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Abstract

Rationale: Renal tubular acidosis (RTA) is a cause of non-anion gap metabolic acidosis (NAGMA) that is infrequently
diagnosed and is due to various underlying etiologies that impair the kidney’s ability to retain bicarbonate or excrete acid.
Ibuprofen is an over-the-counter non-steroidal anti-inflammatory medication that is used by patients widely for a variety of
reasons. Although it is well known that ibuprofen and other non-steroidal anti-inflammatory drugs may have nephrotoxic
effects, the role of ibuprofen as a cause of RTA and hypokalemia is not well recognized.

Presenting Concerns: A 66-year-old man with chemotherapy-treated lymphoma in remission and ongoing heavy ibuprofen
use for chronic pain presented to hospital with a |-week history of increasing lethargy and otherwise unremarkable review
of systems. Investigations showed acute kidney injury, hypokalemia, hyperchloremia, and NAGMA with elevated urinary pH
and positive urine anion gap.

Diagnoses: The final diagnosis of distal RTA secondary to ibuprofen was made after ruling out gastrointestinal bicarbonate
loss and additional secondary causes of RTA, including other medications, autoimmune conditions, and obstructive uropathy.
Interventions: The patient was admitted and treated with intravenous sodium bicarbonate for 24 hours with correction of
hypokalemia via oral supplementation. His ibuprofen-containing medication was discontinued.

Outcomes: His acute kidney injury and electrolyte abnormalities resolved within 48 hours of initiating treatment with
concurrent resolution of his lethargy. He was discharged home and advised to stop taking ibuprofen.

Lessons Learned: We report a case of patient with hypokalemia and NAGMA secondary to ibuprofen and highlight the
importance of monitoring for this side effect in patients taking ibuprofen.

Abrégé

Justification: L’acidose tubulaire rénale (ATR) est une cause d’acidose métabolique a trou non anionique (AMTNA) qui est
rarement diagnostiquée. L’ATR est attribuable a diverses étiologies sous-jacentes qui altérent la capacité du rein a retenir le
bicarbonate ou a excréter I'acide. L’'ibuproféne est un anti-inflammatoire non stéroidien en vente libre, ce médicament est
largement utilisé par les patients pour diverses raisons. Bien qu’on sache que I'ibuproféne et d’autres anti-inflammatoires non
stéroidiens (AINS) peuvent avoir des effets néphrotoxiques, le réle de I'ibuproféne en tant que cause d’ATR et d’hypokaliémie
n’est pas bien reconnu.

Présentation du cas: Un homme 4gé de 66 ans en rémission d’'un lymphome ayant été traité par chimiothérapie s’est
présenté a I'hopital aprés une semaine de léthargie croissante. Le patient prenait beaucoup d’ibuproféne pour soulager ses
douleurs chroniques. La revue des systémes était par ailleurs sans particularités. Les examens ont révélé une insuffisance
rénale aigué, une hypokaliémie, une hyperchlorémie et une AMTNA avec un pH urinaire élevé et un trou anionique urinaire
positif.

Diagnostic: Le diagnostic final d’acidose rénale tubulaire distale secondaire a la prise d’ibuprofene a été posé apres avoir
écarté une perte de bicarbonate au niveau gastro-intestinal et des causes secondaires additionnelles ’ATR, comme la prise
d’autres médicaments, des maladies auto-immunes et une uropathie obstructive.

Interventions: Le patient a été admis et a recu une perfusion intraveineuse de bicarbonate de sodium pendant 24 heures
avec correction de I'hypokaliémie par supplémentation orale. Le médicament contenant de I'ibuproféne a été arrété.
Résultats: L’insuffisance rénale aigué et les anomalies électrolytiques se sont résorbées dans les 48 heures suivant le début
du traitement, tout comme la léthargie. Le patient a obtenu son congé de I'hépital avec la recommandation de cesser la prise
d’ibuproféne.
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Enseignements tirés: Nous rapportons le cas d’un patient présentant une hypokaliémie et une AMTNA secondaire a
la prise d’ibuproféne et nous soulignons I'importance de surveiller cet effet secondaire chez les patients qui prennent de

libuprofene.
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What was known before

Non-steroidal anti-inflammatory drugs such as ibuprofen
have known nephrotoxic effects and have been reported to be
a rare cause of renal tubular acidosis.

