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Abstract

Objective: Ibuprofen is a widely used nonsteroidal anti-
inflammatory drug, which has been occasionally associated with
hypokalemia and metabolic acidosis. The objective of this
report is to analyze the literature on this issue and to
address the underlying pathophysiology. Data Sources: Excerpta
Medica, the National Library of Medicine, and Web of Science
were searched from inception to July 16, 2021. Study Selection
and Data Extraction: Papers reporting individually documented
humans on ibuprofen with hypokalemia, acidosis, or both were
retained. Data were extracted using a checklist. Data
synthesis: For the final analysis, we evaluated 41 reports
describing 50 cases (26 males and 24 females; 36 adults and 14
children) with often profound hypokalemia, acidosis, or both
after ingestion of ibuprofen. Twenty-six cases were acute and
24 chronic. Hypokalemia and acidosis occurred not only after
ingestion of very high doses but also after ingestion of
moderately high or even normal doses of ibuprofen. Laboratory
values consistent with an excessive urinary potassium
excretion or an altered urinary acidification were disclosed
in 14 cases. Discontinuation of ibuprofen resulted in a
resolution of hypokalemia and acidosis within days in 47
cases. The course was lethal in three cases. Relevance to
Patient Care and Clinical Practice: This review highlights
potentially fatal side effects of ibuprofen and can help
doctors who are confronted with such a situation. Conclusions:
These data highlight the potential of ibuprofen to
occasionally induce hypokalemia and acidosis of renal origin.
Discontinuation of ibuprofen results in a resolution within

days.



Introduction

The propionic acid derivative ibuprofen in a dosage up to
30-40 mg/kg body weight daily, 1is a very popular and widely
used nonselective nonsteroidal anti-inflammatory drug.! In
many countries, this agent can be purchased without medical
prescription, sometimes as fixed-drug combination with
codeine.! In addition, these drugs lower renin secretion,
consequently increasing potassium levels and potentiating the
effect of antidiuretic hormone, also leading to a reduction in
sodium levels and increasing renal tubular reabsorption of
sodium, leading to fluid retention.

It is known since the middle of the 1980s that medication with
ibuprofen may be associated with the development of
hypokalemia and metabolic acidosis.? Although a few subsequent
reports described subjects with hypokalemia, metabolic
acidosis, or both hypokalemia and acidosis after the ingestion
of ibuprofen, this association has never been systematically
studied. The purpose of this report is to analyze the
literature on this issue and to address the underlying

pathophysiology.

Methods

Search Strategy

This review was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
recommendations.? Searches were conducted in the databases of
Excerpta Medica, the National Library of Medicine, and Web of
Science on April 10, and repeated on July 16, 2021. Original
reports with no date or language limits were considered. The
search strategy incorporated the terms ibuprofen AND (acidosis
OR hypokalemia). References listed within bibliographies of

the retrieved records were also considered for inclusion.



Two of us independently screened all identified titles and
abstracts in an unblinded fashion. Upon retrieval of candidate
reports, full-text publications were reviewed for eligibility.
During the entire process, uncertainties were solved through
discussions and consensus. Institutional Review Board approval

was not required for this literature review.

Eligibility criteria

We included original articles and letters reporting
individually documented humans on ibuprofen with otherwise
unexplained hypokalemia (<3.5 mmol/L), metabolic acidosis (pH

<7.38 and bicarbonate <20 mmol/L), or both.

Data Extraction

Data were collected using a checklist and transcribed into a
spreadsheet. The data extracted for each case meeting
inclusion criteria were demographics, amount and duration of
ibuprofen ingestion, co-medication (with emphasis for codeine,
psychoactive and recreational drugs, proton pump inhibitors,
and analgesics), clinical findings with emphasis on altered
level of consciousness, muscle weakness or pain, and cardiac
arrhythmias, and laboratory values with emphasis on
circulating chloride, potassium, sodium, acid-base balance and
creatinine, and urinary pH, chloride, potassium, sodium,
creatinine and glucosuria. The management and course were also

addressed.

