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Abstract

Background Roux-en-Y (R-Y) gastric bypass, also

known as bariatric surgery, sometimes causes postopera-

tive hyperoxaluria and subsequent oxalate nephrolithiasis

in obese patients. In this study, we retrospectively inves-

tigated the frequency of occurrence of nephrolithiasis and

renal dysfunction in postoperative gastric cancer patients

with respect to the surgical procedures employed.

Methods Two hundred and twenty-six consecutive gastric

cancer patients, who underwent distal gastrectomy with

Billroth-I reconstruction (DGBI, 60 patients), distal gas-

trectomy with R-Y reconstruction (DGRY, 81 patients),

and total gastrectomy with R-Y reconstruction (TGRY, 85

patients), were investigated for postoperative nephrolithi-

asis and renal dysfunction. We also examined the risk

factors for postoperative nephrolithiasis in these patients

with gastric cancer.

Results Nephrolithiasis was detected in 3 (5 %), 7 (9 %),

and 21 (25 %) patients in the DGBI, DGRY, and TGRY

groups, respectively. There were significant differences in

the frequency of nephrolithiasis between the DGBI and

TGRY groups (p = 0.004), and between the DGRY and

TGRY groups (p = 0.011), but there was no significant

difference between the DGBI and DGRY groups. Multi-

variate logistic regression analysis revealed that gender and

extent of gastrectomy were independent risk factors asso-

ciated with nephrolithiasis. Renal dysfunction was found in

5 patients (6 %) in the TGRY group, but was not found in

either the DGBI or the DGRY group. Nephrolithiasis was

detected in all these 5 patients, and a renal biopsy per-

formed in one patient revealed the presence of intratubular

calcium oxalate crystals with chronic tubulointerstitial

nephritis.

Conclusion Total gastrectomy with R-Y reconstruction

was an independent predictive factor for nephrolithiasis in

patients with gastric cancer.

Keywords Gastric cancer � Nephrolithiasis � Renal

dysfunction

Introduction

Various late complications are widely known to occur in

patients with gastric cancer during their postoperative fol-

low-up period. Postoperative renal dysfunction, however, is

little known in patients with gastric cancers, and therefore we

have paid little attention to renal complications during their

follow-up periods. Recently, renal function has been care-

fully observed in patients with advanced gastric cancers

during the follow-up period because renal dysfunction can

sometimes be a critical determinant for intensive chemo-

therapies. In fact, some gastric cancer patients are compelled

to discontinue chemotherapies owing to their renal dys-

function during the follow-up period.

Some recent studies have reported that Roux-en-Y

(R-Y) gastric bypass, known as bariatric surgery, some-

times caused postoperative hyperoxaluria and subsequent

oxalate nephrolithiasis in obese patients [1]. This metabolic

abnormality sometimes leads to the development not only
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of macroscopic renal stones but also of microscopic renal

calculi, and results in irreversible renal failure in some

patients [2]. No previous studies have described correla-

tions between the incidences of these renal complications

and surgical procedure-related factors, such as extent of

gastrectomy and/or methods of reconstruction. However, it

is possible that the etiology similar to those encountered in

obese patients who have had bariatric surgery may be

correlated with postoperative renal dysfunction in patients

with gastric cancer.

In this study, we investigated the frequency of the

occurrence of nephrolithiasis and renal dysfunction in

postoperative gastric cancer patients with respect to the

surgical procedures employed: distal gastrectomy with

gastro-duodenostomy reconstruction (Billroth-I) (DGBI),

distal gastrectomy with R-Y reconstruction (DGRY), and

total gastrectomy with R-Y reconstruction (TGRY). We

also examined the risk factors for postoperative renal

complications, especially nephrolithiasis, in these patients

in order to clarify the association between nephrolithiasis

and the surgical procedures performed for gastric cancers.

