Acute Therapy for Hyperkalemia with the Combined Regimen of
Bicarbonate and Beta,-adrenergic agonist (salbutamol) in Chronic

Renal Failure Patients

This study was aimed to evaluate the efficacy of combination therapy of bicarbonate
and salbutamol for hyperkalemia in 9 hemodialysis patients. Simultaneous admin-
istration of 8.4% sodium bicarbonate (i.v., 2 mEqg/kg) for 1/2 hour and salbutamol (15
mg) in nebulized form for 10 min was compared with treatment modality of either
bicarbonate or salbutamol alone. Infusion of sodium bicarbonate induced a
significant rise in plasma bicarbonate from 17.3 +3.2 fo 22.1 + 2.4 mEg/L (p<0.01),
but was ineffective in lowering plasma potassium (-0.13+0.06 mEg/L). As ex-
pected, salbutamoal significantly lowered plasma potassium (- 0.57 +0.03 mEg/L, p<
0.02 vs. basal value) in all except 2 patients. The combined regimen of bicarbonate
and salbutamal to a total 9 patients including 2 patients without hypokalemic effect
to salbutamol alone revealed a substantially greater fall in plasma potassium (- 0.96
+0.08 mEqg/L, p=0.000 vs. either drug alone) accompanied with significant in-
crease in plasma bicarbonate and blood pH. Treatment with salbutamol or the
combined regimen produced slight increases in heart rate, but not in blood pressure.
It is concluded that the combined regimen of bicarbonate and betas-adrenergic
agonist (salbutamol) could be recommended as an efficient alternative for severe
hyperkalemia in uremic patients, and is suggested that the enhanced transcellular
hypokalemic effects of salbutamol in this combined regimen with bicarbonate would
be related to the activation of Na-K pump with acute correction of underlying
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metabolic acidosis. (JKMS 1997;12:111~6)

INTRODUCTION

Vatious therapeutic approaches to lower plasma po-
tassium level in severe hypetkalemia of end-stage renal
disease (ESRD) patients have been recommended for
hypetkalemic emetgencies (1~4). Of them, the definitive
treatment of severe hypetkalemia in ESRD patients is to
remove potassium from the body by dialysis, preferably
hemodialysis. Howevet, the initiation of dialysis is often
delayed, especially at night or on weekend and other
therapeutic apptoaches have been utilized as temporizing
measutes until dialysis becomes available.

After the setious cardiotoxic effects of hyperkalemia
was antagonized by the intravenous administration of
calcium salts, the most commonly utilized therapeutic
approaches in a recent survey were intravenous admin-
istration of sodium bicarbonate and insulin with glucose
(5). Also, the betay-adtenergic agonist such as albutetol
ot salbutamol, eithet in nebulized form ot by intravenous
route, have also been shown to have a potassium-
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lowering effect in hemodialysis patients (6, 7). Howevet,
clinical investigations in the past few years raised doubts
about the wtility of intravenous bicarbonate alone for the
acute treatment of hyperkalemia (3, 8) while a new ob-
servation noticed the enhanced potassium-lowering effect
of insulin with glucose by the simultaneous adminis-
tration of bicarbonate as a combined therapy (9). Mote-
ovet, the addition of betar-adrenergic agonist (albuterol)
to insulin with glucose as the combined therapy for
hyperkalemia was shown to be efficacious and safe in a
recent study (10).

To date, since it is unknown whether a similar
synergism exists between bicatbonate and beta,-adren-
etgic agonist (albuterol ot salbutamol), the present study
was undertaken to evaluate the potassium-lowering effect
of the combined regimen of betay-adrenergic agonist
(salbutamol) and intravenous bicarbonate, and to com-
pare the effect with that of salbutamol in nebulized form
alone and with that of bicarbonate alone in hyperkalemic
ESRD patients.
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MATERIALS AND METHODS

Nine patients on maintenance hemodialysis with body
weights between 55 and 65 kg and predialysis plasma
potassium greater than 5.5 mEqg/L on 3 consecutive mea-
surements wete recruited to the study after informed
consent for participation had been obtained. No one had
a history of diabetes mellitus nor had anyone received
any medication interfering with potassium homeostasis
such as beta-adrenergic blockets, angiotensin converting
enzyme inhibitors or digitalis. The patients were 7 men
and 2 women, with ages ranging from 38 to 63 years
(mean*SE, 51.713.4 years).

