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Abstract

Since the first report in 2005, Roux-en-Y gastric bypass (RYGB) surgery has been linked to a 

variety of metabolic changes that alter kidney stone risk. The studies with the highest level of 

evidence, performed in non-stone forming patients before and after RYGB, cite a number of 

kidney stone risk factors, including a 25% increase in urinary oxalate, a 30% decrease in urinary 

citrate, and reduction in urine volume by half a liter. In addition to these, recent clinical and 

experimental studies have contributed to our understanding of the pathophysiology of stone 

disease in this unique population. This review summarizes the current RYGB urinary chemistry 

profiles and epidemiological studies, outlines known and theoretical mechanisms of hyperoxaluria 

and hypocitrituria, and provides some standard recommendations for reducing stone risk in RYGB 

stone formers as well as some novel ones, including correction of metabolic acidosis and use of 

probiotics.
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Introduction

Obesity in the US is an overwhelming clinical problem, with recent estimates suggesting 

over a third of American adults are obese with a body mass index (BMI) >30 kg/m2, 

including more than 15 million who are considered morbidly obese (BMI >40 kg/m2) (1–3). 

Most medical weight loss results are either temporary or completely ineffective. Bariatric 

surgery, in particular, Roux-en-Y gastric bypass (RYGB), has proven to be the only 

effective, long-term weight reduction treatment option, curing diabetes and hypertension and 

lowering both cardiovascular and overall mortality in this population (4,5). These successes 

have led to a 6-fold increase in bariatric surgery over the last 10 years (36,700 procedures in 
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2000 rising to 220,000 procedures in 2009) with estimates that over 1.5 million Americans 

now have bypassed intestinal tracts (4,6).

In 2005, Nelson et al. first described the renal complications of hyperoxaluria, calcium 

oxalate stones, and oxalate nephropathy in a select group of patients following RYGB (7). 

Since that report, a number of publications have examined the risk factors that may 

predispose RYGB patients to form kidney stones. This review summarizes urinary 

chemistry profiles and kidney stone incidence in both stone-forming and non-stone forming 

patients after RYGB. Additionally, recently published clinical and experimental literature 

focusing on pathophysiology of stone risk will be reviewed along with recommendations 

that may reduce stone risk in stone-forming RYGB patients.

Types of bariatric surgery

Although this review will focus on outcomes following RYGB, several authors use patients 

with other types of bariatric surgery as control groups. Therefore, a focused review of 

different types of weight-loss surgery is appropriate. There are three general ways to lose 

weight through bariatric surgery: (I) restrict the amount of food that can be ingested 

(“restrictive procedure”); (II) decrease the amount of intestine available for nutrient 

absorption (“malabsorptive procedure”); or (III) combine both restrictive and malabsorptive 

procedures. The mostcommonly used restrictive procedures are the adjustable gastric band 

(GB) and the vertical sleeve gastrectomy. As there have been no comparisons of sleeve 

gastrectomy to RYGB in regards to stone risk, sleeve gastrectomy will only be discussed in 

the context of biliopancreatic diversion (BPD). The laparoscopic GB procedure, commonly 

referred to as “lap band,” involves placing an inflatable silicon band around the upper 

portion of the stomach to create a small pouch (Figure 1A). The band is attached to a 

subcutaneous saline reservoir which can be adjusted by percutaneous injection, depending 

on tolerability and the amount of satiety the bariatric surgeon wants to create. Long-term 

weight loss for this procedure is patient- and surgeon-dependent but is considered to be 

traditionally less (~10% total body weight) than a malabsorptive procedure (25–30% total 

body weight) (5).

Modern malabsorptive procedures have evolved since the 1950’s to include both a 

restrictive and a malabsorptive component. BPD with duodenal switch involves surgical 

excision of ~70% of the lateral stomach, creating a long narrow tubular gastric remnant 

(sleeve gastrectomy). The distal small bowel is then divided 250 cm proximal to the 

ileocecal valve, and the duodenum is transected. This distal ileal limb is anastomosed 2 cm 

distal to the pylorus while the biliary-pancreatic limb is reanastomosed ~100 cm proximal to 

the ileocecal valve (Figure 1B). Similarly, RYGB combines the principles of restrictive and 

malabsorptive procedures. Unlike BPD, the lesser curvature of the stomach is stapled, 

creating a 20–30 mL pouch for RYGB (Figure 1C). The jejunum is then transected 60–70 

cm distal to the ligament of Treitz, and the portion distal to this is sewn to the small stomach 

pouch. The transected jejunum is then anastomosed anywhere from 80–120 cm down the 

jejunum, creating two limbs in the shape of a “Y” that effectively separate ingested food 

until they meet at a distal jejunal common channel (8,9). Total length of these limbs 
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ultimately affects outcomes, with shorter common channel (very long or very very long 

Roux limb) portending higher malabsorption and weight loss.