Methods

Patients

A total of 346 gastric cancer patients, who underwent distal

gastrectomy with Billroth-I or R-Y reconstruction and total

gastrectomy with R-Y reconstruction at the Division of

Digestive Surgery, Kyoto Prefectural University of Medi-

cine, between 2007 and 2010, were enrolled in this retro-

spective study. Among these 346 patients, we identified a

consecutive series of 226 patients without the presence of

the 4 following exclusion criteria at the time of surgery

(numbers of patients excluded are shown in parentheses):

criterion 1, remnant gastric cancer (11 patients); criterion 2,

preoperative renal dysfunction or hyperuricemia requiring

any medical treatment (12 patients); criterion 3, simulta-

neous double cancer in another organ requiring aggressive

treatments such as surgery or chemotherapy (14 patients);

and criterion 4, patients in whom both pre- and postoper-

ative thin-slice computed tomography (CT) findings were

not available (83 patients). Of these 226 patients, the

numbers of patients who underwent distal gastrectomy

with Billroth-I reconstruction (DGBI), distal gastrectomy

with R-Y reconstruction (DGRY), and total gastrectomy with

R-Y reconstruction (TGRY) were 60, 81, and 85, respec-

tively. The length of the Roux limb was 20 cm for DRGY,

and ranged from 35 to 40 cm for TGRY, and a jejunal

pouch was not created. Neoadjuvant chemotherapy was

performed in 1, 3, and 2 patients in the DGBI, DGRY, and

TGRY groups, respectively. This was a retrospective study,

and the clinicopathological data of these patients were

obtained from hospital records.

Definitions

The staging of gastric cancer was performed using the

histopathological findings of the tumor according to the

criteria of the Japanese classification of gastric carcinoma:

3rd English edition [3]. Postoperative nephrolithiasis was

defined as the presence of a new kidney stone according to

the findings of a thin-slice (1-mm slice) multislice plain CT

scan comparing the findings pre- and postoperatively. The

size and number of stones were not considered in the

definition. Postoperative renal dysfunction was defined as

follows: (1) serum creatinine level [1.1 mg/dl, (2) persis-

tent increase in the serum creatinine level by one and a half

times or more compared with the preoperative level, (3)

absence of any evident causes of the renal dysfunction,

such as severe dehydration, an obvious side effect of che-

motherapy (such as cisplatin nephrotoxicity), or hydrone-

phrosis due to urinary obstruction or dyscrasia. The

definition of postoperative renal dysfunction in all patients

was checked by the nephrologists at our hospital.

Follow-up protocol

During the follow up at our outpatient department, a CT

scan was routinely performed every year for patients with

early gastric cancer; every 6 months during the first 2 years

and every year later than 3 years after surgery for patients

with advanced gastric cancer; and after every 2 cycles of

chemotherapy for patients with tumor recurrence. The

median follow-up period after gastrectomy was 731 days

(range 198–1746 days).

Statistical analysis

The v2 test and Fisher’s exact test were used to evaluate

differences in proportions, and Student’s t-test was used to

evaluate continuous variables. Multivariate logistic

regression was used to identify risk factors associated with

the presence of postoperative nephrolithiasis. A p value of

less than 0.05 was considered significant.

Results

The mean age of all 226 patients was 65 years (range 36–87)

and the male/female ratio was 1.90. The clinicopathological

characteristics of the patients in each group are shown in

Table 1. There were significant differences in gender ratios,

preoperative serum creatinine levels, presence of perioper-

ative chemotherapy, and pathological stage between the
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DGBI and the DGRY groups. On the other hand, there was no

significant difference between the DGRY and the TGRY

groups, except for pathological stage.

The details of postoperative renal complications are

summarized in Table 2. Nephrolithiasis was detected in 3

of 60 (5.0 %), 7 of 81 (8.6 %), and 21 of 85 (24.7 %)

patients in the DGBI, DGRY, and TGRY groups, respec-

tively. In the 31 patients with nephrolithiasis, the median

interval from the surgery to the diagnosis of kidney stones

was 528 days (range 88–1449). There were significant

differences in the frequency of nephrolithiasis between the

DGBI and the TGRY groups (p = 0.004), and also

between the DGRY and the TGRY groups (p = 0.011), but

there was no significant difference between the DGBI and

the DGRY groups.