Each subject was studied in three separate phases
separated from one another by at least 1 week. The
studies in each phase were petformed in the recumbent
position following an overnight fast immediately before
a tegularly scheduled hemodialysis. Indwelling venous
catheters wete placed into a radial arteriovenous fistula
for repeated blood samplings. After obtaining a baseline
blood sample, each subject teceived one of three
treatments : (a) 8.4% sodium bicarbonate, 2 mEq/kg,
given as an intravenous infusion over 30 minutes ; (b)
a nebulized treatment of salbutamol, 15 mg in 3 ml
notmal saline, inhaled over 10 minutes ; or {c) a com-
bined regimen consisting of intravenous bicarbonate plus
nebulized salbutamol treatment.

Basal levels of plasma potassium and blood gas
parameters were measured before and after treatment
with one of the three expetiments at 60 minutes. Blood
pressute and pulse rates were measured at baseline and
immediately before each blood sampling. All blood
samples were collected in heparinized tubes, were cen-
trifuged promptly, and were assayed for plasma po-
tassium by flame photometry and blood gas analysis for
pH and calculated bicatbonate concentrations with a
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blood gas analyzer (Corning 178, Cotning Medical and
Scientific, Mass., USA).

All values are expressed as mean = SE. Statistical
compatisons between the baseline and subsequent values
wete petformed by analysis of vatiance and the paired
Student's # test analysis. Differences within groups were
analyzed by the Wilcoxon signed ranks test. A p value
less than 0.05 was considered statistically significant.

RESULTS

The mean basal plasma potassium concentrations wete
similar in all three experimental phases (5.96 to 5.99
mEq/L, see following).

As shown in table 1, duting bicatbonate infusion
alone, mean plasma potassium level was 5.981+0.24
mEq/L before and declined slighdy to 5.8410.34
mEq/L without significance. As expected, nebulized
salbutamol alone produced a significant fall in plasma
potassium from 5.99%0.30 to 54212050 mEq/L
(p<0.05). The combined therapy with bicarbonate and
nebulized salbutamol showed the most rapid decline in
plasma potassium from 5.96+0.31 tw 5.00%0.31
mEq/L (p= 0.000), a greater fall in plasma potassium
than that with nebulized salbutamol alone. Following
bicarbonate infusion, 5 of 9 study subjects (56%) showed
an increase in plasma potassium concentrations from
baseline values (Fig. 1, 2). Two patients (22%) seemed
relatively resistant to the hypokalemic effect of nebulized
salbutamol alone while all patients responded to the
combined therapy with unanimous decline from baseline
potassium levels, suggesting a greater intracellular shift
of potassium by the simultanecus administration of
bicarbonate (Fig. 1, 2). The individual change in plasma
potassium ranged from 0.1 to -0.4 mEqg/L (mean * SE,

Table 1. Changes of plasma potassium, bicarbonate, and pH after 1 hour following intravenous infusion of bicarbonate, nebulized

salbutamol, and in combination of them

Bicarbonate Salbutamol Bicarbonate + Salbutamol
K (mEg/L)
Before 598 + 024 599 + 0.30 596 + 0.31
After 584 + 0.34 542 + 0.50 5.00 + 0.31
P NS < 0.05 0.000
HCO; (mEg/L)
Before 203 + 32 200 = 21 210 = 25
After 251 + 24 212 + 21 260 = 24
p < 0.01 NS < 0.01
pH
Before 733 £ 0.04 7.35 = 0.02 734 = 0.03
After 741 = 0.03 7.36 = 0.03 742 + 0.04
o] < 0.01 NS < 0.01

NS = not significant
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Fig. 1. Changes in plasma potassium of individual study subjects(n=9) following intravenous infusion of bicarbonate,

nebulized salbutamol, and in combination of them.

-0.13 + 0.06 mEqg/L) after bicatbonate, 0.1 to -0.9
mEq/L (mean £ SE, -0.57 £ 0.12 mEq/L) after nebu-
lized salbutamol alone, and -0.6 to -1.2 mEq/L (mean =
SE, -0.96 & 0.08 mEq/L ) after the combined therapy,
respectively (Fig. 2).

The basal plasma bicatbonate concentrations and pHs
wete lower than normal, indicating the presence of mild
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Fig. 2. Individual change of plasma potassium from baseline
value following intravenous infusion of bicarbonate, nebulized
salbutamol, and in combination of them.

metabolic acidosis, and were similar in all three exper-
imental phases (Table 1). The plasma bicatbonate con-
centration increased from 20.3£3.2 to 25.14+2.4 mEq/L
with infusion of bicatbonate alone, and from 21.0£2.5
to 26.0+2.4 mEq/L with combined treatment of bicat-
bonate plus nebulized salbutamol. Simultaneously, the
blood pH rose from 7.33 £0.04 to 7.41£0.03 (p<<0.01)
with bicatbonate alone, and from 7.34%0.03 to 7.42%
0.04 (p<0.01) with the combined treatment. The admin-
istration of nebulized salbutamol did not show any
significant changes from basal values in plasma bicat-
bonate and pH (Table 1).

