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The case

A 72-year-old man presents to his family physician for fol-
low-up of hypertension, reporting fatigue and generalized
weakness. His medical history also includes peptic ulcer dis-
ease, type 2 diabetes mellitus and chronic kidney disease.
The estimated glomerular filtration rate is 30 mL/min per
1.73 m2. His medications include metformin, lansoprazole,
acetylsalicylic acid, hydrochlorothiazide and ramipril, the
dose of which was increased two weeks earlier to address
suboptimal blood pressure control. Blood work at the time
of the current presentation shows that the serum potas-
sium level is 6.7 (normal range 3.3–5.1) mmol/L from a non-
hemolyzed sample. The patient’s family physician refers
him to the emergency department urgently. In the emer-
gency department, the patient is hemodynamically stable,
with blood pressure 124/70 mm Hg and heart rate 80
beats/min (regular). Repeat testing shows a potassium level
of 6.9 mmol/L, and electrocardiography shows sinus
rhythm with peaked T waves, prolonged PR interval
(240 milliseconds) and a narrow QRS interval. This patient
requires urgent treatment of hyperkalemia. What thera-
peutic options are available, and what is the evidence sup-
porting their use?

Hyperkalemia is a common disorder, occurring both
in the outpatient setting and in up to 10% of
patients who have been admitted to hospital.1–4

Underlying renal insufficiency and use of medications that
disrupt potassium balance, such as angiotensin-converting
enzyme inhibitors and potassium-sparing diuretics, are well-
described risk factors.4–7 Although mild hyperkalemia is
often asymptomatic and easily treated, acute, severe hyper-
kalemia that is left untreated can result in fatal cardiac
arrhythmias.8–10 In addition to discontinuation of precipitants,
steps in the management of acute hyperkalemia include pro-
tecting the heart from arrhythmias by administering cal-
cium-based salts,11 shifting potassium into the cells and
enhancing elimination of potassium. Several treatment
options have been proposed, particularly for shifting potas-
sium into the cells, with differing onset and duration of
action.12 In addition, available studies conflict with respect
to the efficacy of the various treatment options, which has
led to differences in recommendations among practitioners
and institutions.5,13

The level of potassium at which treatment should be initi-
ated has not been established by evidence. However, we rec-
ommend initiating nonpharmacologic steps for management
at levels above 5.5 mmol/L, with pharmacologic interven-
tions as outlined in this review being instituted at levels of
6.0 mmol/L or greater.
Given uncertainties regarding the optimal management of

this condition, we undertook a review of randomized con-
trolled trials of therapies for the management of acute hyper-
kalemia in the adult population. 

Methods
For the current review, we updated a previously published
systematic review on this topic,14 using a similar search strat-
egy and similar criteria for selecting studies for inclusion. We
identified all potentially relevant articles, regardless of lan-
guage of publication, by searching MEDLINE (2003 to Feb-
ruary week 3, 2009) and EMBASE (2003 to week 9, 2009),
according to a standardized protocol. We enhanced our
searches by scanning the bibliographies of identified research
and review articles and by reviewing the proceedings of all
annual scientific meetings held between 2003 and 2009 of the
American Society of Nephrology and the Canadian Society of
Nephrology. All relevant studies published before 2003 were
identified in the prior systematic review.14
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Key points

• Hyperkalemia is a common disorder that can be fatal if
unrecognized or untreated.

• Insulin administered intravenously has the fastest onset of
action and is very effective in reducing serum potassium.

• β2-Adrenergic agonists are as effective as insulin for lowering
serum potassium and have a longer duration of action.

• The combination of β2-agonists and insulin is more
effective than either treatment alone.

• The use of intravenously administered sodium bicarbonate
for the management of acute hyperkalemia is supported
only by studies with weak and equivocal results.
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We developed our search of the electronic databases with
the assistance of a qualified librarian. We specified two com-
prehensive search themes: hyperkalemia and randomized trials.
To identify relevant terms related to hyperkalemia (theme 1),
the first search used the Boolean operator “or” to explode (i.e.,
search by all keywords more distal in the database thesaurus)
and map (i.e., search by keyword) the MeSH heading “hyper-
kalemia” or the text words “hyperkal$” or “hyperpotass$”
(where $ indicates truncation). To identify relevant study
methodology (theme 2), we performed a second Boolean
search using the sensitive randomized controlled trial (RCT)
filter outlined by Egger and colleagues.15 We combined these
two comprehensive themes using the Boolean operator “and.”
Two reviewers (M.J.E. and B.R.H.) independently evalu-