What this adds

We report a case of a patient with hypokalemia and acidosis
secondary to heavy over-the-counter ibuprofen use and high-
light the importance of monitoring for this side effect in
patients taking ibuprofen.

Introduction

Non-anion gap metabolic acidosis (NAGMA) is typically
due to renal or external wasting of bicarbonate. The inability
to properly acidify the urine is seen in certain forms of renal
tubular acidosis (RTA) with various etiologies, including
medications.

Presenting Concerns

A 66-year-old man presented to hospital on day 0 (Figure 1)
with a week of increasing lethargy and confusion. His medi-
cal profile was notable for diffuse large B-cell lymphoma
diagnosed 18 months prior and treated with 6 cycles of ritux-
imab, cyclophosphamide, hydroxydaunorubicin hydrochlo-
ride, vincristine, prednisone chemotherapy with recent
imaging showing no evidence of recurrent/persistent disease.
He had a history of chronic pain from lumbar degenerative
disk disease.

The patient was admitted to hospital 5 months prior for
persistent diarrhea where he was found to have mixed anion
gap metabolic acidosis and NAGMA with decreased level of
consciousness requiring intubation and intensive care admis-
sion. His presentation was felt to be due to starvation keto-
acidemia with coexisting diarrhea-associated NAGMA, and
he improved with supportive management.

Further history revealed he had been using tablets con-
taining ibuprofen 200 mg—methocarbamol 500 mg per tab-
let (Robax Platinum) to treat his chronic back pain with 80
tablets used the month prior. Interestingly, his frequent use of
ibuprofen-methocarbamol started just before his previous
admission to hospital. His other medications were cetirizine

and vitamins. He denied the use of illicit substances or herbal
supplements. He denied having recent diarrhea or emesis.

Clinical Findings

Physical examination revealed blood pressure 130/70 mm
Hg, heart rate 70 beats per minute, oxygen saturation 95% on
room air, and respiratory rate 20 breaths per minute. He was
afebrile, alert, oriented, but appeared lethargic. There was no
evidence of pedal edema, and his mucosal membranes were
dry. The remainder of his cardiovascular, abdominal, and
skin examinations were unremarkable.

Diagnostic Focus and Assessment

Most recent outpatient bloodwork from 3 months prior
showed normal electrolytes and renal function (serum creati-
nine 91 umol/L with estimated glomerular filtration rate 76
mL/min/1.73 m?). He now had hypokalemia (3.2 mmol/L),
hyperchloremia (119 mmol/L), acidemia with bicarbonate of
9 mmol/L, and venous blood gas showing pH of 6.97. His
anion gap was calculated to be 15 (with serum albumin
38 g/L) with a delta-delta ratio ([anion gap-12]/[24-serum
bicarbonate]) of 0.2, suggesting coexisting NAGMA. His
serum beta-hydroxybutyrate was mildly elevated (0.4
mmol/L) and urinalysis revealed urine pH of 5.5 with 1.0
proteins but otherwise unremarkable. His serum creatinine
was elevated at 144 umol/L from baseline.

His urine electrolytes drawn before any management
showed urine sodium of 33 mmol/L, potassium 37.5 mmol/L,
and chloride 51 mmol/L with urine anion gap of 20 mmol/L.
With these values and presumed negligible urine glucose
given his urinalysis, his calculated urine osmolality was 459
mmol/kg. Using a measured urine osmolality of 401 mmol/
kg, his urine osmolar gap was 58 mmol/kg. Using a mea-
sured serum and urine osmolality of 312 and 401 mmol/kg,
respectively, his transtubular potassium gradient (TTKG)
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Date

Day —-153

Day —-134

Day -8

Day O

Day 2

Day 4

Admitted to hospital for malaise and persistent diarrhea, found to have mixed anion metabolic

down to wards. Had started ibuprofen containing medication for chronic pain few days prior.

supportive management.