Classification - completeness of reporting - analysis

Cases of hypokalemia, acidosis or both observed after

ingestion of ibuprofen >40 mg/kg body weight daily were

classified as intentional, accidental or dosage mistake. Cases



occurring after ingestion of ibuprofen for more than one week
were considered chronic. Arousability and responsiveness to
stimuli from the environment were used to roughly categorize
the level of consciousness as normal, mildly to moderately
impaired or severely impaired.?

In subjects with hypokalemia, a molar urine potassium over
creatinine ratio >2.0 is indicative of an inappropriately
elevated urinary potassium excretion.® On the other hand, in
subjects with metabolic acidosis, a positive difference
between the sum of the urine sodium plus potassium
concentrations and the urine chloride concentration (i.e.: Na*
+ K* - Cl7) is indicative of an impaired renal ammonium
excretion ability.® Furthermore, in the context of acidosis,
the inability to lower urinary pH <6.0 and the absence of
glucosuria are considered distinctive features of renal
acidosis of distal type.®7

The sum of chloride and bicarbonate subtracted from sodium
on blood was used to calculate blood anion gap and to further
classify the cause of metabolic acidosis. Finally, the
diagnosis of L-lactic acidosis was made in cases with
metabolic acidosis and L-lactatemia >5.0 mmol/L.

Completeness of reporting was Jjudged in consensus by two
different authors for each included case using following two
components: 1. detailed description of history, findings and
course (rating 0 to 3); and 2. information on laboratory
values and diagnostic work up (rating 0 to 3). The reporting
quality was graded according to the sum of each item as
excellent (5 to 6), good (3 to 4), or acceptable (2).
Categorical data are presented as counts and were analyzed
using the Fisher exact test. Continuous data are shown as
medians and interquartile ranges and were compared using the
Mann-Whitney-Wilcoxon test. Two-sided P-values of <0.05 were

considered statistically significant.



Results

Search outputs — completeness of reporting

The study flowchart is shown in Figure 1. For the final
analysis, we retained 41 scientific reports published since
1985: 22 from America (United States of America, N=20; Canada,
N=1; Mexico, N=1), 12 from Europe (United Kingdom, N=9;
Germany, N=2; Spain, N=1), six from Australia, and one from
Asia (Saudi Arabia, N=1) .2 847 Thirty-nine articles were
published in English, one in Spanish, and one in German. The
mentioned reports described 50 cases (14 children and 36
adults). The completeness in reporting was excellent in 19,

good in 28 and acceptable in the remaining 3 cases.

Clinical and laboratory data at presentation

Dosage - acute and chronic ingestion

Hypokalemia or acidosis were observed in 44 (88%) patients
receiving an excessive ibuprofen amount, i.e. more than 40
mg/kg body weight daily and in 6 (12%) subjects receiving a
normal ibuprofen amount.

Twenty-six cases of hypokalemia, metabolic acidosis, or both
hypokalemia and acidosis were considered acute.?r 8-17, 19-21, 23, 25-
27, 29-31, 37, 40, 43 Twenty-four were observed after a single dose
of ibuprofen: 96 mg/kg in one case, 101 to 500 mg/kg in five
cases, 501 to 1000 mg/kg in nine cases, >1000 mg/kg in eight
cases (this information was not provided in one case). The
remaining two cases ingested ibuprofen 28 mg/kg body weight
daily, respectively 67 mg/kg body weight daily for three days
or less.

The remaining twenty-four cases were considered chronic.!®
22, 24, 28, 32-36, 38, 39, 41, 42, 44-47 Tyenty-two cases were observed

after ingestion of ibuprofen 40 mg/kg body weight or less



daily (N=5), 41-100 mg/kg body weight daily (N=6), or >100
mg/kg body weight daily (N=11). The duration of ingestion was
two weeks (N=1), 1-3 months (N=8), 4-12 months (N=7), more
than 12 months (N=3) and unspecified (but more than two weeks)
in three cases. The remaining two cases received an unknown

amount of ibuprofen for more than 12 months.