ated articles for eligibility in a two-stage procedure. In the first
stage, the reviewers assessed all identified abstracts for possi-
ble eligibility. For abstracts selected by either individual, we
retrieved the corresponding articles for full-text review. Eligi-
ble articles examined in this second stage were RCTs, quasi-
RCTs (i.e., trials with a quasi-random method for assigning
participants to treatment groups, for example, by birth month
or medical record number) and randomized crossover studies
of adults with pharmacologic and nonpharmacologic interven-
tions for acute hyperkalemia and an outcome of serum potas-
sium concentration before and after the intervention. If data on
serum potassium levels before and after treatment were incom-
plete or unavailable, we attempted to contact the investigators
for additional information.
Each reviewer independently extracted data from the in -

cluded studies using a predefined data abstraction form,
resolving disagreements by consensus. The reviewers ab -
stracted data on participants’ demographic characteristics,
presence of dialysis, definition of hyperkalemia, details of the
treatment strategies and serum potassium values at baseline
and at various times after treatment. We assessed several
aspects of study quality, specifically study design, randomiza-
tion process, allocation concealment, blinding, intention-to-
treat analysis and description of loss to follow-up. We
assigned to each study a numeric score incorporating these
elements of study quality according to a system described by
Jadad and colleagues.16 The reporting in this systematic
review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.17 The pri-
mary outcome was change in serum potassium level with a
given therapy. The secondary outcomes were adverse events
associated with hyperkalemia, including electrocardiographic
(ECG) changes, arrhythmia, death and adverse reactions to
therapy for hyperkalemia.

Results

Through our updated search from 2003 to 2009, we identified
2158 potentially relevant articles. Of these, we retrieved the
full text of nine articles for further review (κ = 0.94, 95%
confidence interval [CI] 0.83–1.00). We excluded three of
these studies because treatment allocation had not been ran-
domized.18–20 One study, published in 2003, was included in
the prior review.21 Therefore, we included in this updated

review 5 new studies,22–26 along with the 11 studies21,27–36

reviewed by Mahoney and associates14 (Appendix 1, available
at www .cmaj .ca /cgi /content /full /cmaj .100461  /DC1). 
The quality of the studies was variable, but in general it

was poor. Only five studies (31%) reported allocation conceal-
ment, only one reported that the analysis was performed on an
intention-to-treat basis, and a small number had blinding of
either patients or outcome assessors (Appendix 2, available at
www .cmaj .ca /cgi/content/full /cmaj .100461 /DC1).  

What treatment options are available?

A variety of treatment options are considered for the acute
management of hyperkalemia, including insulin, β2-adrener-
gic agonists (inhaled, nebulized and intravenous), bicarbon-
ate, resins, fludrocortisone, aminopylline and dialysis. In the
sections below, we review the evidence for the use of each of
these agents.

Insulin
In addition to four studies (n = 120) from the prior
review,28,30,31,34 we identified one new RCT examining the effect
of insulin in the management of hyperkalemia26 (Appendix 3,
available at www .cmaj .ca /cgi /content /full /cmaj .100461 /DC1).
In that study, 16 patients with documented hyperkalemia at the
onset of the anhepatic (no liver) stage of orthotopic liver trans-
plantation (in which the new liver was transplanted into the
original location) were randomly assigned to receive intraoper-
ative infusion of insulin or no insulin. 
Three of the five studies reported the immediate effects of

insulin (at doses of 10 to 20 units26,28 or 5 mU/kg per minute30)
on serum potassium. Absolute reductions of 0.45 mmol/L,28

0.55 mmol/L30 and 0.61 mmol/L26 were reported at the earliest
time points, within 15 minutes. The other two studies reported
reductions in serum potassium of 0.87 mmol/L at 30 minutes31

and 0.47 mmol/L at 60 minutes.34 The reduction in potassium
was sustained for up to two hours after administration, with a
maximum reduction of 0.6 to 1.0 mmol/L, after which grad-
ual rebound was evident. Insulin treatment resulted in greater
reductions in serum potassium at 30 minutes (0.86 mmol/L)
than occurred with bicarbonate or albuterol; however, by two
hours, the response was similar to that observed with
albuterol (0.90 mmol/L).31 Similar results were reported by
Allon and Shanklin.30

Three of the studies26,28,30 reported transient hyperglycemia
within 15 minutes after treatment, with subsequent hypo-
glycemia (at 60 minutes) in one study.28 Of 40 patients with
ECG changes characteristic of hyperkalemia at baseline, 21
(52%) experienced normalization within one hour of treat-
ment.31 These results were not presented by treatment arm, so
we could not evaluate the influence of insulin alone on reso-
lution of ECG changes. None of the authors reported any
other clinically significant adverse effects.

