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ABSTRACT
Objective: To evaluate the clinical efficacy and comparison of potassium lowering effect of insulin infusion alone and insulin infusion with 
salbutamol nebulization.

Methods: This interventional study was conducted in a tertiary care hospital, for a period of one year. A total of 190 patients with hyperkalemia 
were divided into two groups. Group-A (diabetic [D] and non-diabetic [ND] patients) received salbutamol 20 mg three times daily (TDS) 
(nebulizer 5mg/2.5mL) administered over a period of 15 minutes with 10 units of regular insulin (diluted with 25% dextrose in non-diabetic 
only) over 30 minute TDS via infusion. Group-B (diabetic and non-diabetic patients) received 10 units of regular insulin (diluted with 25% 
dextrose in non-diabetic patients only) administered over 30 minute TDS via infusion. Potassium and glucose level was measured in patient 
blood sample after 0, 6, 12 and 24 hrs of treatment.

Results: The potassium level was decreased by 30.09% (D) and 31.98% (ND) in Group-A, whereas by 31.98% (D) and 20.49% (ND) in Group-B, 
after 24 hrs. Whereas blood glucose level in diabetic patients of Group-A and Group-B was found to decrease up to 28.85 % and 40.78 % 
respectively after 6 hours. Both the treatments were found to be effective without any complication i.e. hypoglycaemia and hypokalaemia. 
Moreover, renal, liver, cardiac and respiratory function test also did not show significant changes after treatments when recorded bihourly.

Conclusion: From the results, salbutamol nebulizer with insulin is more effective in the treatment of hyperkalemia in diabetic and non-diabetic 
patients.
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Comparing the Effect of Insulin Infusion Alone and in 
Combination of Insulin Infusion with Salbutamol Nebulization 
in Treatment of Hyperkalemia in Diabetic and Non-Diabetic 
Patients

1. INTRODUCTION

Hyperkalemia, usually defined as serum potassium 
concentrations greater than 5.5 mmol/L, is widely 
recognized as a direct and life-threatening complication. 
It is encountered more frequently in current medical 
practices due to the increasing incidence and prevalence 
of common chronic diseases, such as diabetes and chronic 
kidney disease, which disturb potassium homeostasis (1). 
Renal failure is associated with predictable abnormalities in 
composition of body fluids (2). Hyperkalemia mainly due to 
failure of renal adaptation to potassium imbalance resulting 
from a combination of intrinsic and extrinsic factors (3-5). 
Intrinsic factors includes decreased glomerular filtration rate, 
decreased distal delivery of sodium, selective reduction in 
distal tubule secretory function, impaired mineralocorticoid 
activity, and metabolic disturbances, such as acidosis and 
hyperglycemia (1). Common extrinsic factors are drugs that 
impair physiologic responses to hyperkalemia (e.g., various 
inhibitors of the renin-angiotensin-aldosterone system 

(RAAS), and potassium intake (e.g., a diet rich in potassium, 
or potassium supplements) (6). The frequency of chronic 
hyperkalemia is increased in current medical practice 
because RAAS inhibitors have undisputed beneficial effects in 
patient groups that are most susceptible to the development 
of hyperkalemia; for example, patients with chronic kidney 
disease (CKD), diabetes mellitus, or congestive heart failure 
(7). Intracellular shift of potassium is major defense against 
acute rise in serum potassium levels in patients with renal 
failure (8-9). Insulin via infusion and epinephrine are two 
major physiologic factors which promote this extrarenal 
potassium disposal (6). Renal potassium excretion is an 
effective but time consuming treatment for potassium 
homeostasis. During this long period of time, additional 
renal mechanism which are in action within minutes useful 
to lower acute potassium load (8).

In the management of hyperkalemia, combination therapy 
with an angiotensin-converting enzyme (ACE) inhibitor and 
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an angiotensin receptor blocker (ARB) should not be used in 
diabetic and non-diabetic patients with CKD and hypertension 
because more adverse events like severe hyperkalemia, 
kidney dysfunction, and hypotension can occur without any 
increase in benefits (10-12). Aggravating kidney function and 
hyperkalemia can arise in some CKD patients after starting 
Renin-Angiotensin-Aldosterone System (RAAS) inhibitor 
(ACE-I or ARB), it can lower glomerular filtration rate and can 
slower potassium secretion. Therefore, it is useful to monitor 
serum potassium and roughly glomerular filtration rate 
within several weeks of starting or accelerating a RAAS (13). 