Changes in urinary chemistry after RYGB

Over the last ten years, a variety of reports have linked RYGB to metabolic changes that 

alter the urinary milieu and kidney stone risk. Table 1 summarizes the studies that contain 

nine or more patients and report urine chemistry profiles before and/or after RYGB 

procedure. Of the studies reported, 8/13 contain retrospective components with highly 

variable inclusion criteria, use of controls, timing of 24-hour urine collection, non-

standardized diets or dietary supplements, and methodological quality. Some studies include 

bariatric non-stone formers, bariatric stone formers both pre- and post-op, or bariatric 

patients who develop stones de novo post-op. Despite these limitations, a review of these 

studies gives the practicing urologist a broad sense of urinary changes that may be seen with 

each procedure.

Neslon et al. [2005] first proposed the link between hyperoxaluria and stone risk in a group 

of 23 patients who developed either calcium oxalate stones (n=21) or oxalate nephropathy 

(n=2) following RYGB, sparking a flurry of research in post-operative urinary changes after 

bariatric surgery (7). Park et al. [2009] described in a prospective, longitudinal study (n=45) 

significant increases in urinary oxalate excretion, calcium oxalate supersaturations (CaOx 

SS), and decreases in urinary citrate, calcium, and total urine volume after RYGB when 

compared to preoperative urine samples (10). Although there were no symptomatic stone 

events after a mean of 9.6 study months, they contended that chronic acidosis in these 

patient may lead to decreases in urinary citrate (a known stone inhibitor), further increasing 

stone risk in addition to hyperoxaluria (10). Similarly, Duffey et al. [2010] described a 

doubling of urinary oxalate excretion and significant decreases in urinary citrate excretion in 

a two-year, prospective study in RYGB non-stone forming patients (11). Furthermore, their 

study importantly showed that risk of post-operative hyperoxaluria appears to increase over 

time, not decrease or remain stable (11).

Recently, three groups have described the temporal course of CaOx SS in the early post-

operative period after RYGB. Wu et al. [2013] noted urinary changes 6 months after RYGB 

(n=38) from those baseline, including significant increases in urinary oxalate excretion, 

calcium, and CaOx SS and decreases in total urine volume (13). The lack of hypocitrituria 

and presence of hypercalciuria in this cohort, compared to previous studies, was felt to be 

due to increased utilization of CaOx SS in their patients post-operatively (13). Agrawal et al. 

[2013] evaluated 24-hour urine in 13 patients before and at time points 1, 2, 4, and 6 months 

after RYGB (14). Using a variety of standardized in-house assays and one private hospital-

based laboratory, they noted a doubling of urinary oxalate starting at month 2 through month 

6 (P=0.005), a 40% reduction in urinary citrate at month 6 (P=0.4), and 30–60% reduction in 

urinary volume (P<0.001) that started in the immediate post-operative month (14). Last, 

Valezi et al. [2013] studied the pre- to post-operative changes in urinary metabolites in 151 

patients after RYGB, 16 of which had history of a priori stone disease (15). At one year, 

urinary oxalate levels increased 37% (mean 24 to 41 mg/day, P<0.001) while decreased in 

both urine citrate (36%; mean 268 to 170 mg/day, P<0.001) and urine volume (29%; 1.3 to 
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0.9 liters/day, P<0.001) were noted. Unlike Duffey et al. who found that increasing age was 

a predictor for post-operative hyperoxaluria (11), this group found that presence of pre-

operative stones was the only predictor of hyperoxaluria (15). Overall, across all three 

studies, RYGB increased CaOx SS 3–4 fold compared to patients’ baseline studies with 

almost 80% of all patients having with CaOx SS >2 (considered high).

Interventional diet or dietary supplement studies in the post-bariatric surgery setting have 

also provided insights into the mechanisms involved in recurrent stone disease. Pang et al. 