Onset of symptoms of lethargy.

potassium supplementation. Ibuprofen-containing medication stopped.

initiating treatment.

Clinical event

acidosis and NAGMA. Brief ICU admission for decreased LOC requiring intubation then stepped

Discharged from hospital after resolution of symptoms and metabolic derangements with

Presented to ED with progressive lethargy and confusion. Found to have showed acute kidney
injury, hypokalemia, hyperchloremia and NAGMA with elevated urinary pH and positive urine
anion gap. Admitted to medicine and treated with IV sodium bicarbonate x24 hours and oral

Resolution of acute kidney injury, electrolyte abnormalities, and lethargy within 48 hours of

Discharged home from hospital.

Figure |. Timeline of relevant clinical events, starting prior to patient’s presentation to hospital and ending at discharge.
Note. NAGMA = non-anion gap metabolic acidosis; ICU = intensive care unit; LOC = level of consciousness; ED = emergency department.

| seumA) | Urine(28) | VenousBloodGas(2)
Sodium (mmol/L) 139 Sodium (mmol/L) 33 pH 6.97 (7.31-7.41)
Potassium (mmol/L) 3.2(3.5-5.0) Potassium (mmol/L) 37.5 | pCO2 (mmHg) 36 (5.5-6.8)
Chloride (mmol/L) 115 (97-105) Chioride (mmol/L) 51 HCO3 (mmol/L) 8.3 (23-29)
Magnesium (mmol/L) 0.90 Creatinine (umol/L) 7.5 Potas§|um (mmol/L) 3.2 (3.5-5.0)
Phosphate (mmol/L) 0.49 (0.87-1.55) | Osmol (mmol/kg) ~ 401 | Chloride (mmol/L) — 119(97-105)
BOHB (mmol/L) 0.4 (<0.4) Urea (mmol/L) 31g | (Calcium (mmol/L)  1.38
Creatinine (umol/L) 144 (53-106) bH (UA) 55 | Aniongap 14
Urea (mmol/L) 19.5 (3.6-7.1) Lactate (mmol/L) 1
Serum osmol (mmol/kg) 312 (285-295) Glucose (UA) Neg | Glucose (mmol/L) 5.8

Figure 2. Laboratory values at presentation.

Note. 2A—serum metabolic panel; 2B—urine metabolic panel; 2C—venous blood gas panel.

was 9. His urine potassium-creatinine ratio was 5.0. Overall,
these studies suggested impairment in renal ammonium
excretion and renal potassium wasting. We do acknowledge
that recent literature has been contentious regarding the use
of TTKG.! A comprehensive list of his initial laboratory
measurements is given in Figure 2.

Workup for other potential causes of RTA included
extractable nuclear antigen antibody panel, anti-nuclear
antibody panel, serum electrophoresis, and serum calcium
levels, which were benign. Thorough medication review
did not reveal any other potential culprit agents for RTA.

Although lymphoma may invade the kidneys and cause
proximal tubular dysfunction, our patient did not have aci-
demia prior to ibuprofen use and was stable from a lym-
phoma perspective since his initial treatment. While
cyclophosphamide can also cause proximal tubular dys-
function,! the lack of glucosuria and normal serum urate
(355 umol/L) suggested otherwise. He had no recent diar-
rhea. Given his hypokalemic NAGMA in the setting of
heavy ibuprofen-methocarbamol use with no other identifi-
able causes, we felt his NAGMA was most likely secondary
to ibuprofen use.
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Therapeutic Focus and Assessment

He was administered an intravenous infusion of 150 mEq
sodium bicarbonate in 1 L of DSW at 100 mL/h for 24 to 48
hours with 40 mEq of oral potassium chloride daily for hypo-
kalemia. His ibuprofen-methocarbamol was discontinued.