Demographics, clinical and laboratory features

Acute cases were more frequently males and children than
chronic cases (table 1). Voluntary ingestion was the most
common cause of ibuprofen ingestion in acute cases. These
subjects usually presented with an altered level of
consciousness, metabolic acidosis, and a rather severely
impaired kidney function. Hypokalemia was rather uncommon in
these cases. Chronic cases were mostly associated with
ibuprofen dosage mistakes. These subjects usually presented
with muscle weakness, hypokalemia, and metabolic acidosis. The
kidney function was generally mildly impaired in these cases.

In addition to ibuprofen (table 1), various drugs had been
administered in 28 cases.ll-13, 22-24, 26, 29-40, 42, 43, 45

The renal tubular handling of potassium or acid-base balance
was investigated in 19 cases. The urinary findings were
consistent with an altered renal tubular function were noted

in 14 of them (table 2).

Management - course

The management included ventilatory support, activated
charcoal, gastric emptying, and the correction of hypokalemia
in many cases (Table 1). Kidney replacement therapy, plasma
exchange or extracorporeal membrane oxygenation were used in a

minority of cases.



Three acute cases complicated by multiple organ failure
died. At presentation, lactic acid was severely increased (17
and 30 mmol/L, respectively) in two of these cases (this
parameter was not determined in the third case).

Some sequelae were observed in two chronic cases (mild
kidney disease, N=1; hypokalemia and acidosis, N=1). The
remaining 45 patients fully recovered within days with no
differences between the two groups.

Discussion

It is widely accepted that nonselective nonsteroidal anti-
inflammatory drugs, including among others ibuprofen, lower
the renin secretion, thereby increasing potassium level,
enhance the effect of antidiuretic hormone, thereby decreasing
sodium level and may increase the renal tubular sodium
reabsorption, thereby leading to fluid retention.48-30 The
present careful literature analysis documents 50 cases of
hypokalemia or acidosis associated with the ingestion of
ibuprofen. The discussion will focus on 1) the clinical
presentation and the differences between acute and chronic
cases; 2) the mechanisms underlying hypokalemia and acidosis;
3) the amount of ibuprofen associated with hypokalemia or
acidosis, and 4) the suggested management.

In addition to an altered level of consciousness, a common
feature in subjects with overdose of nonsteroidal anti-
inflammatory drugs, the cases presented with symptomatic
hypokalemia, acidosis, or both, often associated with impaired
kidney function.®"%2 The severity of acidosis was similar in
acute and chronic cases. In contrast, hypokalemia was more
common and severe in chronic cases.

The urinary potassium excretion was inappropriately
elevated in the patients with hypokalemia included in our
analysis.® On the other hand, renal glucosuria was never

observed. Furthermore, an inability to lower urinary pH below



6.0 was frequently noted.®7 Finally, signs consistent with an
impaired urinary ammonium excretion were also observed.>7 It
is therefore concluded that hypokalemia and acidosis were of
renal (likely distal tubular) origin in the cases included in
this analysis. The blood anion gap, which is usually normal in
the context of hypokalemia and acidosis of renal origin, was
higher in acute as compared with chronic cases. This
observation suggests that further factors may have contributed
to the development of metabolic acidosis in many cases,
including accumulation of lactic acid or fasting ketosis.

