: McGill University Health Centre Bariatric Questionnaire

Name:

RVH Unit No:

Health Insurance No:

(If contact details have changed)
Address:

New phone numbers:

E-mail address:

Today’s Date:

Today’s Weight: (kg or lbs)

Are you satisfied with your weight loss so far? YES___  NO___

Do you want to lose more weight? YES___  NO___

Since the surgery, have you used any weight loss products? YES___  NO___
If YES, please specify the products you used:

Have you participated in any support group programs? YES___  NO__
If YES, how many sessions have you been to?

Did you participate in the pre-operative information meetings? YES_ _  NO___
If YES, were these information sessions useful? YES___  NO___

Do you currently have a general practitioner who follows you regularly? YES___  NO___

Did you suffer from persistent vomiting in the first 12 weeks after your operation? YES___ NO__

Do you suffer from persistent vomiting now? YES___  NO___

The following best describes your diet:
__You eat what you want without any problem
__There are some foods that you can't eat or tolerate
__There are many foods that you can’t eat or tolerate
__ltis difficult to eat
__The whole situation involving eating is difficult
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Appendix A (cont’d)

For questions 1-6 use the VAS line 1 to 10:
Compared to before your surgery, your appetite has actually:

Decr.: 1 2 3 4 5 6 7 8 9 10: Incr

Presently, the quantity of meat you are eating is:

Low: 1 2 3 4 5 6 7 8 9 10: High

Presently, the quantity of fruits and vegetables you are eating is:

Low: 1 2 3 4 5 6 7 8 9 10: High

Presently, the quantity of sugar you are eating is:

Low: 1 2 3 4 5 6 7 8 9 10: High

Presently, the quantity of soft drinks you are consuming is:

Low: 1 2 3 4 5 6 7 8 9 10: High

Presently, the quantity of milk products you are consuming is:

Low: 1 2 3 4 5 6 7 8 9 10: High
Since this surgery for “obesity” have you been hospitalized? YES___  NO___

If YES specify main reason why for each time:

Acute gastric dilatation Esophagitis / Barrett's Esophagus Protein or other nutritional deficiency

Acute renal failure Gallstones Psychosis

Anemia (late) Gastro-gastric fistula Pulmonary edema

Anastomosis / marginal ulcer ____ Gl bleeding ____ Respiratory insufficiency .
Band erosion ____ Hairloss ____ Severelleus .
Bowel Obstruction ___ Hepatic failure ____ Severe protein deficiency or .
nutritional problems

Broken bones ____ Kidney stones ____ Spleen injury .
Bulimia/Anorexia Nervosa ____ Leak after GB ____ Stomal outlet stenosis .
CHF ____ Myocardial infarction ___uTi .
Cirrhosis ___ New acid reflux giving you heartburn ____ Vitamin, mineral deficiency .
CVA __ Peptic/Gastric Ulcer ____ Volvulus/Closed loop syndrome

Depression/Confusion after operation Persistent vomiting/nausea Wound infection (minor)

DVT Pneumonia Wound infection (major/causing
dehiscence)

Did you require another bariatric surgery after your original obesity operation? YES___ NO
If YES and you know the reason explain:

Medication use Pre/Post Surgery:

Now Taking

Taking Pre-op Less Same More

Arthritis

Blood Pressure

Diabetes

Heart

High Lipids

Calcium (dose/day)

Vitamin D (dose/day)
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Appendix A (cont’d)

Co-Morbidity outcome Pre/Post-op:

Post-Op Results

Present Pre-Op Worse Same Better

Acid reflux

Asthma

Clots in the legs or the lungs

Diabetes Mellitus (Type 2)

Do your hips hurt?

Do your knees hurt?

Frequent colds

Frequent ear infections

Hay Fever

Heart disease or heart attack

High Blood Pressure

High cholesterol/lipids

Kidney Disease

Kidney Stones

Liver Disease (cirrhosis, NASH, etc)

Low back, hip, knee, feet etc pain

Skin irritation or dermatitis

Sleep Apnea (with or without machine)

Stomach Ulcers

Stress incontinence

Stroke

Thyroid Disease

Kidney stones:

Date Post-op:

Stone number:

Number of episodes:

Location of stone:
Side:

Size:

Treatment:
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