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Abstract

Bariatric surgery is increasingly performed on overweight individuals. A significant benefit with
respect to cardiovascular (CV) events and survival has been documented. After weight loss,
reduction of albuminuria/proteinuria is almost consistently seen; small studies documented retar-
dation of the glomerular filtration rate (GFR) loss after bariatric surgery; reduction of blood
pressure (BP) is less consistent. It has been known for a long time that the frequency of oxalate
stones is increased after bariatric surgery. The main renal threat of hyperoxaluria is renal oxalosis,
often irreversible, causing persisting renal failure. The causes are reduced oxalate binding by
calcium due to saponification of calcium causing fat malabsorption, increased permeability for
oxalate because of increased permeability of colon mucosa triggered by increased bile salts and
reduced colonization of the colon by oxalobacter formigenes. These mechanisms are susceptible

to treatment.
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Introduction

First cases of bariatric surgery were reported more than
50 years ago, mainly with the intention to achieve malab-
sorption [1]. Today, bariatric surgery is mainly performed
to achieve weight loss. Most frequently the Roux-en-Y
gastric bypass (RYGB) and gastric banding techniques are
used, more rarely malabsorptive procedures, e.g. biliopan-
creatic diversion. In 2008, the cumulative frequency
of bariatric surgery worldwide was 344 221 operations;
laparoscopic adjustable gastric banding accounted for
42.3% and laparoscopic standard RYGB accounted for
39.7% [2]. It has become evident that part of the ben-
eficial mechanisms accounting for weight loss are in-
creased anorectic gut hormones, e.g. glucagon-like
peptide 1 and peptide YY on the one hand, and decrease
in the orexigenic hormones, e.g. ghrelin, on the other
hand, [3]. Important for renal events (see below) is the
fact that weight loss after bariatric surgery also causes
changes in the gut microflora.

Effects of bariatric surgery on kidney function

In severe obesity, renal plasma flow (RPF), glomerular
filtration rate (GFR) and filtration fraction (FF) are in-
creased. Chagnac et al. [4] showed that in subjects with
morbid obesity weight loss (of note, without surgical in-
tervention) caused decreased GFR, RPF, FF and albumin
excretion. Another important renal malfunction in obesity

is increased proximal tubular sodium reabsorption, a
mechanism contributing to hypertension in obesity [5].
New data suggest that specifically perivascular renal
sinus fat is related to the intensity of microalbuminuria in
the metabolic syndrome [6].

Albuminuria/proteinuria

After weight loss, specifically also after bariatric surgery,
microalbuminuria and proteinuria are on average signifi-
cantly decreased [7]; the reduction is independent of the
decline in mean arterial pressure and was found to be
A —14 mg/day in microalbuminuric and A—1.7 g/day in
proteinuric obese patients; a significant decrease in crea-
tinine clearance has been documented only in patients
with bariatric surgery [8]. This finding is particularly im-
pressive in patients with primary kidney disease, e.g. in
type 2 diabetic patients treated with RYGB or other types
of bariatric surgery. A small study showed that albumi-
nuria was consistently reduced in parallel with improved
insulin sensitivity and increased high-molecular-weight
adiponectin [9, 10]. Such improvement in albuminuria
after RYGB is also seen in non-diabetic patients as well
[11]. In individual cases, the reversal of albuminuria was
dramatic [12], e.g. in one 17-year-old girl with a body
mass index (BMI) of 56.8 kg/m? with biopsy confirmed
glomerulosclerosis experienced complete normalization
of proteinuria after surgery and this was accompanied by
complete normalization of kidney function [13].
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The methodological difficulties to calculate the estimated
GFR (eGFR) before and after bariatric surgery with the
attendant change in indices of body weight are illus-
trated in the recent paper of Nagelkerke (International
Urology Nephrology (2012) MAR 3): using different
formulae to correct for the body size resulted in substan-
tially different GFR estimates, prompting the comment
‘GFR estimation in the morbidly obese pre-and postbaria-
tric surgery: one size does not fit all’. It is difficult to
distinguish whether the reduction of GFR reflects the re-
versal of obesity-induced hyperfiltration or loss of renal
function.

