Albuteroal for the Treatment of Hyperkalemia
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REQUEST
What istherole of abuteral in the treatment of hyperkalemia?

RESPONSE
BACKkGROUND

Hyperkalemia, defined as serum potassum >5.5 mEg/L, is
alife-threatening complication that can occur with rena in-
sufficiency, metabolic acidosis, muscle breakdown, stress, in-
creased administration of exogenous potassium through salt
substitutes, and hemolysis with blood transfusions. Various
drugs have been implicated in elevating serum potassium
concentrations. Included are penicillin VV potassum, angioten-
sin converting-enzyme inhibitors, angiotensin 11 antagonists,
potassium-sparing diuretics, digoxin, and -antagonists. These
medications can cause hyperkalemia even at their normal
therapeutic dosages.!

Since potassium is primarily an intracellular cation, with
98% found inside cells, smdl shifts between the intracellular
and extracellular spaces can result in dramatic physiologic ef-
fects.? Hyperkalemiais a medical emergency because of its
potential to cause arrhythmogenic effects on cardiac tissue,
which can ultimately result in asystole:® The goalsin the treat-
ment of hyperkalemiaare to (1) block the adverse effects of
potassium on the heart muscle, (2) redistribute potassium
from outside to inside cdlls, and (3) enhance the excretion of
potassium from the body. Potassium is sequestered within
cellsand intracellular potassium cannot be measured easily.
Therefore, serum potassium concentrations may not represent
the true status of total body potassium. Patients should be
clinically assessed and treated based on the manifestations
they exhibit aswell asrisk factors such as electrolyte imbal-
ance and comorbid cardiovascular disease. Petients with acute
changes in potassium may develop more critical complica
tions than patients who experience a more gradual shift. Fur-
thermore, not al hyperkalemic situations should be treated.
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For example, the hyperkalemiathat occurs during diabetic ke-
toacidosis may resolve with the correction of the glucose sta
tus and even revea a hypokalemic state. In vitro hemolysis
will also raise measured potassium concentration, but does
not represent aclinical situation in the patient. Therefore, it
should not be treated.

Asageneral guide, changesin the electrocardiogram often
parallel risesin potassium concentration; however, interpa-
tient variations do occur. When potassium concentrations
reach 5.5-6.0 mEg/L, the electrocardiogram often shows
pesked T waves and QRS shortening. At this point, if the pa-
tient is otherwise hemodynamically stable, administration of
diuretics, like furosemide, or ion-exchange resing, like sodium
polystyrene sulfonate, is effective. Furosemide enhances the
rena excretion of potassium by atering its resbsorption in the
kidney. Sodium polystyrene sulfonate works by exchanging
1-2 mEq of sodium for each mEq of potassium that is bound
in the gastrointesting tract. The potassum is then eliminated
from the body.2

When potassium concentrations rise to between 6 and 7
mEQg/L, PR and QRS complex prolongation are common.
When these cardiac complications exist, glucose, insulin, and
probably sodium bicarbonate should be administered to quick-
ly remove potassium from circulation by shifting it into the
intracdlular fluid where it is rdatively harmless. Theintracel-
lular and extracellular potassium concentrations are main-
tained by Na'—K* adenosine triphosphatase (ATPase) in cell
membranes, which exchanges sodium for potassium in a 3:2
ratio. This“pump” uses ATP hydrolysis asits energy source*s
Activation of this pump enhances the movement of potassium
into cells. This effect is accomplished with the use of insulin
and glucose. The proposed mechanism is that insulin canin-
crease the ATP hydrolysis rate.* Glucose is administered to
counteract the hypoglycemic effect of insulin. Another method
used to shift potassum intracellularly is the administration of
sodium bicarbonate. The reasoning behind thisis that meta-
bolic acidosis can cause an extracellular potassium shift. Cor-
recting acidosis with bicarbonate can reverse this shift and
lower potassium concentrations. However, the efficacy of bi-
carbonate treatment is often inconsistent.® Using bicarbonate
or insulin and glucose only shifts potassium into cells tem-
porarily. Therefore, these methods should always be coupled
with ion-exchange resins or hemodialysis as a definitive
means to correct severe hyperkalemia.
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If potassium concentrations exceed 7 mEg/L, therisk for
cardiac complications increases. There can be widening and
flattening of the QRS complex, which can quickly progressto
asystole. In any setting of severe cardiac decompensation in
the presence of elevated potassium concentrations, calcium
gluconate (10-20 mL of 10% solution) or calcium chloride
should be given to counteract these adverse cardiac effects. It
isvital to understand that calcium administration has no effect
on reducing the total body potassium concentration.? Other
modadlities should be initiated Smultaneoudly.