As shown in table 2, the baseline mean blood pressures
as well as the baseline heart rates before the admin-
istration of nebulized salbutamol alone or nebulized
salbutamol plus bicatbonate infusion were not signifi-
cantly different. After treatments, the heart rate rose
mildly from 78%5 to 92%3/min with nebulized
salbutamol alone (p<<0.05) and from 8112 to 9312
/min with the combined treatment (p<<0.05), whereas
the blood pressure following both regimens did not show
any significant changes. Moreovet, no one of the 9 study
subjects complained of tremor, palpitation ot chest pain
after the administration of either nebulized salbutamol
alone or nebulized salbutamol plus bicarbonate.
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Table 2. Clinical parameters before and after nebulized salbutamol or combined treatment with nebulized salbutamol and bicarbonate

Parameters Before treatment After treatment p
Heart rate (beats/min)
Salbutamol 78 £ 5 P + 3 < 0.05
Salbutamol + Bicarbonate 81 + 2 93 + 2 < 0.05
Blood pressure (mmHg)
Salbutamol 153 + 4/84 £ 5 151 + 4/8 £ 5 NS
Salbutamol + Bicarbonate 150 + 3/81 £ 4 148 + 4/80 £ 5 NS

DISCUSSION

Despite close monitoting and tepeated dietary coun-
seling, the patients with advanced renal failure and on
maintenance hemodialysis are at a high risk for life-
threatening hyperkalemia, which is associated with high
morttality rates itself or is often accompanied with cardiac
artest of unknown cause (11~13).

Based on these considerations, various therapeutic
approaches have been developed for acute therapy of
hypetkalemia in patients on chronic dialysis. Besides the
reversal or removal of the specific aggravating causes of
the hypetkalemia such as dietary potassium excess,
fasting, and drugs including beta-adrenergic blockers or
angiotensin converting enzyme inhibitors (2), the acute
therapy of hyperkalemia desctibed in the standard med-
ical or nephrology textbooks or in the recent reviews of
management of hyperkalemia can be divided into three
genetal categoties (2, 4, 14) : 1) to oppose the direct toxic
effects of hypetkalemia on the cell membrane with
calcium salts ; 2) to promote cellular uptake of potassium
by sodium bicarbonate, insulin with glucose, ot beta,-
adrenergic agonists ; and 3) to remove potassium from
the body with diuretics, cation-exchange tesins, or
dialysis.

Among these apptoaches, infusion of calcium salts was
chosen as the preferred initial treatment for sevete
hypetkalemia in ESRD for the efficient and rapid
antagonizing effect of setious cardiac toxicity of hypet-
kalemia (5), but the effect is quite transient because it
neither lowers plasma potassium nor removes potassium
from the body. Moteover, thete are certain limitations in
selecting the above therapeutic options for ESRD patients
on dialysis. For example, diuretics can do little to
enhance renal potassium excretion in virtually anephtic
ESRD patients. Cation-exchange resins (e.g. Kayexalate)
have a relatively slow onset of action, 1~2 hours, which
limits cheir usefulness in the acute therapy of sevete
hyperkalemia. Undoubtedly, the emetgent hemodialysis
is the most effective and definitive method for the
removal of excess potassium, but the initiation of hemo-
dialysis often involves 1 to 2 hours delay, and is often

unavailable at night and on weekend. Hence, there is a
need for other tempotizing measures useful for the acute
treatment of hyperkalemia prior to initiation of hemo-
dialysis.

After the myocardium is stabilized with intravenous
calcum salts, the tempotizing measures directed at
decreasing plasma potassium acutely by the transcellular
shift are often used prior to initiation of hemodialysis.
These measures include 3 principal modalides including
intravenous sodium bicarbonate, insulin with glucose,
and betay-adtenergic agonists (albuterol ot salbutamol) in
nebulized form or intravenous toute. Most of the previous
observations have been made on the individual effect of
these three basic modalities as mono-therapy, but
recently two studies introduced the efficacious and safe
modalities for the acute treatment of hypetkalemia in
ESRD patients with the combined regimens as
dual-therapy. Those combined regimens are insulin with
glucose plus betar-adrenergic agonist (albuterol), and
bicarbonate plus insulin with glucose (9, 10), but not
dual-therapy of bicatbonate plus betas-adrenergic agonist.
Therefore, the main aim of this study was to compate
the potassium-loweting effect of the combined regimen
with bicarbonate and beta,-adrenergic agnonist using
salbutamol, to that of either regimen alone.

