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Abstract

Background Nephrolithiasis as a feature of rheumatologic diseases is under recognized. Understanding presenting
features, diagnostic testing is crucial to proper management.

Case presentation A 32 year old woman with a history of recurrent complicated nephrolithiasis presented to a rheu-
matologist for a several month history of fatigue, dry eyes, dry mouth, arthralgias. She had a positive double-stranded
DNA, positive SSA and SSB antibodies. She was diagnosed with Systemic Lupus erythematosus (SLE) and Sjogren’s
syndrome and was started on mycophenalate mofetil. Of relevance was a visit to her local emergency room 4 years
earlier with profound weakness with unexplained marked hypokalemia and a non-anion gap metabolic acidosis.
Approximately one year after that episode she developed flank pain and nephrocalcinosis. She had multiple issues
over the ensuing years with stones and infections on both sides. Interventions included extracorporeal shockwave
lithotripsy as well as open lithotomy and eventual auto-transplantation of left kidney for recurrent ureteric stenosis.

24 h stone profile revealed marked hypocitraturia, normal urine calcium, normal urine oxalate and uric acid. She was
treated with potassium citrate. Mycophenolate was eventually stopped due to recurrent urinary tract infections and
she was started on Belimumab. Because of recurrent SLE flares, treatment was changed to Rituximab (every 6 months)
with clinical and serologic improvement. Her kidney stone frequency gradually improved and no further interventions
needed although she continued to require citrate repletion for hypocitraturia.

Conclusions Nephrolithiasis can be a prominent and even presenting feature in Sjogrens syndrome as well as other
rheumatologic diseases. Prompt recognition and understanding disease mechanisms is important for best therapeu-
tic interventions for kidney stone prevention as well as treatment of underlying bone mineral disease.
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Background

Rheumatologic conditions may not be initially considered
in the differential if the presenting features are kidney
stones or electrolyte abnormalities such as hypokalemia
or metabolic acidosis [1-5]. However these can be the
presenting manifestations of rheumatologic conditions
that predominantly affect the renal tubules rather than
the glomeruli [6-13].

Case presentation

A 32 year old presented for a rheumatologic evalua-
tion for a several month history of fatigue, dry eyes, dry
mouth, weight loss, alopecia, arthralgias and dyspnea on
exertion.

Review of medical records noted an unusual presen-
tation to her local emergency room 4 years earlier with
profound weakness where she was found to have marked
hypokalemia with serum potassium 1.4 milliequivalents
per liter. She also had a non-anion gap metabolic acido-
sis at that time with a serum bicarbonate of 12—14 mil-
liequivalents per liter and a urine pH of 7-8. Magnesium
level was normal. This episode was never explained but
was attributed to possible “occult” diarrheal illness even
though patient had denied diarrheal illness. The hypoka-
lemia resolved with potassium chloride supplementation
and she was maintained on potassium supplementation
for some time subsequently.

Approximately one year after this episode she started
having issues with flank pain and recurrent episodes of
nephrolithiasis. CT scan noted nephrocalcinosis ( Figs. 1
and 2).
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After her Rheumatology visit further work up included
a positive ANA and positive double-stranded DNA (ds
DNA) titer of 1:320. She also had a positive SSA and SSB.
Rheumatoid factor was elevated at 28. C-ANCA was
positive at 1:160 but specific PR 3 and MPO antibodies
were negative. Serum protein electrophoresis revealed
a polyclonal gammopathy. At that time her sedimenta-
tion rate was elevated at 50 mm/hr with a CRP that was
mildly elevated at 2.2 mg/dL. She was found to have
hypocomplementemia with a C3 level of 32 mg/dL and
a C4 of 2.1 mg/dL. Microalbumin to creatinine ratio was
within normal limits at 27 mg/g. Urinalysis revealed no
proteinuria, but microscopic hematuria was present with
3-5 nondysmorphic red blood cells/high power field but
no white blood cells or casts. A complete blood count
showed a white blood cell count at that time was 4.7 k/
mcL with a hemoglobin of 10.7 g/dL and a platelet count
of 251 k/mcL. Serum creatinine at that time was 0.9 mg/
dL with a potassium of 4.3 meq/L and a serum bicarbo-
nate level of 18 meq/L.