[2012] looked at the effect changing diet in a small number of recurrent stone formers who 

were, on average, 11 years out from RYGB (n=6), jejunoileal bypass (JIB) (n=2) or BPD 

(n=1) (22). The authors performed 24-hour urine on these patients on baseline diets and then 

placed them on a metabolic diet consisting of 1,000 mg calcium, reduced oxalate (70–80 

mg), 20% protein, <25% fat, and 3,000 mg sodium diet. They found that, although urine 

oxalate levels remained high, the metabolic diet positively affected urinary CaOx SS by 

increasing urine volume and raising urine pH and urinary citrate (22). Although not 

supported by their data, the authors also recommended additional strategies, such as oral 

calcium supplements, oxalate binders, and lower fat meals to reduce future stone risk.

These recommendations were further investigated by Froeder et al. [2012], who observed 

similar decreases in urine citrate and total urinary volume in RYGB and BPD patients 

compared to morbidly obese controls (19). Interesting, they found that bariatric patients had 

similar rates of hyperoxaluria (13–20%) compared to controls at baseline. However, when 

group of patients (n=43) were given a 375 mg oxalate load (spinach juice), bariatric patients 

had a two-fold elevation in urinary oxalate at all urine time-points compared to controls, 

suggesting that excessive oxalate absorption was occurring (19). The authors went on to test 

a subset of these patients (n=21) for Oxalobacter formigines (a commensal pathogen in the 

GI tract that uses oxalate as an energy source) colonization and found no difference in rates, 

again suggesting that the differences in hyperoxaluria between these two populations was 

due to oxalate over-absorption, not lack of bacterial consumption. Lastly, Sakhaee and 

colleagues published two recent 2-phase, placebo crossover studies evaluating the short-term 

effect of effervescent potassium citrate and calcium citrate (40 meq potassium, 800 mg 

calcium, 100 meq citrate/day) in 24 patients at a mean 4.7 years after RYGB (23) and in 15 

patients at a mean 4.2 years after RYGB (24). From a bone standpoint, the more soluble 

delivery of calcium lowered markers of bone resorption but had no effect on serum 

parathyroid hormone (23). The potassium and citrate raised urine pH and lowered calcium 

oxalate agglomeration by direct crystal testing. Additionally, this product had more 

pronounced effects on acute serum calcium (measured hourly ×6 hours) after ingestion 

compared to calcium citrate, suggesting superior calcium uptake and availability (24). 

Although this product is not commercially available, these two placebo-based, interventional 

trials convincingly contends that calcium citrate reduces stone risk in bariatric stone formers 

and may be a more suitable supplement that the standard calcium citrate.

Changes in stone incidence after RYGB

Table 2 focuses on incidence of stone events after RYGB surgery. Durrani et al. [2006] was 

the first to report an increased prevalence of stones (3.2% de novo stones from chart review) 
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in a cohort of RYGB patients (n=972) compared with expected rates derived from a control 

population (25). Matlaga et al. [2009] then reported claims data in a case-control study of 

4,639 patients post-RYGB surgery compared to obese controls, determining a stone 

diagnosis in 7.65% of RYGB versus 4.63% of controls (26). Compared to restrictive 

procedures (such as the GB) which yield an estimated person-time stone incidence rate of 

3.40 stones per 1,000 person-years, Matlaga et al. estimated person-time stone incidence 

rate of 16.62 stones per 1,000 person-years for RYGB and 11.3 stones per 1,000 person-

years for routine obesity (26). To see if this stone risk phenomenon remained true in non-

obese patients, Shimizu et al. [2012] reviewed computed tomography (CT) scans from 

gastric cancer patients who had either distal gastrectomy with Bilroth I/Roux-en-Y versus 

total gastrectomy with Roux-en-Y reconstruction (28). In this population, patients with total 

gastrectomy were more likely to have renal stones by CT (21/85, 25%) than patients with 

some portion of the stomach remaining (10/141, 7%). Although no urinary chemistries were 

available, the authors hypothesized that total gastrectomy may lead to more fat 

malabsorption than partial gastrectomy, perhaps furthering hyperoxaluria. Furthermore, they 

did not find a significant difference in stone incidence between distal gastrectomy patients 

with either Bilroth I or Roux-en-Y reconstruction, again suggesting that extent of stomach 

resection may be more important than length of the common channel from an absorptive 

standpoint. This study does not address potential confounders such as fluid intake 

differences.