Terminating these drugs is helpful in controlling or treating 
hyperkalemia, but it can enhance the risk for kidney disease 
advancement and cardiovascular events.

The spectrum of hyperkalemia ranges from single episodes, 
sustained, recurrent or severe cases of hyperkalemia that 
require dialysis; but consistently mild, moderate, or severe 
hyperkalemia are not defined. Moreover, the cardio toxic 
effects of a particular potassium concentration depend 
on the baseline value, the rate of increase in potassium 
concentration, as well as the acid-base status, and serum 
calcium concentration (14). Mild to moderate hyperkalemia 
is commonly asymptomatic. Patients with moderate to 
severe hyperkalemia may complain of nausea, palpitations, 
muscle weakness, or paresthesia. Therefore, moderate 
and especially severe hyperkalemia can lead to cardiac 
arrhythmias and conduction abnormalities that may be 
dangerous. Rapid decline in serum potassium is generated 
by administration of insulin via infusion and salbutamol 
(nebulization) but electrocardiographic (ECG) changes is 
a medical emergency (15). Intravenous calcium gluconate 
should be given in patients with characteristic ECG changes 
because of hyperkalemia. Lower the potassium by giving 
intravenous insulin with glucose or a beta2 agonist by 
nebulizer, or both. Total body potassium should usually be 
lowered with sodium polystyrene sulfonate. (16-18). The 
aim of our study was to evaluate the clinical efficacy and 
comparison of potassium lowering effects of insulin infusion 
alone and insulin infusion with salbutamol nebulization in 
diabetic and non-diabetic patients.

2. METHODS

2.1. Study Design

A prospective observational study was conducted in tertiary 
care hospital for a period from July 2018 to June 2019. Total 
patient included in this current study from Medical Intensive 
Care Unit (MICU) and their medical case files were used to 
note the relevant clinical information in specific case record 
form (CRF). A total of 190 patients were enrolled after 
analysis of their present illness and on the bases of inclusion/
exclusion criteria. Patients having serum potassium level 
more than 6 mmol/L were included in the study. The patients 
having an Ischemic heart disease and already receiving one 
or more of the following drugs i.e. Beta blocker, digoxin, beta 
agonist and diuretic therapy were excluded from study. These 

patients were randomly divided into two groups (Group-A & 
Group-B) and each group having ninety five (95) patients. 
These two groups were further categorized into diabetic (D) 
and non-diabetic (ND). Group A received salbutamol 20 mg 
TDS (nebulizer 5mg /2.5mL) administered over a period of 15 
minutes with 10 units of regular insulin (Insulin diluted with 
25 % dextrose only in non-diabetic patients) administered 
over 30 minute TDS via infusion. Group B received 10 units 
of regular insulin (Insulin diluted with 25% dextrose only in 
non-diabetic patients) administered over 30 minute TDS via 
infusion only. Blood samples were taken immediately after 
starting the treatment i.e. 0 min (at the time of treatment 
means 30 min after meal), 6, 12 and 24 hrs after treatment. 
Potassium and glucose levels were measured in these 
samples. Blood pressure, pulse, temperature, respiratory rate 
were monitored during the study period. Electrocardiography 
(ECG) was recorded for each patient at specified interval. 
During the study period patients were given treatment 
according the protocol and patients were not received any 
other medication that effecting serum potassium levels 
like furosemide, bicarbonate, beta blockers. Any unwanted 
effects observed or complained by the patient were 
recorded. The study protocol was approved by Institutional 
Ethic Committee (MMIEC/2019/1314). All patients provided 
the written informed consent to participate after a full 
explanation of the study. The current study was conducted 
in accordance with the code of Good Clinical Practice (GCP). 
Results are expressed as Mean ± standard deviation (SD). The 
level of significance established at a P value of less than 0.05.