The mechanisms by which ingestion of ibuprofen may impair
the renal ability to reduce potassium and increase ammonium
excretion remain speculative. It is usually assumed that
ingestion of ibuprofen at doses <100 mg/kg daily does not
cause any symptoms. Furthermore, serious symptoms are not
expected until doses of 2200 mg/kg daily and life-threatening
toxicity generally occurs at ingested doses 2400 mg/kg body
weight daily.37%2 Interestingly, this analysis reveals that
hypokalemia and acidosis occur also in patients ingesting a
normal amount of this agent (less than 40 mg/kg body weight
daily) and in cases ingesting a “non-toxic” amount ranging
from 40 to 100 mg/kg body weight daily. Concerning the 5 cases
reported with doses lower than 40 mg/kg daily: one case
ingested the codeine formulation, one case ingested
paracetamol, esomeprazole, and a psychoactive drug together
and the remaining three cases just ibuprofen. Hypokalemia and
acidosis were never reported in subjects on treatment with
frequently prescribed nonselective nonsteroidal anti-
inflammatory drugs such as arylacetic acid derivatives (e.g.
diclofenac), acetic acid derivatives (e.g. indomethacin) and
oxicams (e.g. piroxicam) and in patients prescribed selective
nonsteroidal anti-inflammatory drugs.®® In contrast,
hypokalemia was noted not only after ingestion of ibuprofen

but also in one patient on treatment with naproxen.®3 Since



both ibuprofen and naproxen are propionic acid derivatives, it
is tempting to assume that hypokalemia and acidosis occur
uniquely on treatment with the mentioned class of nonsteroidal
anti-inflammatory drugs.®® Finally, considering the rarity of
this biochemical abnormality, it has been speculated that it
occurs exclusively in predisposed subjects. Of note, the
biochemical abnormalities occasionally observed after
ibuprofen resemble those observed on medication with a
carbonic anhydrase inhibitor such as acetazolamide or
topiramate.>4

The management of hypokalemia and acidosis caused by
ibuprofen is the same as that for poisoning for all
nonsteroidal anti-inflammatory drugs. A severely impaired
level of consciousness may require ventilatory support, fluids
and vasopressors may be advised for hypotension.5l-52
Gastrointestinal decontamination with charcoal is advised for
acute cases.® Supportive treatment is indicated for correction
of hypokalemia and altered fluid balance. Furthermore, most
authorities advise crystalloid and potassium to correct volume
depletion and hypokalemia. Bicarbonate therapy is not
recommended because it aggravates hypokalemia.®6t-57 Removal of
ibuprofen via kidney replacement therapy, plasma exchange or
extracorporeal membrane oxygenation is not necessary in the
vast majority of cases.>"%2 Kidney replacement therapy is
required in cases with severe kidney injury.

The most important limitation of this systematic review
arises from the small number of published reports on
hypokalemia or acidosis associated with ibuprofen ingestion.
Furthermore, completeness in reporting cases was sometimes
rather low. Finally, since therapeutic suggestions can be
uneasily inferred by cumulating individual case reports,
suggested treatment recommendations were extrapolated from the
general literature on ibuprofen overdose and electrolyte or

acid-base disturbances. The major strength of this review is



that it is the first to investigate the clinical-biochemical
features and pathophysiology on hyperkalemia and metabolic

acidosis induced by ibuprofen.

Relevance to Patient Care and Clinical Practice

This literature review highlights rare but potentially fatal
side effects of one of the world's most widely used pain
medications ibuprofen. Such a review can certainly help many
physicians around the world who face an emergency with a
patient with severe hypokalemia and metabolic acidosis and is

unique.

Conclusions

This literature review highlights the potential of acute and
chronic ingestion of ibuprofen to occasionally induce profound
hypokalemia and acidosis of renal origin. Contrary to what
common sense would dictate, these biochemical abnormalities
occur not only after ingestion of very high doses but also
after ingestion of moderately high or even normal doses of
ibuprofen. Discontinuation of ibuprofen normally results in

complete biochemical resolution within days.
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Table 1

Table 1: Clinical and laboratory data in patients with both
metabolic acidosis and hypokalemia (N=25), isolated metabolic
acidosis (N=22) or isolated hypokalemia (N=3) associated with
acute and chronic ibuprofen ingestion. Continuous data are
shown as medians and interquartile ranges, categorical data as

frequency.