Following the above lab testing along with her clini-
cal symptomatology, she was given the diagnosis of
Systemic Lupus erythematosus (SLE) and Sjogren’s
syndrome. Mycophenolate was initiated at a dose of
500 mg twice a day and she was also given a pulse dose
of IV methylprednisolone and started on hydroxychlo-
roquine. She had modest improvement in her symp-
toms and mycophenolate was increased to 1000 mg
twice daily and was maintained on 8 mg of oral methyl-
prednisolone per day with subsequent improvement in
her symptoms. She also had improving sedimentation
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Fig. 1 CT scan of patientin 2017 noting large right sided stones, nephrocalcinosis and left renal atrophy and dilated renal pelvis attributed to prior

obstruction and surgical reimplantation of ureter done a few years earlier
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Fig. 2 CT scan of patient from 2021 noting persistent nephrocalcinosis but no large stones and progressive left atrophy

rate to 21 mm/hr and improving complement levels
with C4 level of 13 mg/dL and a C3 level of 98 mg/dL.
In addition, her double stranded DNA titer was declin-
ing. Hemoglobin had improved to 12.5 g/dL.

Because of the recurrent complicated nephrolithi-
asis, her rheumatologist also suggested a nephrology
evaluation. Nephrology assessment included normal
parathyroid hormone level ( 55 pg/ml, normal 11-68),
25 hydroxy Vitamin D was low at 18 ng/mL normal
30-100), 1,25 dihydroxy Vitamin D was normal range
at 59 pg/ml, normal 20-79). Urinalysis revealed no
proteinuria, some microscopic hematuria, variable
amounts of pyuria without cellular casts or dysmor-
phic hematuria, occasional calcium oxalate crystals
seen. 24 h stone profile revealed marked hypocitratu-
ria (75 mg/d, normal > 550) with normal urine calcium
(52 mg/d, normal less than 200), normal urine oxalate
(21 mg/d, normal 20-40) and uric acid (459 mg/d, nor-
mal < 750). Kidney stone analysis noted predominantly
calcium oxalate with a component of calcium phos-
phate. Bone density studies did not reveal any osteo-
penia or osteoporosis. After completion of 24 h urine,
she was treated with potassium citrate (20 Meq BID) to
replace her potassium chloride. Serum potassium levels
remained within normal range with supplementation.
Serum bicarbonate was intermittently low between 18
and21 meq/L, so additional sodium bicarbonate was
added to her regimen. Vitamin D repletion was initi-
ated. While there was initial concern about replacing
Vitamin D because of nephrolithiasis, stone profiles
documented low urine calcium which did not increase
after Vitamin D repletion.

She had multiple issues over the ensuing years with
stones and infections on both sides. Interventions
included extracorporeal shockwave lithotripsy as well
as open lithotomy and eventual auto-transplantation
of left kidney for recurrent ureteric stenosis. She
required over 20 interventions related to her renal
stones. There were intermittent episodes of acute kid-
ney injury related to obstruction and sometime associ-
ated infection. She developed some associated chronic
kidney disease with serum creatinine rising from
0.8 mg/dl to 1.3 mg/dl over an 8 year span.

Follow up urine examinations noted pyuria, non-dys-
morphic hematuria, no casts, protein quantification of
200-300 mg/ g creatinine with urine pH 6 to 6.5.