 

Figure 1. Study Design

3. RESULTS

In this study, total number of patient encountered were 
one hundred ninety (n=190). Out of them 95 patient were 
received insulin via infusion with salbutamol (nebulization) 
(Group-A) and other ninety five (n=95) were received 
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insulin via infusion alone (Group-B) (Fig 1). On the basis of 
demographic details, most of patients in both the Group-A 
and Group-B were in range of 51-65 year of age (Table-1). 
Majority of patients were male 62 (95) i.e. 65% in both the 
groups while female patients were lesser only 33(95) i.e. 35% 
in both the groups respectively. The percentage of diabetic 
and non-diabetic patients in Group-A were 47% and 53% and 
in group B were 53% and 47% respectively.

Table 1. Distribution of patients on the basis of age

Group

Group-A: Insulin via infusion 
with Salbutamol (nebulization) 

(n=95)
Group-B: Insulin via 

infusion (n=95)

Age No. of Patient Percentage
No. of 
Patient Percentage

35-50 39 41% 34 36%
51-65 44 46% 45 47%
66-80 12 13% 16 17%

(Results showed in percentage)

Figure 2. Comparison of Potassium level between group A (Insulin 
via infusion with Salbutamol nebulization) and group B (Insulin via 
infusion) after 6, 12, 24 hours of interval in diabetic (D) and Non 
Diabetic (ND) patients. *p<0.05 other treatment regimens group.

Table 2. Comparison between group A and group B on potassium 
level after 6, 12, 24 hours of interval in diabetic and non-diabetics 
patients

Laboratory 
parameter

Group-A : Insulin (infusion) 
with

 Salbutamol (nebulization)
 (D n=45) (ND n=50)

Group-B: Insulin 
(infusion) alone

 (D n=50) (ND n=45)

Potassium 
(Initial) 7.01±0.61 6.91±0.45

6.88±0.54 6.76±0.72

Potassium 
(after 6 hours) 6.49±0.76 6.40±0.66

6.60±0.73 6.45±0.56

Potassium 
(after 12 hours) 5.72±0.50 5.58±0.48 6.11±0.69 5.94±0.65

Potassium 
(after 24 hours) 4.90±0.54* 4.70±0.51* 5.47±0.62  5.27±0.59

% Decreased
(After 24 hours) 30.09% 31.98 % 20.49% 22.04 %

*p<0.05 consider as significant when compare with initial level of Potassium 
in serum.
Values are in mean ± standard deviation (Units – mmol/L)

The plasma potassium concentration at baseline (initial) was 
approximately similar in all the patients of both the groups 
(Fig 2). The results clearly showed that the serum potassium 
levels was started to fall in both the group after initiation 
of therapy. Serum potassium level in diabetic patients 
(7.01±0.61mmol/L to 4.90±0.64 mmol/L) (30.09%) and non-
diabetic patients (6.91±0.45 to 4.70±0.51 mmol/L) (31.98 
%) of Group-A was significantly (p<0.05) decreased after 24 
hours of treatment (Table-2). But the level of serum potassium 
in diabetic patients (6.88±0.54 mmol/L to 5.47±0.62 mmol/L) 
(20.49%) and non-diabetic patients (6.76±0.72 mmol/L to 
5.27±0.59 mmol/L) (22.04%) of Group-B was not significantly 
decreased after 24 hours of treatment.

The mean ± SD blood glucose level in diabetic and non-diabetic 
patients after 6hrs of treatment in Group-A were 151±13 mg/dL 
and 104±6 mg/dL, respectively. Moreover, in Group-B the mean 
± SD blood glucose level in diabetic and non-diabetic patients 
after 6 h were 180±21 mg/dL and 101±10mg/dL, respectively 
(Table 3). In both the groups, the blood glucose level in non-
diabetic patients was controlled (not significant change) with 
dextrose infusion but in diabetic patients the level of blood 
glucose was significantly decreased i.e. 40.78% (Group-A) and 
28.85% (Group-B) respectively, 6 hrs after the treatment.