Recently, there has been increasing investigation on the use
of abuterol as an aternative approach for shifting potassium
intracellularly. Albuteral isa ,-agonist that is believed to ex-
ert a hypokalemic effect by binding to a [3,-adrenoreceptor,
resulting in adenylate cyclase activation. Adenylate cyclase
stimulates the production of cyclic adenosine monophos-
phate, which is then used by the Na'—K* ATPase pump to
transfer potassium into the intracellular space. Because [3,-a0-
onists and insulin work on separate aspects of the pump, the
effects of these two agents are additive.”®

CLinicaL TRIALS

Several smdl studies have been conducted to evauate the
efficacy of albuterol usein the treatment of hyperkalemia,
generally in patients with renal failure. The following are
some examples of these sudies.

Montoliu et a.® conducted a two-part study to evauate the
effect of albuterol on serum potassium in patients with chron-
ic renal failure. In part 1, the investigators evaluated 20 pa-
tients with glomerular filtration rates <5 mL/min who were
receiving maintenance hemodialysis. All patients were clini-
caly stable with amean pretreatment serum potassium con-
centration of 5.6 £ 0.2 mEg/L. Albuterol sulfate 0.5mg, in 1
dL of dextrose 5% in water, was administered intravenously
over 10-15 minutes. The mean potassium concentration fell
to 4.5+ 0.2 mEg/L (p < 0.001) within 30 minutes. This con-
centration was maintained even 60 minutes after abuterol ad-
minigtration. In part 2, 24 patients with acute or chronic rena
failure and hyperkalemia were given the same treatment
(mean serum urea hitrogen concentration 117.5 + 9.5 mg/dL,
mean serum crestinine concentration 9.8 + 0.8 mg/dL, mean
pretreatment potassum concentration 7 £ 0.2 mEg/L). Within
30 minutes, the potassium concentration fell to 5.6 £ 0.2
mEg/L (p vaue not stated) which was maintained until the 60-
minute mark. Even at 360 minutes, the potassium concentra-
tions were significantly (p value not stated) below the initial
concentrations. Thisis consistent with the 4- to 6-hour half-
life of albuterol. However, some patients showed arelative
resistance to the hypokaemic effect of abuterol, showing a
maximal reduction in potassium of only 0.5-0.6 mEg/L.

In both groups of patients, the albuterol infusion was asso-
ciated with a significant rise in insulin and glucose concentra-
tions, aswell asin heart rate. The authors believed that the
drop in potassium was due to the albuterol and not the in-
crease in endogenous insulin since three diabetic patientsin-
cluded in this study experienced the same reduction in potas-
sium while their subnormal or undetectable unbound C-pep-
tide concentrations remained constant. This infers that the
reduction in potassium can occur without insulin. There was
no change in serum sodium concentration, arterial pH, pCO,,

aldosterone concentration, or arterial blood pressure. Eight
patientsin part 1 (40%) and 9 patientsin part 2 (38%) had
tremor; six patientsin part 1 (30%) and four patientsin part 2
(17%) had generdlized, ill-defined discomfort. These adverse
effects resolved without treatment. The authors concluded
that intravenous albuterol is safe and effective for the treat-
ment of hyperkalemiain patients with acute or chronic renal
failure®

Allon and Copkney® demonstrated the additive effect of the
coadministration of abuterol with insulin and glucose. In this
study, 10 patients with persistent hyperkal emia were treated
with three different regimens: intravenous administration of
regular insulin 10 units with 50 mL of glucose 50%, dbuterol
20 mg nebulized over 10 minutes, and a combination of the
first two trestments. Each treatment regimen was separated
from the next by at least one week. Potassium reductions of
0.65 mEg/L were seen with both albuterol and insulin plus
glucose. When patients received combination therapy, their
mean potassium concentration fell by 1.21 mEg/L (p < 0.001
vs. basgling; p < 0.05 vs. the other two treatment regimens).
About 75% of the patients experienced hypoglycemia (plas-
ma glucose 50.7 + 5.4 mg/dL) when treated with insulin and
glucose. Patients receiving abuterol aone had an elevation in
serum glucose concentrations (plasma glucose 123.1 + 9.0
mg/dL; basdine glucose 84.6 + 5.4 mg/dL). Thisis consistent
with (3,-agonistic activity on the liver where stimulation of
gluconeogenesis and glycogenolysis occurs.8%12 | n patients
who received the combination therapy, albuterol seemed to
offset the expected hypoglycemia from insulin therapy. There
was no change in blood pressure in any of the trestment regi-
mens. Heart rate was mildly elevated in patients when they
were treated with insulin or abuterol (+6.6 + 2.3 and +6.9 +
3.0 mint, respectively). When the subjects were treated with
the combined regimen, heart rate increased substantially
(+15.1 £ 6.0 min%; p < 0.002). Four patients (40%) were re-
sistant to albuterol treatment, with a maximal decrease in
serum potassium concentration following abuterol therapy of
<0.5 mEg/L. The authors concluded that nebulized abuterol
20 mg and intravenous regular insulin 10 units produced Sm-
ilar hypokalemic effects in maintenance hemodialysis pa-
tients. Coadministration of the drugs resulted in a greater de-
crease in plasma potassium than that observed with either
drug done?®