Follow-up and Outcomes

His acute kidney injury resolved within 24 hours with serum
creatinine returning to 96 mmol/L. Within 48 hours, his
serum bicarbonate normalized to 22 mmol/L and his hypoka-
lemia resolved. He was monitored in hospital for another 2
days with no recurrence of his hypokalemia or acidemia. On
discharge, he was advised to stop taking ibuprofen going for-
ward. Four months after discharge, his lab work demon-
strated resolution of the acidemia and hyperkalemia with
sodium of 144 mmol/L, potassium of 4.7 mmol/L, and bicar-
bonate of 22 mmol/L.

Discussion

We report a case of a patient who developed impairment in
renal acidification in the context of significant ibuprofen use.
Further workup revealed he had developed a hypokalemic
RTA without any evidence of gastrointestinal bicarbonate
loss or another cause of RTA. This case supports a diagnosis
of RTA due to ibuprofen-induced carbonic anhydrase II
(CAII) inhibition.

Broadly speaking, RTA can be divided into proximal
(type II) versus distal RTA (type I) versus hypoaldosteron-
ism (type IV). Proximal RTA results from bicarbonate wast-
ing in proximal tubule and can be due to Fanconi syndrome,
carbonic anhydrase inhibitors such as acetazolamide, and
genetic bicarbonate reabsorption abnormalities among
other etiologies.? Distal RTA is the result of impaired distal
acidification of urine and is suggested by the presence of
NAGMA with concurrent positive urine anion gap and low
(<150 mosm/kg) urine osmolar gap, which suggests an
abnormally low urine ammonium. The urine anion gap and
osmolar gap indirectly measure the urine ammonium.
During acidemia, urinary ammonium should be elevated as
the acid load is being renally excreted. Etiologies for distal
RTA are diverse and can be mechanistically distinguished
based on whether they involve the apical epithelial sodium
channel (eNAC) transporter (eg, dehydration), distal alpha
intercalated cells (eg, Sjogren’s syndrome), tubulotoxicity
(eg, liposomal amphotericin-B), or impairment of carbonic
anhydrase.>’ Type IV RTA is associated with hypoaldoste-
ronism and is seen with diabetes mellitus (hyporeninemic
hypoaldosteronism) or primary hyperaldosteronism usually
in children.*>

Renal tubular acidosis can also be subclassified based on
etiologies that present with hypokalemia versus hyperkalemia.

Proximal RTA occurs with hypokalemia and can be due to
decreased sodium absorption in the proximal tubules*> lead-
ing to enhanced effects of aldosterone in the distal tubule to
reabsorb sodium and excrete potassium. Type IV RTA is
associated with hyperkalemia due to hypoaldosteronism.*
Distal RTA can be associated with hyperkalemia or hypoka-
lemia. When the eNAC channel is inhibited from creating a
transcellular voltage gradient, such as with lithium use,
obstructive uropathy,” and lupus nephritis,® hyperkalemia
ensues from impairment in distal tubular potassium excre-
tion. Hypokalemia is seen with other subtypes of distal RTA.
A more comprehensive list of causes of RTA can be found in
Table 1.

Our patient presented with hypokalemic RTA which
narrowed the differential into proximal or certain sub-
types of distal RTA. Calculation of the TTKG® can help
assess whether the kidneys are implicated. In this case, the
TTKG was greater than 3, which, in the context of hypo-
kalemia, suggests renal potassium wasting and RTA
pathophysiology.