In a large, prospective case series (n=151) of laparoscopic RYGB patients, Valezi [2013] 

reported de novo stone incidence of 8% one year post-procedure (15). Using multivariate 

analysis, post-operative hyperoxaluria (OR 1.41; 95% CI, 1.101–1.803; P=0.006) and 

hyperuricosuria (OR 1.009; 95% CI, 1.002–1.016; P=0.013) were found to be the only 

predictors of developing RYGB-related kidney stones. Although these epidemiological 

studies are not perfect, it appears that RYGB procedure increases future stone risk at least 2–

3 fold, primarily driven by hyperoxaluria. More long-term studies are needed to identify 

other risks, such as food preference changes (increased leafy green foods) and increased 

animal protein (potentially leading to higher uric acid intake) in order to solidify 

mechanisms behind this conclusion. Additionally, predictive stone risk calculators may help 

urologists and bariatric surgeons counsel patients who are considering RYGB or screen for 

metabolic abnormalities in patients who are in the post-operative setting, especially as it 

appears that since stone risk increases over time in this population.

Pathophysiology in experimental models of bariatric surgery

To date, clinical data suggest that malabsorptive bariatric procedures have higher incident 

kidney stone risk through changes in urinary volume, oxalate, and citrate. These procedures, 

therefore, fall into the spectrum of gastrointestinal disorders characterized by malabsorption 

of bile salts and/or fatty acids—termed “enteric hyperoxaluria”. Mechanistically, as fat is 

malabsorbed, fat-soluble vitamins and calcium ions are saponified by intraluminal free fatty 

acids, leading to steatorrhea with subsequent nutrient loss. As a consequence of this reduced 

calcium availability in the intestinal lumen, there is decreased calcium-oxalate binding and 

increased unbound oxalate within the small and large intestine. This increased free oxalate 

load, otherwise destined for fecal excretion, has a higher chance of either passive or active 
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gut absorption. Once absorbed, oxalate is an end-product of metabolism and must be filtered 

and excreted by the kidney (12,19,29,30). Concurrently, permeability of the GI tract to 

oxalate can be dramatically increased by exposure to unconjugated bile salts and long chain 

fatty acids, both of which have been shown to be increased in the GI tract of RYGB patients 

(12,22,31–33). While this hypothesis fits in well for hyperoxaluria and malabsorption, only 

a small number of human studies have been published in this area with limited results 

(12,19,34). In an attempt to better understand these mechanisms, our group established a 

diet-induced obese rodent model of RYGB surgery and tested the long-term effect of high 

dietary fat and oxalate on fecal fat excretion and 24-hour urine parameters (35).

In a cohort of 19 experimental animals and 16 sham-operated controls, we tested two 

different diets (40% versus 10% fat) with high (1.5%) and no oxalate content. In all age-

matched, sham-operated control animals, we saw no appreciable change in urinary oxalate 

or fecal fat on any of these regimens (35). However, RYGB animals on high fat and oxalate 

diets had 8-fold higher fecal fat excretion and heavier stools, a 5-fold increase in urine 

oxalate excretion, and 4-fold increase in CaOx SS. In this setting, just lowering dietary fat 

resulted in a 40% decrease in oxalate excretion. For RYGB animals on a no-oxalate added 

diet, urine oxalate was consistently higher than controls, suggesting that other mechanisms 

may have resulted in excess oxalate excretion. These include increased systemic oxalate 

production, enhanced renal oxalate excretion, slow GI transit times causing increased GI 

uptake, or perhaps even changes in gut flora as a direct result of the bypass.

For years, the anaerobic bacterium Oxalobacter formigenes, a gut commensal capable of 

metabolizing oxalic acid, has been implicated as a possible etiology for increased urinary 

oxalate levels in calcium oxalate stone formers (36). In 2005, subjects with fat 

malabsorption, hyperoxaluria, and calcium oxalate stones caused by a variety of GI diseases 

(including 6 RYGB patients) were given the probiotic “Oxadrop®” (Lactobacillus 

acidophilus and brevis, Streptococcus and Bifidobacterium) (37). Over a period of 3 months, 

mean urinary oxalate levels decreased by 20% in 10 patients (37). In the RYGB population, 

it has been suggested that higher rates of O. formigenes colonization could also result in 

decreased levels of oxalate in the gut and subsequently, the urine (13,19). To test this 

hypothesis, our group has begun colonizing hyperoxaluric RYGB animals with this 

bacterium, and preliminary data in 4 animals has shown that persistent colonization results 

in a 75% reduction in urinary oxalate levels (unpublished). These exciting results require 

more validation with larger experimental numbers but may offer a future potential therapy 

for RYGB patients who suffer from hyperoxaluria and recurrent oxalate stones.