Mycophenolate was eventually stopped due to the
recurrent urinary tract infections and she was started
on Belimumab. This failed to control her SLE with
worsening symptoms and decreasing C4 and rising ds-
DNA, so mycophenolate was resumed and required
intermittent escalation in steroid dosing. Because of
recurrent SLE flares despite the mycophenolate, treat-
ment was changed to Rituximab (every 6 months) with
clinical and serologic improvement. Her kidney stone
frequency and severity gradually improved over time-
with less than one stone episode per year and no fur-
ther interventions needed although she continued to
require citrate repletion for hypocitraturia.

Patient comments: “" go ahead and use, my case. |
think it is wonderful, as long as it helps somebody else,
that would be great".
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Discussion and conclusions

Kidney stone formation and nephrocalcinosis

Kidney stones develop when dissolved salts in the urine
become solids. This occurs when salts exceed solubil-
ity ratios (Tables 1 and 2). This is called super saturation
[14-20]. Four different variables can lead to supersatu-
ration: (1) Low urine volume; (2) excess excretion of
solutes such as calcium, oxalate, or uric acid; (3) lack of
natural inhibitors of crystal formation, such as citrate or
magnesium; and (4) urine pH. Urine volume is the main
determinant of super saturation. In most kidney stone
formers, urine calcium and urine oxalate concentrations
are the main determinants of kidney stone formation
and contribute to calcium oxalate super saturation and
calcium oxalate stone formation [14—20]. Kidney stone
formation is dependent not only on the urine solute con-
centrations but also on urine pH, with alkaline urine pH
contributing to calcium phosphate super saturation and
acidic urine pH contributing to calcium oxalate and uric
acid supersaturation [18, 19]. Urine pH in turn is depend-
ent on renal acid handling. [19, 20]. Urine contains many
substances, most notably citrate, that hinder the forma-
tion of solid calcium oxalate and calcium phosphate.
Urine citrate reduces super saturation by binding calcium
and hence inhibits growth of calcium crystals. Hence,
deficient levels of urine citric acid can contribute to stone
formation irrespective of urine pH. Adequate amount of
urinary magnesium is also believed to inhibit calcium
oxalate formation by binding to urine oxalate.

Calcium oxalate stone formation correlates directly
with urine calcium and /or oxalate level and indirectly
with urine volume, pH and citrate. Normal urine citrate
level is greater than 350—-400 mg/day. [20]. Conventional

Table 1 Factors that lead to stone formation

Properties that lead to stone formation

Low urine volume (leads to increased concentration of available solutes)
Excess excretion of solutes (calcium, oxalate, uric acid)
Lack of crystal forming inhibitors (citrate, magnesium)

Urine pH changes (Alkaline leads to calcium phosphate supersaturation,
Acidic leads to calcium oxalate and uric acid supersaturation)
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upper limits of urine calcium for women is about 250 mg
per day and about 300 mg per day for men [20]. Patients
who exceed this level of urine calcium require further
diagnostic evaluation. This should include assessment of
serum calcium levels, parathyroid hormone levels, and
evaluation of 1, 25 dihydroxy vitamin-D (calcitriol) lev-
els [20, 21]. The upper limit for normal oxalate is around
40 mg/day. Patients with excess oxalate require a careful
assessment for fat malabsorption as well as careful die-
tary history for possible diet excess (including tea, spin-
ach, certain nuts, wheat germ, or vitamin C). (Table 2).

Patients may present with nephrocalcinosis and/or
nephrolithiasis. While these are distinct entities, there
is an underlying common mechanism. Nephrocalcinosis
refers to the diffuse precipitation of calcium salts within
the tubular epithelium and interstitial tissue of the kid-
ney [20]. This generally involves the medulla and can be
detectable by ultrasound or CT scan. Nephrolithiasis
refers to kidney stones that are larger and generally vis-
ible on plain radiographs, ultrasounds and CT scans [20].
Both nephrolithiasis and nephrocalcinosis frequently
evolve from the metabolic abnormalities described
above. Those abnormalities can include hypercalciuria,
hyperoxalauria or hypocitraturia and/or defects in uri-
nary acidification.