Table 3. Comparison between group A and group B on blood glucose
Laboratory 
parameter

Time Group-A: Insulin 
via infusion with 
Salbutamol nebulization

Group-B: Insulin via 
infusion

Blood glucose 
concentration 
(mg/dL)

D (n-45) ND (n=50) D (n=50) ND (n=45)
0 min 255±32 103±11 253±37 109±12
1 hr 200±16  112±9 209±27 107±11
3 hr 175±11 110±10 189±19  101±8
6 hr  151±13*  104±6  180±21 * 101±10
% 40.78 5.4 28.85 7.3

D = Diabetic; ND = Non Diabetic, *p<0.05; Values are in mean ± standard 
deviation

0 min (initial reading or at the time of Treatment) means 30 min after meal.
The results clearly indicates that, there is no significant 
difference and changes in the level of Liver Function Test (LFT 
i.e. SGOT, SGPT, alkaline phosphatase) (Fig 3), Renal Function 
Test (RFT i.e. urea, creatinine, uric acid) (Fig 4), and the level 
of electrolytes (i.e. sodium & chloride) (Fig 5) in group A and 
group B respectively after and before the treatment (Table-4).

Figure 3. Comparison of LFT parameter (SGOT, SGPT, ALP) between 
group A (Insulin via infusion with Salbutamol nebulization) and 
group B (Insulin via infusion) in diabetic and Non Diabetic Patients.
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Figure 4. Comparison of RFT parameters (urea, creatinine, uric acid) 
between group A (Insulin via infusion with Salbutamol nebulization) 
and group B (Insulin via infusion) in diabetic and non-diabetic 
patients

Figure 5. Comparison of electrolytes (sodium, & chloride) between 
group A (Insulin via infusion with Salbutamol nebulization) and 
group B (Insulin via infusion alone) in diabetic and non-diabetic 
patient

Table 4. Comparison of various biochemical parameters between group A and group B

System Parameters Group-A Group-B
Before Treatment After 24 hrs of 

Treatment
Before

Treatment
After 24 hrs of 

Treatment

Blood Pressure
Systolic (mmHg) 132.21±11.25 127.42±13.86 129.32±8.9 122.11±7.6
Diastolic (mmHg) 83.03±9.12 76.94±10.16 80.37±5.8 79.51±7.7
Heart Rate (Beats / Minute)

85.11±6.65 81.88±8.44 80.15±7.27 78.08±5.80

Respiratory 
System

Respiratory Rate (Breaths /
minute) 21.09±1.97 20.22±2.24 20.35±1.09 20.08±1.77
Arterial Oxygen Saturation 
(%) 94.31±6.80 95.12±4.65  93.48±4.72 94.36±4.19

Haemogram Test
HB (g/dL) 11.98±1.98 12.04±1.66 10.62±1.19 10.96±2.20
TLC (109/liter) 11.35±1.79 11.99±1.16 7±0.97 7±1.09
Platelet (109/ liter) 2.81±0.21 2.89±0.43 3.42±0.54 3.45±0.90

Liver Panel Tests
Total Bilirubin (mg/dL) 0.96±0.15 0.90±0.26 0.95±0.20 0.89±0.35
Direct Bilirubin (mg/dL) 0.33±0.04 0.31±0.19 0.34±0.09 0.33±0.11
Total Protein (g/dl) 6.81±0.90 7.02±0.94 6.51±1.44 6.79±1.12
Serum Albumin (gm/dl) 3.41±0.55 3.56±0.70 3.39±0.62 3.44±0.75
SGOT (U/L) 39.65±4.2 40.05±3.9 38.95±8.48 38.40±6.71
SGPT (U/L) 40.07±4.11 40.59±3.92 39.90±8.66 38.83±5.87
ALP (IU/L) 105.48±17.7 102.35±10.1 103.6±19.62 102.6±13.31

Renal Function 
Test

Blood Urea Nitrogen (mg/dL) 22.25±3.71 21.98±3.24 27.51±5.5 26.23±6.1
Serum Creatinine (mg/dL) 3.96±0.33 3.04±0.29 3.62±0.39 3.23±0.52
Serum Uric acid (mg/dL) 7.01±0.69 6.94±0.90 6.7±0.50 6.6±0.54

Electrolytes
Sodium (mEq/L) 140.28±10.87 135.28±12.30 139.62±6.28 138.62±7.39
Chloride (mEq/L) 100.94±6.05 101.36±7.033 101.74±6.10 103.09±5.35

*p<0.05 consider as significant when compare with initial level. Values are in mean ± standard deviation
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No significant change was noted in heart rate, blood pressure, 
temperature, respiratory rate and electrocardiogram. All the 
treatment modalities were well tolerated. No side effect in 
any patient was noted.