In addition to hyperoxaluria, the other commonly cited urinary abnormalities in bariatric 

surgical patients include low urinary volume and low urine citrate, both of which can 

significantly increase calcium oxalate risk and supersaturation (11–13,16,18,20,21). Low 

urine citrate is likely reflective of systemic metabolic acidosis. Although scant data exists in 

humans, Abegg et al. noted mild elevations in serum lactate levels and confirmed metabolic 

acidosis by arterial blood gas in obese Wistar rats 14 weeks after experimental RYGB 

surgery (38). We also confirmed that our Sprague-Dawley RYGB model has significantly 

lower serum bicarbonate that sham operated controls (unpublished). Taken together with the 

effervescent potassium calcium citrate data, the current literature seems to suggest that 
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chronic metabolic acidosis could play a larger role in hypocitrituria and stone disease than 

previously expected. In a broader context, chronic metabolic acidosis can also affect the 

bone-renal axis resulting in increased bone resorption secondary to chronic GI bicarbonate 

loss. This phenomenon has been previously documented in a small group of RYGB patients 

prior to administration of potassium alkali therapy (23).

As previously reviewed, we agree with the dietary recommendations to reduce stone risk 

that have been advocated for by so many other authors in this area: reduction in oxalate-rich 

and fatty foods to minimize enteric absorption, increased hydration to increase total urine 

volume and decrease urine supersaturation, calcium supplementation using calcium citrate 

instead of calcium carbonate, and citric salts (potassium citrate) to correct metabolic acidosis 

and hypocitrituria (11,20,26,28). Probiotics may also be beneficial, although existing data is 

limited (37). Future directions for study or therapy in these patients include a more critical 

appraisal of vitamin deficiencies, including pyridoxine (vitamin B6—an important co-factor 

in liver metabolism of glyoxalate), clarification of the role of gut hormones in renal and GI 

oxalate transport, and publication of results from investigators who use cholestyramine to 

bind bile acids in this population.

Conclusions

RYGB surgery and calcium oxalate stone disease appear to be irrevocably linked through 

mechanisms of hyperoxaluria, low urine volume, and hypocitrituria. Further investigations 

in the RYGB animal model as well as stone-centered human pharmaceutical trials are 

needed to better define the etiology of and the best means to prevent this renal complication, 

especially in light of growing obesity and bariatric surgical trends.
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Figure 1. 
(A) Cartoon depiction of laparoscopic adjustable gastric band; (B) vertical sleeve 

gastrectomy with duodenal switch; and (C) Roux-en-Y gastric bypass surgery. Images 

courtesy of Covidien®.
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Table 1

Urinary profiles following Roux-en-Y gastric bypass surgery, grouped by stone history and study design

Article Procedures
[n]

F/U
(mo.)

Urinary oxalate
(CaOx SS)

Other urinary changes and study comments

Primarily non-stone formers, prospectively collected

Park 2009 (10) RYGB [45] 9.6 Pre-op: 32 (1.27)
Post-op: 40 (2.23)

De novo hyperoxaluria occurred in 90%. No symptomatic stone 
events during study

Duffey 2010 (11) RYGB [21] 24 Pre-op: 33 (1.73)
Post-op: 63 (2.2)

De novo hyperoxaluria occurred in 52%. Hypocitraturia 
increased from 10% at baseline to 48% but relative CaOx SS 
was unchanged

Kumar 2011 (12) RYGB [9]
BPD [2]

6, 12 Pre-op: 26 (1.0)
Post-op: 32 (1.8)

Decreased total urine volume and higher fecal fat excretion at 6 
and 12 months. Oral oxalate loading test at 6 and 12 months 
resulted in higher urine oxalate excretion

Wu 2013 (13) RYGB [38] 6 Pre-op: 38 (4.9)
Post-op: 48 (10.5)

Urine calcium increased by 43 mg/day (perhaps due to higher 
supplementation) while urine volume decreased by ½ liter/day.
Stone formation or passage events were not recorded

Agrawal 2013 (14) RYGB [13] 6 Pre-op: 12.6 (1.4)
Post-op: 28.4 (5.7)

Prospective 24-hr urine study that included one stone former.
Urinary oxalate was elevated 2, 4, and 6 months after RYGB. 
Both citrate and urine volume decreased by 30%

Valezi 2013 (15) RYGB [151] 12 Pre-op: 24 (NR)
Post-op: 41 (NR)

Prospective 24-hr urine study that included 16 stone formers. 
Mean urinary uric acid levels increased 30% while volume 
decreased 40%. A total of 100% of patients were hypocitrituric 
at year 1

Non-stone formers, retrospectively collected

Nelson 2005 (7) RYGB [13]
LL-RYGB [9]