Another study?? showed that the incidence of adverse ef-
fects with albuterol use can be minimized by nebulizing the
drug instead of administering it intravenously, while main-
taining equivalent efficacy. A total of 15 patientswith chronic
rena failure (blood urea nitrogen >80 mg/dL, creatinine >8.0
mg/dL) were enrolled in the study. Five were excluded due to
lack of response to intravenous albuterol (maximal decrease
in plasma potassium <0.5 mEg/L). Ten patients received al-
buteral 0.5 mg intravenoudy for one episode of hyperkaemia
and 10 mg nebulized abuterol for a second episode. Basdine
potassium concentrations were 5.53 + 0.12 and 5.66 + 0.14
mEQ/L before intravenous and nebulizer therapies, respec-
tively. The intravenous therapy resulted in amaximal reduc-
tion in potassium of 0.92 mEg/L (p < 0.05) after 30 minutes,
while asimilar reduction of 0.85 mEg/L (p < 0.05) occurred
after 90 minutes of nebulized trestment. The nebulized treat-
ment caused less tachycardia than the intravenous therapy.
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There was no change in blood pH, pCO,, plasma sodium, os-
molality, or blood pressure with either treatment protocol.
Transient pal pitations and mild chest tightness occurred in
two patients while receiving intravenous therapy. One patient
had mild dizziness during nebulization. The investigators
demondtrated that both intravenous infusion and nebulized a-
buterol were safe and effective. Intravenous albuterol pro-
duced afaster onset of action and was more appropriate in pa
tients with life-threatening hyperkalemia, whereas nebulized
abuterol had fewer systemic adverse effects and is preferred
for patients with cardiac disease.

In a study conducted by McClure et al.,” 10 children re-
ceived intravenous albuterol 4 pg/kg and nebulized abuterol
2.5 mg for those weighing <25 kg and 5 mg for those >25 kg.
Eleven children were originally recruited, but 1 child could
not tolerate a mask on her face and was withdrawn from the
study. The two treatments were given on separate dates. Each
dose was then repeated in two hours. Both trestments provid-
ed areduction in potassium within the first 30 minutes (pre-
treatment concentrations of 5.6 and 5.9 mEg/L for intra
venous and nebulized therapies, respectively; reductionsin
potassium of 0.87 and 0.61 mEg/L for intravenous and nebu-
lized therapies, respectively; p values not stated). Sixty min-
utes after the second dose, the concentrations dropped by an
additional 0.28 and 0.53 mEg/L, respectively (p values not
stated). The difference in onset of activity was not significant
but did favor intravenous treatment. However, a marked dif-
ference was seen at 300 minutes when the nebulized group
maintained a reduction of 1.19 mEg/L versus areduction of
only 0.7 mEg/L in the intravenous group. When abuterol was
given intravenously, six children (60%) experienced mild
tremor, one (10%) had mild vasomotor flushing, and three
(30%) had no adverse effects. When the drug was nebulized,
four children (40%) experienced tremor aone, two (20%) had
tremor with nausea, one (10%) had only mild vasomotor
flushing, one (10%) had tremor with vasomotor flushing, and
two (20%) had no adverse effects. The authors concluded that
since there was amgjor difference in potassium reduction be-
tween the two routes of administration at 300 minutes, nebu-
lized dbuterol is preferable over intravenous albuterol in the
treatment of emergency hyperkalemiain children.

Allon and Shanklin®® studied the effect of abuterol admin-
istration on potassium removal by subsequent hemodialysis.
Seven patients underwent dialysis 30 minutes after receiving
nebulized albuterol 20 mg. One or two weeks later, as a con-
trol, they received hemodiaysis with no abuterol treatment.
The mean pretrestment potassium concentrations were 4.54 +
0.18 and 4.50 + 0.10 mEg/L, respectively. When treated with
albuterol, potassium concentrations fell within 30 minutes by
0.84 + 0.06 mEg/L (p < 0.001); no change was seen with the
control group. During dialysis, serum potassium concentra-
tions remained cons stently lower with abuterol trestment (p
< 0.01). However, the cumulative amount of potassium re-
moved by dialysis was 31-68% lower with albuterol (29.0 £
5.7 vs. 49.6 £ 7.0 mEq; p < 0.001). With dbuteral treatment,
plasma glucose, insulin concentrations, and heart rate rose
significantly. The authors concluded that albuterol adminis-
tration significantly reduces the potassium removal during
dialysis, which may result in rebound hyperkal emia several
hours later.