The vast majority of calcium oxalate stone formers do
not have any systemic disease and are described as idi-
opathic stone formers. The defect is often hypercalciuria,
although the genetic mechanisms can vary [21, 22]. Some
stone formers are discovered to have primary hyperpar-
athyroidism where PTH excess leads to increased bone
resorption as well as increased synthesis of calcitriol
which increases intestinal calcium absorption which
in turn leads to increased filtered load of calcium at the
kidney. Others may have dietary issues or underlying
bowel condition. Malabsorption of fatty acids or bile salts
such as in Crohn’s disease or after gastric bypass leads to
increased colonic intestinal oxalate absorption that con-
tributes to excess urine oxalate [20]. Those with primary
bowel disorders are labeled as having enteric hyperoxalu-
ria. Those patients found to have excess calcitriol levels
need a careful consideration for the possibility of under-
lying sarcoidosis, although this can sometimes be the
phenotype of genetic hypercalciuria.

Table 2 Recommended lab workup for patients with recurrent kidney stone

Laboratory workup for recurrent kidney stones

Serum electrolytes (helps to identify underlying hyperparathyroidism, hyperuricemia and RTA)

Urine composition, two separate 24 h urine collections with patients on their usual diet, fluid intake and physical activity (assess urine volume, calcium,

uric acid, citrate, oxalate, creatinine, pH and sodium

Radiography if not yet performed (degree of radiopacity may suggest type of stone present)
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Damage from antibodies against potassium and
hydrogen transporters

Impaired hydrogen ion secretion

Urine citrate reabsorbed to buffer systemic acidosis

Less citrate in urine to inhibit stone formation

Calcium oxalate stones formed (calcium phosphate
stones can also form due to increased urine pH)

Fig. 3 Sjogrens disease mechanism leading to stone formation

Nephrolithiasis and sjogrens

While hypercalciuria is the driving factor in most idi-
opathic kidney stone formers, it may not be the driving
factor in patients with rheumatologic diseases (other
than sarcoidosis) [23, 24]. Patients with autoimmune
conditions can develop antibodies directed against tubu-
lar transporters of potassium and hydrogen ion that can
first present as marked hypokalemia and non-anion gap
metabolic acidosis [11]. Over time this leads to nephroc-
alcinosis based on alterations in urine pH. However some
of these patients are actually also discovered to develop
hypercalciuria, for mechanisms discussed below.

The exact mechanisms of development of these tubu-
lar abnormalities in patients with Sjogren’s or other auto-
immune conditions is not well understood, but most
reported cases have had antibodies in the systemic cir-
culation typical of Sjogren’s syndrome with positive anti-
bodies to SSA and SSB [1-3, 11, 25, 26] (Fig. 3). As there
can be often overlap and coexistence of Sjogren’s with
systemic lupus erythematosis many patients with these
type of stones can have features of both disorders, as was
the case in our patient. Renal biopsy is rarely performed,
but in cases where done, showed tubular interstitial lym-
phoplasmacytic infiltrates as well as fibrosis [6, 10]. Typi-
cally, urine pH is 6.5 or above and most start out with
hypocitraturia rather than hypercalciuria [25, 26]. The
kidney stones are composed of predominately calcium
oxalate but can be mixed with calcium phosphate present
as well.

There have been numerous case reports or case series
outlining the occurrence of nephrolithiasis or nephro-
calcinosis with Sjogren’s disease. There have been at
least 15 publications since 1991 (27-41). The incidence
of nephrolithiasis or nephrocalcinosis in case series of
renal manifestations of Sjogren’s has been reported to

Page 5 of 10

range from 7 to 40% [27-29, 31, 41]. Some cases have
even noted nephrocalcinosis as the presenting manifesta-
tion [40]. The unifying feature in all cases is renal tubular
acidosis. Some cases have noted coexistence with other
rheumatologic diseases such as lupus [37].