Ibuprofen has been previously linked to hypokalemia
and RTA.'“"> A recent systematic review'? found 50
reported cases of patients with profound hypokalemia and/
or acidosis after ibuprofen use and most cases had evi-
dence of impaired urinary acidification or renal potassium
wasting. Notably, this review found 3 lethal cases and that
hypokalemia and acidemia were also seen at doses gener-
ally regarded as safe (<40 mg/kg of body weight). The
mechanism of ibuprofen-induced RTA relates to inhibition
of CAIL!'6-%° Carbonic anhydrase Il is an enzyme found in
both proximal and distal tubules and catalyzes the conver-
sion of carbon dioxide and water into bicarbonate which is
then retained in the respective site.'® Thus, inhibition of
CAII may lead to both proximal and distal RTA or a com-
bination of both known as type Il RTA.!"” However, here,
there was significant acidosis with initial bicarbonate of 8.
The patient also had a relatively low urine osmolar gap (58
mmol/kg) and positive urine osmolar gap (20 mmol/L),
both of which suggest impaired ammonium excretion in
the distal nephron. Overall, we believe that this presenta-
tion was more consistent with distal RTA, although we
cannot rule out coexisting CAII inhibition in the proximal
tubules.

Ibuprofen is one of the most frequently used non-steroidal
anti-inflammatory drugs (NSAIDs)—a class of medications
which sees widespread use in both prescribed and over-the-
counter settings. Nephrotoxic side effects of NSAID use are
well known, but the association between ibuprofen and
hypokalemic RTA is much less reported despite the mecha-
nistic link, raising the possibility that cases may be
underrecognized.

In summary, we report a case of RTA and hypokalemia
due to ibuprofen use and emphasize the following takeaway
points:
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Table I. Causes of Renal Tubular Acidosis as Stratified by Pathophysiology and Etiologies.

RTA type Il (proximal)

RTA type | (distal)

RTA type IV
(aldosterone-related)

Pathophysiology
Plasma potassium
Plasma bicarbonate
Urine pH

Fractional excretion of
bicarbonate
Proximal tubule dysfunction

Etiologies
Medications

Metabolic disorders

Other disorders

Low
Very low (10-20)
>53

Low (<3%)

Negative

Carbonic anhydrase inhibitors

Aminoglycosides

Tenofovir (other anti-retrovirals)

Valproic acid

Chemotherapeutics (platinum agents,
ifosfamide)

Hypocalcemia

Hyperparathyroidism

Vitamin D deficiency

Multiple myeloma

Monoclonal gammopathy

SLE

Sjogren’s

Renal transplant rejection
Amyloidosis

Nephrotic syndrome
Lead/cadmium/mercury poisoning
Paroxysmal nocturnal hemoglobinuria
Wilson’s

Low

Low (14-20)

Variable (>5.3 if reabsorptive
threshold)

High (>15%)

Glucosuria, hypocalcemia,
hypomagnesemia,
hypophosphatemia

Amphotericin
NSAIDs
Lithium
Ifosfamide
Foscarnet

Hypercalciuria
Hyperthyroidism
Hyperparathyroidism
Vitamin D intoxication
SLE

Rheumatoid arthritis
Sjogren’s

Thyroiditis

Primary biliary cirrhosis
Cryoglobulinemia
HIV-associated nephropathy
Obstructive nephropathy
Renal transplant rejection
Amyloidosis

Toluene abuse

Wilson’s

Sickle cell anemia
Ehlers-Danlos

Marfan’s

High
Mildly low (>17)
<53

Low (<3%)

Negative

Trimethoprim
Pentamidine
Amiloride
Triamterene
Spironolactone

Adrenal insufficiency

Diabetic nephropathy
Hypertensive nephropathy
Multiple myeloma
Monoclonal gammopathy
SLE

Glomerulonephritis

Renal transplant rejection
Amyloidosis

Obstructive nephropathy
Sickle cell disease/anemia

Note. RTA = renal tubular acidosis; NSAIDs = non-steroidal anti-inflammatory drugs; SLE = systemic lupus erythematosus.

1. Given the prevalence of and over-the-counter access
to NSAIDs, it should be explored in the differential

for RTA.

2. Monitoring for acidemia and electrolyte abnormal-
ities may be warranted for chronic, heavy NSAID

use.
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