Inhaled, nebulized and intravenous β2-agonists
In addition to seven studies in the prior review evaluating the
effects of β2-adrenergic agonists for the management of acute
hyperkalemia,21,27–31,33 we identified one study comparing nebu-
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lized with intravenous salbutamol in 68 patients with chronic
kidney disease22 (Appendices 4 and 5, available at www .cmaj
.ca /cgi/content/full/cmaj.100461/DC1). β2-Agonist therapy,
by inhalation, nebulization and/or intravenous administration,
was studied in a total of 219 patients, most of whom were
undergoing long-term hemodialysis.
In all studies, a response to β2-agonists was seen at 30

minutes, irrespective of the formulation used. Standard doses
ranged from 10 to 20 mg for the inhaled forms21,22,27–30,33 and
from 0.5 to 2.5 mg when administered intravenously.22,31 A
decrease in serum potassium of 0.3 to 0.6 mmol/L was seen
at this time point, with further reductions from baseline of up
to 0.85 (after nebulized treatment)27 and up to 0.99 mmol/L
(after intravenous treatment)31 at one hour. Reductions in
serum potassium were more pronounced with higher doses
of β2-agonist; at 30 minutes, the decrease was 0.30 with 10-
mg treatment and 0.60 mmol/L with 20-mg treatment.27 This
difference was preserved at 60 minutes, with decreases in
serum potassium of 0.50 and 0.85 mmol/L, respectively. Rel-
ative to placebo, these decreases were statistically significant
at all time points; however, the difference in response
between the two doses of albuterol was statistically signifi-
cant only at 120 minutes.
Nebulized albuterol and levalbuterol were equally effec-

tive at lowering serum potassium, when compared with
placebo; however, levalbuterol achieved a more immediate
response upon administration and resulted in fewer adverse
effects.21 In one study of salbutamol by metered-dose inhaler
with a spacer device, a paradoxical rise of at least 0.1 mmol/L
in serum potassium occurred in 59% of patients within one
minute of treatment.33 No head-to-head studies have com-
pared β2-agonists delivered by metered-dose inhalers with a
spacer device with other β2-agonist formulations or other
treatment classes; therefore, we cannot draw conclusions as to
the relative efficacy of this mode of administration. In one
study, intravenous salbutamol generated maximal reduction
in serum potassium more quickly than nebulized salbutamol
(one hour v. two hours); however, differences between groups
were not statistically significant22 (Appendix 4).
The most commonly reported adverse effects were in -

creased heart rate,21,27–29,33 tremors,21,22 palpitations21,22 and mild
anxiety.27 Intravenous treatment may confer more ad verse
effects than nebulized treatment, including palpitations,
increased blood pressure and migraine;22 mild increases in
blood glucose with both intravenous and nebulized adminis-
tration were also reported.28–31,33

Sodium bicarbonate
Two studies investigated infusion of sodium bicarbonate
for the management of hyperkalemia30,31 (Appendix 5). One
reported a small absolute reduction in serum potassium
from baseline of 0.47 (standard deviation [SD] 0.31)
mmol/L (p = 0.001) at 30 minutes;31 in the other trial, there
was no significant change in serum potassium at 30 and 60
minutes, relative to placebo.30 The trials of bicarbonate
infusion had the lowest reduction in mean serum potassium
among all single and combined modalities, including salbu-
tamol and insulin.

Resins
Only one small trial, involving patients undergoing hemodial-
ysis, has evaluated the effects of sodium polystyrene sul-
fonate resins for the management of hyperkalemia.32 The
authors reported no significant decrease in mean serum potas-
sium at four hours relative to placebo and laxative (Appen-
dix 5). There was a trend toward increasing serum potassium
throughout the study, which was less pronounced in the resin
arm. The study had several limitations, including normal
serum potassium level at baseline and ingestion of a standard-
ized meal containing about 20 mmol of potassium at the four-
hour time point, which made it difficult to interpret subse-
quent results.

Fludrocortisone
In a study of patients undergoing long-term hemodialysis who
had predialysis hyperkalemia, fludrocortisone at a dose of 0.1
mg/day did not result in a significant decrease in serum potas-
sium at three months, even after adjustment for number of
hours of dialysis per week25 (Appendix 5). There were no
reported adverse effects with this drug, although its use would
be limited to long-term management of hyperkalemia. 

Aminophylline
In a single trial comparing intravenous aminophylline with
infusion of insulin and dextrose, aminophylline resulted in a
decrease in serum potassium of 0.15 (SD 0.19) mmol/L at 60
minutes (p < 0.01)34 (Appendix 5). However, there was no
significant difference in the extent of reduction of serum
potassium between the two treatment groups. There was a
small but statistically significant increase in heart rate in the
aminophylline group at 60 minutes, but otherwise no serious
adverse effects occurred.