Of special interest is the impact of bariatric surgery on
chronic kidney disease (CKD) patients; Turgeon et al. [14]
analyzed the evolution of renal function of 27736
patients in different stages of CKD; the complication rate
rose from 4.6% (in patients with CKD stage 1) to 9.9%
(CKD stage 5), but there were no fatalities. In a small
study in obese type 2 diabetics undergoing RYGB, creati-
nine clearance was lowered by 15% in diabetic and by
21% in non-diabetic patients after 12 months of follow-
up [15]. For patients with primary kidney disease, e.g.
focal segmental glomerulosclerosis, membranous glo-
merulonephritis, diabetic nephropathy, a small study
documented that in a substantial proportion of patients
with kidney disease stabilization with no further progress-
ive loss of renal function postoperatively was achieved
after gastric bypass operation [16]. This finding is con-
firmed by a retrospective study in patients with CKD 3 un-
dergoing bariatric surgery: after 12 months, the BMI and
blood pressure (BP) had decreased and the mean GFR
had even increased from 47.9 to 61.6 mL/min/1.73 m?
[17].

Blood pressure

The impact of weight loss on BP after bariatric surgery is
somewhat less consistent, but BP lowering has been
documented in many studies [18]. In one prospective
study (but not in all studies), the mean arterial pressure
decreased 12 months after RYGP or laparoscopic sleeve
gastrectomy in parallel with decrease in weight; BP de-
creased even more markedly in patients with impaired
renal function. Lower BP was also paralleled by less sys-
temic inflammation and improved renal function as as-
sessed by cystatin C [19].

Diabetes mellitus type 2

Bariatric surgery has recently been used with increasing
frequency in type 2 diabetes [20]. Apparently predia-
betic patients progress less frequently to overt diabetes
after bariatric surgery. In the USA, 22 693 persons un-
derwent bariatric surgery in 2003-2007; after 4-5 years
following bariatric surgery, the onset of type 2 diabetes
was less frequent, i.e. 14.6% in individuals with bariatric
surgery compared with 33% in matched controls [21].
Even in patients with overt type 2 diabetes and a BMI
<35 kg/m?, bariatric surgery reduced BMI and fasting
glucose; in addition, haemoglobin Alc (HbAlc) was de-
creased to values <7% in 84% of patients [22]. A ben-
eficial effect of bariatric surgery in type 2 diabetes
compared with the conventional medical therapy has
also recently been well documented in two large single-
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centre studies after both RYGP and biliopancreatic diver-
sion [23, 24].

The spectrum of issues raised by bariatric surgery in
type 2 diabetes has recently been discussed in depth by
Dixon et al. [20]. After RYGP and gastric banding weight
independent beneficial effects on diabetes have been
documented. One large nationwide long-term (10 years)
uncontrolled follow-up assessment of bariatric surgery in
diabetes documented lower morbidity and mortality,
specifically reduced Cardiovascular (CV) disease, cancer
(in women) and diabetes-related mortality [25, 26], but
controlled evidence is currently not available [20]. The
achieved beneficial effects go beyond what is explained
by weight loss per se; weight loss does play a role, but
additional factors, e.g. intestinal hormones, almost cer-
tainly play a role as well.

The comparison of bariatric surgery versus non-surgical
therapy in type 2 diabetic patients with BMI <35 kg/m?
by Serrot et al. [27] showed even in this group a decrease
of BMI (34.6 to 25.8 kg/mz) and of HbA1c (8.2 to 6.1%) in
contrast to non-surgical controls; changes in systolic BP or
low density lipoprotein cholesterol were not seen in either

group.

Adverse renal sequelae of bariatric surgery

Although sufficiently sized controlled studies are cur-
rently not yet available, there is no doubt that in non-dia-
betic individuals and type 2 diabetic patients (particularly
those with morbid obesity) bariatric surgery has become
an attractive therapeutic target. From a renal perspective,
bariatric surgery has beneficial effects with respect to al-
buminuria/proteinuria as well as GFR loss [28, 29] and to
a minor extent BP elevation. Major reduction of glycaemia
and complications can be achieved as well [20]. A most
impressive finding is the frequent observation in patients
with primary kidney disease that renal function loss is
progressively getting less.

Against these beneficial effects, one has to weigh
some relatively rare, but potentially severe, adverse renal
effects [30]. Recent insights into the underlying patho-
mechanisms are of interest because they may suggest
potential prophylactic measures to prevent the main
renal threats, i.e. oxalate nephrolithiasis and renal oxalo-
sis (which may eventually cause end-stage renal
disease). In addition, there are occasional further renal
side effects.

In the past, Thakar et al. had reported frequent occur-
rence of acute kidney injury (AKI) after gastric bypass
[31]; cases of AKI as a result of rhabdomyolysis had also
been reported [32]—but these complications had no
longer been reported in more recent large series.

Following bariatric surgery, early onset of encephalopa-
thy had been observed in cases of ornithine transcarba-
mylase deficiency, a rare genetic disease [33].