All Acute Chronic P-value

N 50 26 24
Demographics

Males : females 26 : 24 18 : 8 8 : 16 <0.02

Age, years 35 [17-45] 17 [4-36] 39 [35-46] <0.0001

<18 years 14 14 0 <0.0001
No ibuprofen overdose, N 6 1 5 0.093
Ibuprofen overdose, N 44 25 19

Intentional 18 15 3 <0.005

Accidental 8 8 0 <0.005

Dosage mistake 16 1 15 <0.0001

Cause unknown 2 1 1 0.132
Co-medication

None, N 22 15 7 0.052

Codeine, N 16 2 14 <0.0001

Psychoactive drugs, N 14 6 8 0.533

Recreational drugs, N 7 4 3 0.999

Proton pump inhibitors, N 6 1 5 0.093

Analgesics, N 5 2 3 0.661

Antihistamines, N 4 1 3 0.340

Valproic acid, N 1 1 0 0.999
Clinical presentation

Level of consciousness altered 22 17 5 <0.0005

Mildly-moderately impaired 10 6 4



Severely impaired

Muscle weakness or pain
Without rhabdomyolysis

With rhabdomyolysis

Cardiac arrhythmias

Blood values

Potassium

mmol/L

<3.5 mmol/L
3.0-3.4 mmol/L, N
2.5-2.9 mmol/L, N

<2.5 mmol/L, N

>5.0 mmol/L, N

Bicarbonate

mmol/L

<20 mmol/L, N
15-19 mmol/L, N
10-14 mmol/L, N

<10 mmol/L, N

Lactic acid >5.0 mol/L, N

Sodium

mmol/L

<135 mmol/L

>145 mmol/L

Chloride

Anion gap*

Creatinine, pmol/L

Management
Ventilatory support, N
Activated charcoal, N
Gastric emptying, N
Potassium, N
Alkali, N

Further management, N

12

23

14

16

2.3 [1.8-4.1]

28

24

13 [11-17]

48

17

18

10

140 [137-141]

111 [106-116]

14 [11-18]

106 [83-206]

12

14

12

22

20

11

4.2 [4.0-4.9]

13 [9-17]

25

140 [138-141]

106 [104-109]

19 [16-22]

170 [95-247]

11
14

12

14

6*

1.8

14

141

114

12

96

19 <0.0001
12

7

11 0.068

[1.0-2.0] <0.0001

24

21

0 0.103

[11-16] 0.850

23

12

1 0.103

[137-141] 0.623

3
2
[111-120] <0.
[10-14] <0.
[77-103] <0.
1 <0
0 <0
0 <0
19 <0.
6 <0
0 <0

0001

0001

02

.005

.0001

.0001

0001

.05

.05



Course

Death, N 3 3 0 0.2359
Sequelae, N 2 0 2% % 0.2253
Full recovery, N 45 23 22 0.9999

*sum of chloride and bicarbonate subtracted from sodium; * kidney replacement therapy (N=4),

extracorporeal membrane oxygenation and plasma exchange (N=1), plasma exchange (N=1); ** mild

chronic kidney disease (N=1); hypokalemia and acidosis (N=1).



Table 2

Table 2: Urinary findings indicative of a disturbed renal
tubular function in patients with acute and chronic ibuprofen
ingestion. Continuous data are shown as medians and

interquartile ranges.

All Acute Chronic
(N=50) (N=26) (N=24)
pH 26.0, N 14 0 14
Increased potassium
excretion*, N 8 1 7
Apparently impaired
ammonium excretion®, N 7 1 6
Renal glucosuria, N 0 0 0
* molar potassium over creatinine ratio higher than 2.0; ¢ sum

of urinary potassium and sodium level higher than chloride.



Figure 1 - Legend
Ibuprofen-associated hypokalemia and metabolic acidosis.
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