Results of univariate and multivariate analyses of pre-

dictive factors for the risk of nephrolithiasis are shown in

Table 3. Multivariate logistic regression analysis using

factors selected on univariate analysis (p \ 0.1) revealed

that gender and extent of gastrectomy, but not periopera-

tive chemotherapy or the method of reconstruction, were

independent risk factors associated with nephrolithiasis.

Renal dysfunction was not found in any patients in

either the DGBI or the DGRY group, but it was found in 5

patients (6 %) in the TGRY group. A detailed summary of

the 5 patients with postoperative renal dysfunction is

shown in Table 4. All patients were males, with a mean age

of 67 years (range 57–76), and the nephrolithiasis had been

diagnosed at a median time of 356 days (range 193–579)

postoperatively. Figure 1 shows the preoperative (Fig. 1a)

and postoperative (Fig. 1b) CT scan findings of patient no.

4 in Table 4, with small calcifications that developed

postoperatively in both kidneys.

The median postoperative time when the serum creati-

nine level increased beyond the defined level was 638 days

(range 167–1271). One of the 5 patients with postoperative

renal dysfunction (patient no. 2 in Table 4) underwent

a renal biopsy, at 398 postoperative days. Masson’s

Table 1 The

clinicopathological

characteristics of patients in

three groups

BUN blood urea nitrogen, DGBI

distal gastrectomy with Billroth-

I reconstruction, DGRY distal

gastrectomy with Roux-en-Y

(R-Y) reconstruction, TGRY

total gastrectomy with R-Y

reconstruction

* p \ 0.05
a Japanese classification of

gastric carcinoma: 3rd English

edition [3]

Table 2 Postoperative renal

complications

* p \ 0.05
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Table 3 Univariate and multivariate analyses of predictive factors for postoperative nephrolithiasis

Variable n Postoperative kidney stone Univariateb Multivariatec

Negative Positive p value HR 95 % CI p value

Total 226 195 31

Gender

Male 148 122 (82 %) 26 (18 %) 0.034 2.841 1.003–8.065 0.049

Female 78 73 (94 %) 5 (6 %)

Age (years)

\65 107 94 (88 %) 13 (12 %) 0.516

C65 119 101 (85 %) 18 (15 %)

Body mass index

\25 189 164 (87 %) 25 (13 %) 0.824

C25 37 31 (84 %) 6 (16 %)

HbA1C (%)

\6.5 205 175 (85 %) 30 (15 %) 0.358

C6.5 21 20 (95 %) 1 (5 %)

Approach method

Laparotomy 136 113 (83 %) 23 (17 %) 0.129

Laparoscopy 90 82 (91 %) 8 (9 %)

Perioperative chemotherapy

Negative 131 118 (90 %) 13 (10 %) 0.052 1.832 0.809–4.149 0.147

Positive 95 77 (81 %) 18 (19 %)

Pathological stagea

I 117 105 (90 %) 12 (10 %) 0.117

II–IV 109 90 (83 %) 19 (17 %)

Extent of gastrectomy

Distal 141 131 (93 %) 10 (7 %) 0.0002 3.311 1.305–8.403 0.012

Total 85 64 (75 %) 21 (25 %)

Method of reconstruction

Billroth-1 60 57 (95 %) 3 (5 %) 0.038 1.332 0.319–5.556 0.695

Roux-en-Y 166 138 (83 %) 28 (17 %)

HR hazard ratio, CI confidence interval
a Japanese classification of gastric carcinoma: 3rd English edition [3]
b p values are from v2 or Fisher’s exact test
c Multivariate analysis was performed using logistic regression analysis

Table 4 Summary of patients with postoperative renal dysfunction

No. Age

(years)

Gender Baseline

creatinine

(Cr;mg/dl)

Surgical

procedure

pStagea Nephrolithiasis Time from

surgery to

nephrolithiasis

(days)

Time from surgery

to renal

dysfunction (days)

Maximum

Cr (mg/dl)