NR RYGB =88 (2.38)
LL-RYGB =95 (2.69)

CaOx SS was reported in µmL/L (normal range <1.77). Long 
limb RYGB results in a shorter common channel resulting in 
more malabsorption

Patel 2009 (16) RYGB [52]
BPD [6]

14.2 RYGB =62 (NR)
BPD =90 (NR)

Comparisons made to healthy and stone forming adults from a 
commercial database

Penniston 2009 (17) RYGB [27]
GB [12]

32 RYGB =48 (1.89) GB
=41 (2.78)

Urine calcium decreased ~50% in RYGB versus GB, and 52% 
RYGB had urinary citrate <370 mg/day vs. 9% in GB. Urine 
volume decreased in both groups

Maalouf 2010 (18) RYGB [19]
Con [19]

42 RYGB =45 (7.0)
Con =30 (5.0)

~50% reduction in urinary citrate level compared to controls 
(mean 358 vs. 767 mg/day)

Froeder 2012 (19) RYGB [58]
BPD [3]
Con [30]

48 RYGB/BPD =26 (NR)
Con =29 (NR)

Oxalate loading (RYGB =22, Con =21) showed higher urine 
oxalate in RYGB. No difference in O. formigenes colonization 
between subgroups (RYGB =10, Con =13). 6 patients had stones 
pre-op. No difference in CaOx SS, reported as Tiselius index

Primarily stone formers, retrospectively or prospectively collected

Sinha 2007 (20) RYGB [31] N/A Post-op: 60 (2.23) Post-RYGB data compared to normal population references for 
urinary oxalate excretion

Asplin 2007 (21) JIB [27]
GB/RYGB [132]
Con [2,210]

N/A JIB =102 (NR)
GB/RYGB =83 (NR)
Con =34 (NR)

GB and RYGB surgeries were not separated for analysis. Mean 
time from procedure to stone event of 3.6 years. Stone formers 
identified in a corporate stone database

Pang 2012 (22) JIB [1]
RYGB [6]
BPD [2]

N/A Entire cohort
Free Diet =65 (1.97)
Met Diet =62 (1.13)

Recurrent stone forming bariatric patients mean 11 years after 
surgery had increased pH, urine volume, and citrate on Met 
(controlled metabolic) diet. No significant changes in urine 
oxalate excretion was noted, even on low oxalate diet

F/U, follow-up in months, some means are number of months post-procedure; CaOx SS, calcium oxalate supersaturation; RYGB, Roux-en-Y 
gastric bypass; NR, not recorded; LL-RYGB, Long-limb Roux-en-Y gastric bypass; BPD, biliopancreatic diversion with duodenal switch; JIB, 
jejunoileal bypass; GB, gastric band; Con, control.
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Table 2

Kidney stone incidence following bariatric surgery

Article Procedure
[n]

F/U
(mo.)

Post-procedural stone
incidence

Comments

Durrani 2006 (25) RYGB =972 NR 26/85 (31%): recurrent
32/887 (3.6%): de novo

Stones identified by patient chart review. Mean time to 
stone formation was 2.8 years (de novo) and 1.9 years 
(recurrent)

Matlaga 2009 (26) RYGB [4,639]
Con [4,639]

18.6 RYGB =355/4,639 (7.7%)
Con =215 (4.6%)

Stones identified by CPT code within claims data versus 
matched obese controls

Costa-Matos 2009 (27) RYGB [58] 42† RYGB =0/58 (0%) Stones identified by RUS. One patient had a stone pre-
RYGB which remained unchanged post-op

Shimizu 2012 (28) DTGx [226] NR 31/226 (13.7%) Stones identified by CT in gastric cancer patients. Incident 
stones occurred in 25% (21/85) of total vs. 7% (10/141) 
distal gastrectomy. Mean time to first stone 17.6 months 
post-surgery

Valezi 2013 (15) RYGB [151] 12 27/151 (18%): total
11/135 (8%): de novo

A total of 16 patients had pre-existing stones by RUS or by 
stone history. Post-operative stone formation was predicted 
by elevated urinary oxalate and uric acid levels

F/U, follow-up in months, some means are number of months post-procedure;

†
, follow-up time reported as median; RYGB, Roux-en-Y gastric bypass; GB, gastric band; Con, ontrol; CPT, common procedural terminology; 

RUS, renal ultrasound; BPD, biliopancreatic diversion with duodenal switch; DTGx, distal or total gastrectomy with Bilroth I or Roux-en-Y gastric 
bypass.
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