The renal tubular acidosis is described as type 1 RTA
that is an acquired defect [25, 26]. The cause of the
hypocitraturia is due to increased tubular re-absorption
of the filtered citrate in response to the systemic acidosis.
Hypokalemia is often the original presenting feature pre-
sumably due to antibody mediated impairment of potas-
sium reabsorption [9]. Some cases are so severe that they
present with flaccid paralysis related to the hypokalemia
[13]. The hypokalemia is often self-limited while the aci-
dosis persists and is later followed by nephrocalcino-
sis and nephrolithiasis as well as bone demineralization
[26-28].

There are several key ion transporter proteins through-
out the kidney tubules important in hydrogen ion secre-
tion and bicarbonate regeneration. These include the
chloride- bicarbonate exchanger (AEl), Hydrogen
ATPase, intracellular carbonic anhydrase, and Potassium
ATPase in the intercalated cells in the distal tubule [25].
These can be hereditary conditions or can be acquired.
One of the most common acquired forms of defects in
one of these transporters is Sjogren’s syndrome [25, 26].
Defects in any of these areas are associated with type 1
distal renal tubular acidosis. There have been reports of
autoantibodies to carbonic anhydrase and one report that
involved a kidney biopsy showed the absence of hydrogen
ATPase in the distal tubules of a patient with Sjogren’s
syndrome and distal RTA [26]. However this does not
rule out antibody mediated defects in some of the other
transporters. The original defect may be impaired hydro-
gen secretion. When there is inability to secrete hydro-
gen ion into the tubular lumen this results in significant
hypokalemia, as potassium is now the only cation that
can be exchanged in the distal tubule when sodium is
reabsorbed. This leads to renal potassium wasting. In
turn there is development of nephrocalcinosis and neph-
rolithiasis. This is in part related to hypocitraturia, as
citric acid is avidly re-absorbed in the proximal tubule
to help buffer systemic acidosis. The absence of citrate in
the urine provides nothing to stabilize and prevent cal-
cium oxalate precipitation.

Connection to bone disease

In addition, over time, there can be development of
hypercalciuria and hyperphosphaturia as both calcium
and phosphorus are leeched from the bones, as the bone
serves as the major buffer source for systemic acidosis
[26, 44—46]. In addition, the alkaline urine pH further
contributes to calcium phosphate precipitation [14-17].
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This chronic acidosis hence contributes to bone dissolu-
tion and osteomalacia.

Calcium carbonate stores in bone are the main source
of available bicarbonate buffer during systemic acidosis.
Acid induced dissolution of bone apatite leads to osteo-
malacia [44—46]. Furthermore, chronic urinary calcium
losses can also lead to bone demineralization with result-
ant decreased bone mineral density and osteoporosis
[43-46]. This can have serious implications for bone
health especially as most patients are also at increased
risk of premature osteoporosis due to corticosteroid
exposure.

Treatment: sjogrens associated acquired RTA

Disease remitting agents for Sjogrens may be able to
decrease the antibody production that had triggered the
initial defect if the process has not already led to tubu-
lar damage and renal tubular fibrosis [3]. For the neph-
rolithiasis, key treatment strategies include replacement
of urinary citrate with potassium citrate and correction
of systemic acidosis with oral potassium citrate and/or
sodium bicarbonate [1-3] (Tables 2 and 3). In most cases
potassium citrate is preferred as sodium bicarbonate or
sodium citrate repletion can trigger increase urine cal-
cium excretion [14—17]. Follow up of 24 h urine values
a few months after initiating or adjusting therapy are
appropriate to ensure citrate is replete and to assess for
the possibility of co- occurrence of hypercalciuria that
might also need to be treated with agents such as thiazide
diuretics to reabsorb urine calcium [14-16]. If thiazide
diuretics are used, additional potassium supplementation
may also be required to offset urinary potassium losses.
It is also important to address the underlying disease
process.