Despite the widely held view in the standard ne-
phrology and electrolyte textbooks that sodium bicat-
bonate is effective in loweting plasma potassium, several
prospective clinical studies showed no change in plasma
potassium duting one hour of administration of bicat-
bonate to hemodialysis patients, and questioned its
usefulness for the acute therapy of hyperkalemia in ESRD
patients (3, 8, 9). Also, in the current study, intravenous
infusion for 1 hour failed to lower plasma potassium in
ESRD patients. Therefore, the role of intravenous bicat-
bonate alone as a mono-therapy for acute therapy of
hyperkalemia in ESRD patients remains questionable
untl further clatification.

Our data confirmed the previous observations that
beta,-adrenergic agonists ate effective in reducing plasma
potassium rapidly and reliably. Beta-adtenetgic agonists
translocate potassium intracellulatly by activation of the
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Na-K pump but by different cellular mechanisms from
hypokalemic effect of insulin (15). Beta,-adrenetgic ago-
nists activate Na-K ATPase by stimulating cyclic adeno-
sine ttiphosphate (cAMP) as a second messenget. There-
fore, we can speculate that this activation of the Na-K
pump would somehow enhance the hypokalemic effect
of beta,-adrenergic agonist. For example, the combined
therapy of albuterol plus insulin with glucose has shown
to cause a substantially greater decrease in plasma
potassium than each drug alone (10).

In the present study, bicatbonate alone had little effect
on plasma potassium, but it enhanced the hypokalemic
effect of nebulized salbutamol ; the combination therapy
reduced plasma potassium much mote than nebulized
salbutamol alone (0.57+0.03 vs. 0.9610.08 mEq/L. p
=0.000, Fig. 2). Furthermore, 2 of 9 study patients wete
refractory to the potassium-lowering effect of nebulized
salbutamol alone as noticed in a subset of ESRD patients
of the previous study (6, 7), but which was cotrected by
the simultaneous administration of intravenous bicat-
bonate in the combined regimen (Fig. 1).

Chronic renal failure is associated with an impairment
of Na-K pump activity. The etiology of the defect in
Na-K pump in uremia is pootly charactetized. Among
many factors the presence of metabolic acidosis was
proposed in addition to other factors such as fluid
ovetload, endogenous ouabain-like substance, thyroxine
deficiency, and hypetparathyroidism (16). Significant in-
creases in blood pH and plasma bicarbonate were noted
with the administration of bicarbonate alone or with that
of bicarbonate plus nebulized salbutamol in the combined
regimen. Therefore, the hypokalemic effect of nebulized
salbutamol enhanced by the addition of bicarbonate
might be trelated to alkalinization, perhaps through the
activation of the Na-K pump. The hypokalemic effect of
nebulized salbutamol through the activation of Na-K
pump by Na-K ATPase could be driven by increased Na
entty with the activation of Na/H jon antiporter like
insulin as shown in an animal study, which was further
enhanced by alkalemia with increased H ion efflux from
ECF when bicarbonate was administered simultaneously
7).

Despite beta, selectivity, betar,-adrenergic agonists still
could cause adverse cardiovascular effects, particulatly
after intravenous administration (7). But, there was no
other significant adverse cardiovascular side effects except
tachycardia in this study. This indicates that adminis-
tration of betar-adrenergic agonist in nebulized form may
be safer than the intravenous route, especially in patients
with undetlying atherosclerotic heart disease.

In conclusion, this data in some respect confirm the
ptevious findings: nebulized salbutamol alone is one of
the effective modalities for acute therapy of hyperkalemia
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in ESRD patients as a tempotizing measute, but bicat-
bonate alone is not. A new observation is that bicat-
bonate enhances the potassium-loweting effect of nebu-
lized salbutamol with partial cortection of undetlying
metabolic acidosis in ESRD patients. Hereby, the
combined regimen of nebulized salbutamol and bicat-
bonate can be proposed as an effective and safe modality
for the acute therapy of hyperkalemia in ESRD patients
as previously reported regimens such as bicatbonate and
insulin ot insulin and nebulized albuterol.
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