Renal

biopsy

1 75 Male 0.95 TGRY IA Positive 356 1271 1.86 None

2 63 Male 0.67 TGRY IB Positive 206 167 3.63 Yes

3 57 Male 0.79 TGRY IIA Positive 579 638 1.33 None

4 64 Male 0.88 TGRY IIIB Positive 479 638 1.40 None

5 76 Male 0.88 TGRY IIA Positive 193 327 1.59 None

a Japanese classification of gastric carcinoma: 3rd English edition [3]
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trichrome stain examination showed diffuse interstitial

fibrosis and tubular degenerative changes with intraluminal

translucent crystals, and hematoxylin-and-eosin stain

examination with a polarization microscope detected

intraluminal crystals (data not shown). Analysis of the

urinary calculus revealed that the main component was

calcium oxalate complexes, at more than 95 %.

Discussion

This is the first report that has analyzed the association

between postoperative renal complications and surgical

procedures in a large number of gastric cancer patients.

This study clearly showed that the extent of gastrectomy,

but not the method of reconstruction, was an independent

predictive factor for the development of postoperative

nephrolithiasis. Gender was also selected as a predictive

factor, and is widely known as a risk factor for having

kidney stones, even in healthy people. The high frequency

of postoperative kidney stones in our TGRY group may

reflect, in part, the male predominance in this group;

however, multivariate analysis clearly indicated that TGRY

was an independent risk factor for postoperative nephroli-

thiasis, although it is not known whether other recon-

struction methods after total gastrectomy, such as ileal

interposition or jejunal pouch R-Y, could limit the renal

complications. The hazard ratio of the extent of gastrec-

tomy for postoperative nephrolithiasis was higher than that

of gender.

Normal renal function is important if adjuvant and/or

post-recurrence chemotherapy is to be performed safely.

As can be seen in Table 1, the majority of our TGRY group

were patients with advanced gastric cancer and/or receiv-

ing perioperative chemotherapy; therefore, the postopera-

tive renal function in such patients should be well

controlled and prevented from reaching an irreversible

state, this being particularly important in the TGRY group.

The first study reporting on hyperoxaluria and renal

complications following R-Y gastric bypass as recent

bariatric surgery was presented in 2005 by Nelson et al. [4].

They reported that postoperative calcium oxalate nephro-

lithiasis and oxalate nephropathy had developed in 21 and

2 of 23 patients, respectively, with hyperoxaluria after R-Y

gastric bypass. Durrani et al. [5] identified 32 of 972

(3.2 %) patients with de-novo nephrolithiasis, and 26 of

972 (2.7 %) patients with recurrent nephrolithiasis after

R-Y gastric bypass. Matlaga et al. [6] reported that 355 of

4639 (7.65 %) obese patients were diagnosed with kidney

stone disease after R-Y gastric bypass, which was a sig-

nificantly higher frequency than the 215 of 4639 (4.63 %)

obese patients without surgical treatment. In the physio-

logical condition, intestinal oxalate combines with calcium

to form insoluble complexes, which are usually excreted in

the feces [7]. Gastric bypass, however, sometimes causes

fat malabsorption and this subsequently increases excessive

intraluminal free fatty acids, which preferentially bind to

calcium and subsequently inhibit the formation of calcium

oxalate. The increased intraluminal free oxalate, as well as

the increased enteric permeability and promotion of oxalate

transport by free fatty acid and bile salt [8], results in

increased absorption of oxalate, which causes the hyper-

oxaluria and calcium oxalate nephrolithiasis.

Some detailed analyses of the hyperoxaluria occurring

after bariatric surgery have been performed by measuring

urinary oxalate excretion in 24-h urine collections [9–16].

Duffey et al. [10, 11] conducted a long-term prospective

study of the hyperoxaluria after R-Y gastric bypass, and

revealed that the postoperative mean urinary oxalate

excretion was significantly elevated from baseline at

3 months, and continued to grow in magnitude, reaching a

stable level 1–2 years after surgery. There are other studies

indicating that the mean intervals from surgery to the

Fig. 1 Preoperative (a) and postoperative (b) computed tomography

scan findings in patient no. 4 (in Table 4). Small calcifications

developed postoperatively in both kidneys
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diagnosis of nephrolithiasis range from 1.5 to 3.6 years [5,

6, 9, 17].