Nephrolithiasis and sarcoidosis
Renal calculi have been reported to occur in about
10-20% of patients with chronic sarcoidosis. Other
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Pulmonary macrophages express 1alpah hydroxylase
resistant to negative feedback

Increased conversion of 25 hydroxy Vit D to 1,25 hydroxy
Vit D (calcitriol)

Increased calcium absoprtion from gut and osteoclast
acitivty

Hypercalciuria from increased calcium load filtered in
glomeruli

Increased risk for stone formation

Fig. 4 Sarcoidosis disease mechanism leading to stone formation

studies report, the incidence of nephrolithiasis is variable
with a range ranged between 6 and 12% [23, 24]. There
appears to be a predilection for stones in Caucasian male
with peak incidence between 40 to 60 years of age. The
pathophysiology of nephrocalcinosis appears to revolve
primarily around serum calcium and vitamin-D metab-
olism (Fig. 4). The activated pulmonary macrophages in
sarcoid granulomas express 1 alpha hydroxylase which
is resistant to the normal negative feedback mechanism
when hypercalcemia develops. As a result of this autono-
mous activity, 25 hydroxy Vitamin D is metabolized into
the much more biologically active calcitriol (1,25 dihy-
droxy Vitamin D). Increased amounts of Calcitriol then
lead to increased intestinal absorption of calcium in addi-
tion to activating osteoclasts. This leads to hypercalciu-
ria from the increased calcium load filtered at the level
of glomeruli along with suppression of PTH which would
normally increase tubular reabsorption of calcium.

In about 1% of cases, nephrolithiasis is the initial mani-
festation of sarcoidosis [2, 23]. An additional 2.7% of
patients were found to have asymptomatic stones when
sarcoidosis was diagnosed otherwise. Less than 5% with

Table 3 Treatment options for stones in each condition other than treating underlying condition

Sodium Thiazides

bicarbonate/citrate

Potassium citrate

Vitamin D Dietary changes Others

Sjogren’s  Repletes potas- Can be used to If there is underly-
sium and corrects correct acidosis, may  ing hypercalciuria
acidosis trigger increase urine  (potassium supple-
calcium excretion mentation may be
needed)
Sarcoidosis Avoid (can aggravate Avoid (can aggravate Ketoconazole (off label
underlying condi- underlying condi- use)
tion) tion)
IBD Can be considered Low oxalate, low fat  Calcium supplements,

in ileostomy patients
with bicarbonate loss

diet. Increase citrus
fruits

pyridoxine, magne-
sium
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sarcoidosis will developed nephrocalcinosis, but can lead
to progressive chronic kidney disease [23].

Treatment: Sarcoidosis

Treatment of the nephrolithiasis in sarcoidosis involves
treatment of the underlying disease with corticoster-
oids along with adequate fluid intake [22, 23]. Refractory
patients could be considered for treatment of medica-
tions that inhibit cytochrome P 450, as alpha hydroxylase
excess activity in the macrophages from granulomas is
a cytochrome p 450 dependent enzyme. This is some-
what analogous to that in some genetic hypercalciuric
stone forms, where one of the enzyme defects involves
CYP24A1. [47-49] (Fig. 4). However, these are off label
use of medications (such as ketoconazole) and can have
other side effects and are not part of the usual therapeutic
approach. Vitamin D repletion is not appropriate in these
patients as the defect is excess endogenous conversion to
the active form, calcitriol [47-49]. While most idiopathic
hypercalciuric patients benefit from treatment with thi-
azide diuretics to reabsorb urine calcium, this strategy
is not typically used in sarcoidosis as this can aggravate
underlying hypercalcemia [14-16].