Combination treatments
Four studies evaluated combinations of treatment modalities
in the management of hyperkalemia28,30–32 (Appendix 6, avail-
able at www .cmaj .ca /cgi /content /full /cmaj .100461 /DC1). The
first study reported a significantly greater decrease in serum
potassium with combination intravenous insulin and nebu-
lized albuterol relative to either treatment alone.28 The maxi-
mal effect, at 60 minutes, represented a decrease in serum
potassium from baseline of 1.21 (SD 0.19) mmol/L. Transient
hyperglycemia was observed in this group.
Various two- and three-modality combinations of sodium

bicarbonate, insulin and nebulized albuterol were tested
against single agents in an RCT.31 All treatments (alone or in
combination) decreased serum potassium within 30 to 60 min-
utes; however, the authors concluded that there was no signifi-
cant difference in effect between treatment arms. In another
study, infusion of bicarbonate in combination with intravenous
insulin or nebulized albuterol conferred no additional benefit
over either treatment alone in reducing serum potassium.30

In a study on the effect of laxatives and resins on serum
potassium and fecal excretion of potassium in patients under-
going hemodialysis, there was a paradoxical increase in
serum potassium after all treatments, but it was not signifi-
cantly different from the effect of placebo.32 There was no sig-
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nificant difference in the total fecal excretion of potassium
between either of these resin-containing treatments and phe-
nolphthalein–docusate alone.

Hemodialysis
Five studies evaluated hemodialysis for the management of
hyperkalemia23,24,29,35,36 (Appendix 7, available at www .cmaj .ca
/cgi/content/full/cmaj.100461/DC1). Lower potassium dialy -
sate35 and increased blood flow36 were reported to decrease
potassium to a greater extent, whereas the effect of bicarbonate
dialysate on potassium reduction was inconclusive.23,24

When should potassium be rechecked?

The studies reviewed here did not address the frequency and
duration of monitoring of patients with hyperkalemia; there-
fore, recommendations regarding ongoing assessment are
based on opinion. In the acute management of hyperkalemia,
the frequency of monitoring depends on the potassium level,
as well as underlying comorbidities. After initial interven-
tions, potassium should be rechecked within one to two
hours, to ensure effectiveness of the intervention, following
which the frequency of monitoring could be reduced. Subse-
quent monitoring depends on the potassium level and the
potential reversibility of the underlying cause.

Gaps in knowledge

Our review, which updates a prior systematic review,14 has
highlighted the paucity of evidence to determine the most
effective therapy for acute management of hyperkalemia. We
were unable to identify randomized trial evidence to guide
management of ECG changes associated with hyperkalemia,
and evidence supporting gastrointestinal elimination of potas-
sium was particularly limited. Furthermore, many studies
included patients undergoing hemodialysis, which limits the
generalizability of results. 

The case revisited and clinical implications

Despite a lack of evidence from randomized trials, the current
standard of care would dictate that the patient undergo imme-
diate intravenous administration of calcium-based salts (1 g
calcium chloride or calcium gluconate)37 to address ECG
changes consistent with severe hyperkalemia and thus to pre-
vent deterioration to fatal arrhythmias.
Therapy to shift the potassium into the cells should also be

instituted without delay. According to the results of the studies
reviewed, intravenous insulin and β2-adrenergic agonists have
the quickest onset and, when administered together, are more
effective than either treatment alone. β2-Agonists are equally
effective in all formulations; however, for ease of accessibility
and administration, the nebulized form may be most appropri-
ate. In this particular case, we recommend a dose of 10 mg of
nebulized salbutamol, which may be repeated if the serum
potassium remains above 6.0 mmol/L after one to two hours.
Because of the adverse effects of β2-agonists, 10 units of short-
acting intravenous insulin, combined with 12.5 to 25 g of dex-

trose, might be preferable, if a single potassium-shifting ther-
apy is thought to be adequate. The use of intravenous bicar-
bonate in this situation is supported by only weak and conflict-
ing information; therefore, we cannot recommend its routine
use in the management of hyperkalemia. The possible excep-
tion is treatment in the presence of concurrent metabolic
acidemia, but this is based on opinion rather than evidence.
Rebound after potassium-shifting therapy occurs within

two hours; if significant excretion of potassium during that
period is unlikely — for example, by urine output or hemo -
dialysis — consideration should be given to starting an infu-
sion of  glucose and insulin after the initial bolus, with close
point-of-care monitoring of glucose; however, no evidence
supports this method of administration. A resin, to bind potas-
sium in the gut, administered with a laxative such as lactu-
lose, may also be indicated at this point. An electrolyte panel
should be repeated within one to two hours of instituting any
of the above therapies, with subsequent laboratory monitoring
as indicated by the clinical situation.
Once the hyperkalemia has resolved, the clinician should

try to identify and modify the precipitants to reduce the risk
of similar occurrences in the future. Further studies are
required to guide the acute management of hyperkalemia.
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