These findings prompted us to examine whether

patients undergoing gastrectomy for gastric cancers may

sometimes develop renal dysfunction that has an etiology

similar to that developing after bariatric surgery for

obesity. In the present study, nephrolithiasis was detected

in 21 of 85 (24.7 %) patients in the TGRY group, an

incidence which was much higher than those in both the

DGBI and DGRY groups. In all 31 patients who devel-

oped nephrolithiasis, the median interval from gastrec-

tomy to the development of kidney stones was 528 days

(range 88–1449). Although the term of surveillance was

comparatively short in this study, the extent of gastrec-

tomy was selected as the most significant predictive factor

for postoperative nephrolithiasis on multivariate analysis.

Patients undergoing total gastrectomy are likely to

develop nephrolithiasis during their follow-up period.

However, the incidences of nephrolithiasis differ between

the present data and previous reports concerning bariatric

R-Y bypass. The exact reason for the difference is not

known. There seems to be a little difference between

bariatric R-Y bypass and TGRY for cancer patients: the

length of the Roux limb and the presence of a small

gastric pouch, which might be responsible for the differ-

ence in the frequency of nephrolithiasis [18, 19]. The

detailed postoperative examinations by thin-slice CT scans

in our series also may have had an effect on the incidence

of the diagnosis of nephrolithiasis. On the other hand,

there was no significant difference in the frequency of

nephrolithiasis between our DGBI and DGRY groups, and

therefore we speculated that the loss of stomach could

have influenced fat malabsorption to a greater degree than

the food passage through the duodenum and the length of

jejunum that is available for food absorption.

Oxalate nephropathy is characterized by tubular crys-

talline deposits of calcium oxalate in kidney tissue, which

lead to tubular injury, interstitial fibrosis, and progressive

renal insufficiency [20]. Nasr et al. [2] reported 11 cases of

oxalate nephropathy after R-Y gastric bypass, in 8 patients

with morbid obesity and 3 patients with gastric cancer, and

renal biopsies revealed diffuse tubular degenerative chan-

ges, tubular calcium oxalate deposits, and interstitial

scarring, findings which were similar to those in our renal

biopsied case. In our study, nephrolithiasis was detected in

all patients with postoperative renal dysfunction, and an

etiology similar to that in bariatric R-Y bypass should be

suspected of contributing to the renal dysfunction in post-

operative gastric cancer patients. If possible, a renal biopsy

should be considered for an accurate diagnosis of oxalate

nephropathy.

There are some possible preventive methods and treat-

ments for hyperoxaluria and calcium oxalate

nephrolithiasis. Because oxalate is absorbed from the

digestive tract, the restriction of oxalate-rich food, such as

tea, nuts, spinach, banana, and cocoa, is essential [21].

Increased fluid intake and a fat-restricted diet are also

beneficial. Oral administration of a calcium preparation

should also be considered in order to decrease the amount

of free enteric oxalate. Moreover, a citric acid preparation

and thiazide diuretics are useful to reduce the urinary

calcium excretion. In the present study, patients showing

renal dysfunction received nutritional guidance and were

treated with medications as described above. Fortunately,

the treatment in our patients was successful and further

renal dysfunction was prevented, because these gastric

cancer patients underwent more intensive postoperative

follow-up examinations (including blood tests and CT

scans) than those carried out in obese patients, and the

early detection of renal dysfunction enabled the early

treatments and consequently prevented the renal status

from worsening. Although there has been no consensus

about whether these treatments are necessary in patients

with asymptomatic nephrolithiasis, postoperative nephro-

lithiasis may be an early warning sign of the following

renal dysfunction, and at least an intensive follow up and

nutritional guidance should be considered in these patients,

especially those with total gastrectomy.

In conclusion, this retrospective study clearly demon-

strated that total gastrectomy was an independent predic-

tive factor for postoperative nephrolithiasis in patients with

gastric cancer, and the nephrolithiasis led to the develop-

ment of renal dysfunction in some patients. We are plan-

ning a prospective clinical trial to examine differences in

urinary oxalate excretion in patients with various surgical

procedures.
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