Nephrolithiasis and inflammatory bowel disease (IBD)

Crohn’s disease and Ulcerative Colitis are systemic dis-
eases that can have extraintestinal manifestations in 6
to 20% of cases [50]. These manifestations often lead
to rheumatologic care and can include uveitis, iritis,
ankylosing spondylitis, pyoderma gangrenosum, and
erythema nodosum [50]. Nephrolithiasis is also more
common in patients with IBD than in the general popula-
tion, as high as 9-18%, especially those with Crohn’s dis-
ease (51.52) ( Fig. 5). The types of stones can be calcium
oxalate, uric acid or mixed stones. In IBD, hypercalciu-
ria itself is rare, unless an underlying genetic defect or in
cases of excess Vitamin D repletion [37]. Risk factors for
kidney stone formation in Crohn’s disease include the fol-
lowing: (1) malabsorption of fatty acids/bile salts. Excess
fatty acid bile salt presence binds intraluminal intesti-
nal calcium. This leads to less insoluble calcium excre-
tion in the stool and hence less calcium to bind oxalate.
This in turn leads to higher oxalate absorption from the
colon and increase in oxalate in the systemic circulation
and hence the urine. This mechanism does not occur if
colon is surgically absent. (2) A second important mecha-
nism is lack of natural inhibitors of stone formation- less
urinary citrate and magnesium due to gastrointestinal
losses. (3) Chronic diarrheal illness also leads to chronic
volume depletion and low urine volume with increased
risk of super saturation of all salts. (4) In patients with
ileostomy there are large losses of bicarbonate that leads
to chronic systemic acidosis and acidic urine pH. This
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Excess fatty acids bind intraluminal calcium

Increased oxalate absorption due to lack of intraluminal calcium

Presence of Oxalobacter fromigenes, an oxalate fermenting bacteria in gut

|¢

Hyperoxaluria from increased systemic levels of oxalate

Loss of bicarbonate in
patients with an ileostomy

Low urine volume from
chronic diarrheal state

A 4

Lack of citrate and
magnesium due to Gl losses

Formation of calcium oxalate, uric acid or mixed stones

Fig. 5 IBD disease mechanism leading to stone formation

acidic urine pH and low urine volume increases risk of
uric acid and calcium oxalate stone risk. (5) Finally, there
may also be lower levels of the oxalate fermenting bacte-
ria, Oxalobacter Fromigenes, contributing to increase in
intestinal oxalate availability [51-54]. Patients with ulcer-
ative colitis have increased risk of uric acid and calcium
oxalate stones, especially with ileostomy, due to low urine
volume, low urine pH but do not have the increase urine
oxalate typical of Crohn’s patients [51-54].

Treatment of stones in IBD

Mainstay of treatment in all is to increase fluid intake
as much as possible to achieve urine volume above 2 L.
In those with enteric hyperoxaluria a low oxalate diet is
important. Low oxalate diet involves avoiding spinach,
rhubarb, almonds, cashews, peanuts, cocoa powder, bran
cereal, wheat germ, Swiss chard, beets and vitamin C
[51, 55, 56]. Low fat diet is also appropriate to decrease
intestinal calcium binding. In those with hyperoxalu-
ria, it is also beneficial to use calcium supplements with
meals to bind oxalate in the gut and prevent absorption
[51, 55, 56]. Dietary calcium of 800-1200 mg daily is sug-
gested [5-51, 51-58]. Use of pyridoxine (vitamin B6)
may also be associated with lower urine levels of oxa-
late and decreased risk of stone formation [56, 59]. The
enzyme (alanine glycoxylate aminotransferase) that con-
verts systemic glycoxylate to glycine instead of oxalate is
dependent on pyridoxine as a cofactor. Hence pyridoxine
deficiency can be associated with increase conversion of
glycoxylate to oxalate. Recommended pyridoxine dose is
approximately 100 mg daily [56, 59]. Magnesium reple-
tion is also suggested in cases of magnesium deficiency
as magnesium can also serve to bind urine oxalate and
inhibit calcium oxalate formation [52]. In those with low
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urine citrate, increased intake of fruits and vegetables
(excluding those with high oxalate content) especially
citrus fruits is beneficial. Use of citrate or alkalinizing
agents (such as bicarbonate) to achieve a target urine pH
of greater than 6.5 [51, 53, 55]. Uric acid stones may even
dissolve with alkalinzation of the urine [14-17]. Use of
xanthine oxidase inhibitors such as allopurinol or febux-
ostat are seldom indicated unless there is associated con-
dition such as gout where there is overproduction and
significant hyperuricosuria (greater than 900 mg uric
acid per day) or if uric acid stones recur despite the other
maneuvers to increase urine pH and volume [14-17].