Drug Information Rounds

CONCLUSIONS

Hyperkalemiaisamedical emergency because of its po-
tentially life-threatening conseguences in patients with chron-
ic rena failure. Treatment for emergency situations should
not only be effective, predictable, and fast, it must aso be safe
and have minimal adverse reactions. Albuterol is a 3,-adren-
ergic agonist that has a stimulatory effect on Na'—K* ATPase
and the resultant intracdl lular shift of potassum. Therefore, it
isalogical choicefor usein the treatment of hyperkalemia.

Clinical trials support the hypokalemic efficacy of al-
buterol in patients with chronic renal failure. It is effective
when used by either the intravenous (adult dose 0.5 mg) or
nebulized (adult dose 20 mg) routes. Potassium concentra-
tions begin to fall within 30 minutes of administration, are
maintained at a constant reduced concentration for approxi-
mately 60 minutes, and are still depressed at 300 minutes
when dbuterol is nebulized.

As parenteral forms of albuterol are not commercially
availablein the US, the nebulized route remainsamore viable
option. Most medical professionals are familiar and comfort-
able with this convenient route of administration aswell. The
use of a metered-dose inhaler (MDI) may offer an easy and
rapid means of albuterol administration in this situation.
However, it may be difficult to coordinate inhaler usein an
emergency setting in patients who are unfamiliar with the
proper technique for MDI use. Furthermore, the efficacy of
MDI usein this situation has not yet been evaluated.

There are some problems associated with the use of al-
buterol for the treatment of hyperkalemia. As mentioned ear-
lier, abuterol, like insulin and glucose, results only in atem-
porary intracellular shift of potassium and does not actually
remove potassium from the body. Therefore, its use must ill
be followed by the administration of ion-exchange resins or
theingtitution of hemodiaysis. The efficacy of hemodiaysis
in removing serum potassium depends on the concentration
gradient between the potassum in the blood and the didysate.
Intracellular shifts of potassium with abuterol treatment that
decrease the serum potassium concentration should also limit
the ability of hemodiaysisto remove potassum. If hemodia-
ysisisingituted while the dbuterol effects are till significant
(within 34 h), it may be necessary to redialyze patients to
prevent possible rebound hyperkaemia as the abuterol wears
off and potassium reequilibrates.®

Another concern is resistance to the effects of abuterol ob-
served in patients in various studies.”%1214 Resstance to B-re-
ceptor stimulation has been shown to develop with advancing
age.’® Thismay be related to elevated circulating concentra
tions of endogenous catecholamines often found in the elder-
ly.21415 It has also been suggested that uremic patients may be
less responsive to 3-agonists due to a hypersenstivity of their
a-receptors.’2 Certain other populations have been shown to
be more resistant to abuterol. These include patients with hy-
pertension, patients with volume overload, and African-
Americans.®* The efficacy of abuterol isaso questionablein
patients using digoxin, which inhibits the Na'—K* ATPase, or
3-blockers.”** Because of the possibility of encountering re-
sistance, dbuteral should be used with insulin and glucose to
ensure a sufficient response in emergency Situations.

Albuterol trestment is associated with various adverse re-
actions. Theseinclude dight tachycardia, tremor, elevation in
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blood glucose and insulin concentrations, and vasomotor
flushing. These effects are generaly mild and saf-limiting.

In conclusion, hyperkalemia with electrocardiographic
changesis amedicd emergency requiring hemodialysis. Be-
cause of the inevitable delay in initiating dialysis, temporary
measures are required. Intravenous cal cium should be admin-
istered immediately to counteract the adverse cardiac effects.
A method to remove the potassium from the body, such as
resin administration, should be instituted. However, since re-
sults of resin administration are not immediate, insulin with
glucose should be administered to rapidly shift potassumin-
tracellularly. Nebulized abuterol has been shown to be effec-
tive for the temporary treatment of hyperkalemiain adultsand
children with rend failure, and it can be added to insulin and
glucose therapy to provide an additive reduction in potassum
concentrations while minimizing the risk of hypoglycemia
from insulin. Its mild adverse effect profile and effectiveness
via nebulization make it safe and easy to administer. Al-
buterol aone, however, should be used with caution because
of the inconsistent response seen in some individuals. Al-
though further study is warranted, nebulized abuterol can be
added to insulin and glucose in the emergency treatment of
hyperkalemiain patients with end-stage rena disease under-
going hemodiaysis.
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