One initial concern had been the presumed adverse
renal impact of bariatric surgery on nonalcoholic fatty
liver disease; the risk of impaired renal function was
thought to be particularly high in these patients, because
such patients with a mild decrease in eGFR frequently
have also advanced inflammation [34]—but even in this
group, mortality was not increased at least during the
postoperative period [35].

Another concern after bariatric surgery, particularly in
patients with impaired renal function, is the potential
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aggravation of disturbed calcium metabolism and devel-
opment of hyperparathyroidism; the authors found that
without calcium supplementation, parathyroid hormone
increased and 25(0H)D decreased, so that after 1 year
15% had developed hyperparathyroidism; the authors
recommended universal calcium and vitamin D sup-
plementation [36].

Based on the follow-up of 813 patients, Schuster et al.
[37] documented that overall bariatric surgery does not
have a negative impact on renal function, at least in the
short term. After bariatric surgery, the main threat to
renal function is the high prevalence of hyperoxaluria
which had been identified in several early studies [38-43].
It has also been known for a long time that oxalate
excretion is particularly increased when dietary calcium
intake is low [44]. In the 1970s, when jejunoileal bypass
was still in vogue, nephrolithiasis was reported in no
<39% of patients after 15 years of follow-up [45]. In
2006, Encinosa et al. [46] reported that 3% of patients
developed renal stones in the first 180 days post-oper-
ation; 10-fold higher rates had been reported in patients
with a history of nephrolithiasis [47]. Such hyperoxaluria
tends to increase with time after surgery [41]. These find-
ings had led to the concern of an incoming epidemic of
oxalate stones [48]—but today it is clear that fortunately,
at least to some extent, prevention is possible (see
below).

Even in adult patients with no history of lithiasis, a sig-
nificant increase in oxalate excretion is seen after RYGB or
biliopancreatic diversion/duodenal switch when com-
pared with controls and even when compared with idio-
pathic stone formers [38]. The tendency to develop high
oxalate excretion rates prompted Ahmed and Byrne [28]
to point to the precarious balance after bariatric surgery
between benefit (mainly lower CV and diabetes risk) on
the one hand and increased hazard (hyperoxaluria,
oxalate nephrolithiasis, renal oxalosis) on the other hand.
Fortunately, observational studies suggest that in patients
after bariatric surgery, measures to prevent oxalate ne-
phrolithiasis and end-stage kidney failure from renal oxa-
losis are effective.

On the one hand, nephrolithiasis is a well-known com-
plication of obesity [49, 50]; but on the other hand, baria-
tric surgery nephrolithiasis is very frequent, presumably
even more frequent, as well [38, 45, 47, 48, 51].

Even more serious is oxalate nephropathy and poten-
tially its end-stage, i.e. chronic renal failure. This compli-
cation is less frequent than nephrolithiasis, but by no
means absolutely rare [43, 52-57].

Clearly, the lithogenicity of bariatric surgery is multifac-
torial [30], but this diversity also provides a spectrum of
preventive approaches. (i) Saponification of calcium as a
result of fat malabsorption reduces binding of oxalate by
calcium. (ii) In addition, increased bile salts in the colon
(as a result their decreased upstream absorption of bile
salts) increase the permeability of colon mucosa, thus
permitting oxalate to escape into the blood stream. (iii)
Finally, a finding in these patients is a potential target for
prevention: presumably as a result of frequent antibiotic
therapy [58-61], the colonization of the colon by oxalo-
bacter formigenes is often reduced. Consequently, it is
sensible in these patients to withhold unnecessary anti-
biotic treatment. Dog experiments clearly showed that
decreased enteric colonization with oxalobacter formi-
genes is a risk factor for urolithiasis in dogs [62]. Admin-
istration of oxalobacter reduced plasma oxalate
concentrations in children [63] and had no side effects
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when administered to patients with primary hyperoxalur-
ia [64]; the same was found in healthy subjects as well
[65]. (iv) Finally, vitamin C administration is another
potential cause of oxalate nephropathy [66] and this
should be avoided.

The injurious impact of oxalate on the kidney is further
illustrated by cases of hyperoxaluria, recurrent urolithiasis
and even systemic oxalosis in the absence of bariatric
surgery, i.e. in patients with no primary renal disease such
as liver transplantation [67], lung transplantation [68],
chronic pancreatitis [69], Crohn’s disease [70] or similar.

Conclusion

Bariatric surgery usually has a beneficial impact on renal
malfunction (proteinuria, glomerular filtration) in obese
patients and even in obese patients with primary kidney
disease. A major long-term risk, however, is increased
urinary oxalate excretion which may cause oxalate lithia-
sis or even renal oxalosis. Preventive measures are
advisable.
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