Treatment of bone mineral axis

It is appropriate to assess bone mineral density. While
treatment with calcium supplements can potentially
aggravate the stone risk in some cases [58], due to
increased risk of GI absorption, increase in dietary cal-
cium is appropriate to 800 to 1200 mg daily [55-58].
In fact, diets low in calcium can actually increase stone
risk by increasing risk of excess urine oxalate, as intes-
tinal calcium helps to bind oxalate in the intestine and
prevent excess oxalate absorption [14—17, 58]. Further-
more, in cases of fat malabsorption such as with Crohn’s
disease, calcium supplements with meals will increase
oxalate binding with calcium in the intestine to prevent
excess oxalate absorption. Most patients will benefit from
vitamin D repletion as long as there is not an associated
genetic or acquired predisposition to idiopathic hyper-
calciuria, as in sarcoidosis. If vitamin D is supplemented,
it is prudent to reassess urinary calcium excretion with
either 24 h urine or random urine calcium to creatinine
ratios. If patients are found to have hypercalciuria, treat-
ment with a thiazide type diuretic may be used to trig-
ger increased renal reabsorption of calcium [14-17]. As
this can trigger urinary potassium loss, this may require
increase use of potassium supplementation. Other mech-
anisms to stabilize bone may include bisphosphonate
use (avoid if GFR <30) or denosumab [60-62]. In severe
cases, teriparatide may be considered if not contraindi-
cated by degree of kidney failure [62].

Conclusion

As in our case illustration, Sjogren’s disease can present
with severe non-anion gap metabolic acidosis related to
a defect in one of the hydrogen transport mechanisms
in the distal tubule, presumed to be antibody mediated.
This then leads to obligate renal potassium wasting as
only potassium can be exchanged in the distal tubule
when sodium is reabsorbed. These patients can present
with profound muscle weakness due to hypokalemia
and also have non anion gap metabolic acidosis, as in
our patient. The cause of the hypokalemia and acidosis
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can remain elusive as other overt manifestations of
Sjogrens may not be clinically apparent for months to
years. These changes will eventually lead to nephro-
calcinosis and nephrolithiasis due to hypocitraturia
and inability to stabilize urinary calcium which leads
to calcium oxalate supersaturation. Over time, hyper-
calciuria and hyperphosphaturia can develop as well as
potential for bone to become demineralized as a source
of alkali to offset the systemic acidosis. The alkaline
urine pH further contributes to calcium phosphate pre-
cipitation. In addition over time, this systemic acidosis
and bone demineralization can result in osteoporosis
and increased fracture risk.

Other rheumatologic conditions with important
potential manifestations of nephrolithiasis include the
vitamin D mediated hypercalciuria in sarcoidosis and
the low urine volume, low urine pH, hypocitraturia,
and potential hyperoxaluria in IBD with increased risk
of both calcium and uric acid stones.

In summary, patients presenting with recurrent
nephrolithiasis can have underlying rheumatologic
conditions that should be considered in the evaluation.
In the case of Sjogrens (which can coexist with systemic
lupus), the presentation can include hypokalemia and
metabolic acidosis and is characterized by hypocitra-
turia and eventually hypercalciuria. In the case of sar-
coidosis the presentation can include hypercalcemia
and is associated with hypercalciuria. In the case of
IBD there is often associated hypovolemia, hypocitra-
turia, hyperuricosuria or hyperoxaluria when there
is significant malabsorption (when there is an intact
colon). Prompt recognition, assessment of risks and
implementation of treatment could potentially serve as
prevention of these sequelae.
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