4. DISCUSSION

Regulation of potassium in the nephron depends on 
passive and active mechanisms. Potassium is filtered in 
the glomerulus and approximately 60-75% of the filtered 
potassium is reabsorbed in the proximal tubule (PT) by 
diffusion. Approximately 15-20% of the filtered potassium is 
reabsorbed in the thick ascending limb of the Loop of Henle 
by several co-transporters and ion channels. Excretion mainly 
occurs in the cortical collecting duct (19). Hyperkalemia may 
result by an increase in total body potassium secondary to 
imbalance of intake vs. excretion or from maldistribution 
between intra and extracellular space. Acid-base balance 
can affect the balance between cellular and extracellular 
potassium concentration. Acidosis increases the plasma K+ 
concentration by inducing a net shift of K+ from the cellular 
to the extracellular compartment in exchange with H+, 
also leading to a reduced tubular secretion of potassium 
(20). Low level of insulin in diabetes mellitus results to 
accumulation of potassium in the extracellular space. 
Insulin shifts potassium into cells by stimulating the activity 
of Na+-H+ antiporter on cell membrane, promoting the 
entry of sodium into cells, which leads to activation of the 
Na+-K+ ATPase and inhibition of potassium efflux (21).

In clinical Practice management of hyperkalemia 
provide only transitory improvement by shifting K+ into 
intracellular space without actually eliminating potassium. 
Insulin infusion/dextrose administration is important in 
preventing a large change in extracellular fluid (ECF) K+ 
concentration as it increases potassium uptake into liver 
and muscle cells by stimulating Na+/K+ ATPase. Moreover, 
beta-adrenergic agonists (salbutamol) bind to beta-2 
receptors on muscle cells, stimulate Na+/K+ ATPase and 
increase K+ shift into cells (22). Salbutamol can be applied 
via nebulizer or given intravenously. It was reported that, 
salbutamol via nebulizer has a profound effect in lowering 
the serum potassium level in dose dependent manner but 
several limitations associated such as tremor, hypokalemia, 
hyperglycemic ketoacidosis and tachycardia (23-24). 
Therefore, we were investigating and comparing the effect of 
these modalities with mentioned possibility in diabetic and 
non-diabetic patients.

According to the results of this studies, the mean potassium 
level in group A (both diabetic and non-diabetic patients) was 
significantly reduced within twenty four hours of treatment 
administration. This finding is consistent with results of a 
multi-systemic review study in which it was reported that 
the significant decrease level of potassium occur after 60 
min of treatment (3). Decrease in mean potassium levels 
was (D-30.09%) and (ND-31.98 %) in Group-A (treated by 
insulin infusion with salbutamol nebulization) than Group-B 
(insulin infusion alone) probably due to the stimulation of 

beta – adrenergic receptors in pancreas resulting in insulin 
release which causes an additive effect. Our study showed 
that there was slightly increase in blood glucose level after 
one hour of nebulized salbutamol only in non-diabetic 
patients, this finding is similar to results of previous study 
(25). Moreover, in the current study, electrolytes, LFT, 
RFT was not significantly changed in both treated groups. 
Appropriate care and close monitoring should be considered 
during treatment of non-diabetic patients by insulin infusion 
with nebulized salbutamol.

5. CONCLUSION

In treatment of hyperkalemia, the combination of medications 
with different therapeutic approaches is usually effective. 
Our study confirms that, insulin infusion (intravenous) and 
beta-adrenergic agonist’s nebulization have the quickest 
onset and appear to be effective and safe when administered 
together, than intravenous insulin infusion alone in diabetic 
and non-diabetic patients. Ideally combination should be 
preferred under control conditions for treating hyperkalemia 
without hypokalemia and hyperglycemic ketoacidosis.
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