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Factors Associated with Hypokalemia after
Furosemide Treatment in Hospitalized Patients
with Acute Decompensated Heart Failure
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Abstract

Background: Hypokalemia, defined as serum potassium <3.5 mmol/L, is commonly associated with the use of loop
diuretics. Hypokalemia after furosemide treatment may lead to adverse outcomes in hospitalized patients with acute
decompensated heart failure (ADHF). Risk factors associated with hypokalemia in this patient population are not
well characterized. This retrospective case-control study aimed to identify risk factors and outcomes associated with
hypokalemia after furosemide treatment in hospitalized patients with ADHF.

Methods: The data were retrieved from the medical records using ICD-10 coding. Factors associated with hypokalemia
were analyzed using univariate and multivariate logistic regression analyses. Clinical outcomes associated with the
hypokalemia were also examined.

Results: A total of 350 patients met the eligibility criteria, of whom 101 patients developed hypokalemia after
receiving furosemide, while 249 patients did not. Furosemide dose >1.5 meg/kg, urine volume after furosemide
treatment >2 ml/kg/hour, higher baseline serum albumin and body mass index, the presence of baseline hypomag-
nesemia and lower baseline serum potassium were independently associated with hypokalemia after furosemide
treatment. Prior use of spironolactone was associated with a decreased risk of hypokalemia. Patients in the hypokalemia
group had significantly higher incidence of cardiac arrhythmia and sepsis compared with the non-hypokalemia
group.

Conclusion: Close monitoring of serum potassium among high risk patients may help reduce the incidence of

hypokalemia and adverse clinical outcomes in hospitalized patients with ADHF who received furosemide.
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Introduction

Congestive heart failure (CHF) impairs the quality of
life, increases mortality and requires substantial amount
of treatment resources. Diuretics are often used to reduce
fluid retention and alleviates the symptoms of HF.'?

Furosemide is a loop diuretic that works by inhibiting

the reabsorption of sodium, potassium, and chloride
in the thick ascending limb of the loop of Henle.”*
According to the previous study, administering furose-
mide to patients with HF was associated with a 30%
incidence of hypokalemia (serum potassium <3.5 mmol/L).

However, combining potassium supplements with
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furosemide reduced the risk of hypokalemia by 12%.’
Intravenous administration of furosemide at dose >1 mg/
kg within a 24-hour period has been shown to increase the
risk of hypokalemia, with an odds ratio of 1.21 compared
with no treatment.’

A previous study identified several risk factors
contributing to hypokalemia in patients with HF who
were on long-term furosemide treatment in an outpatient
setting. These risk factors included advanced age, chronic
kidney disease, diabetes mellitus, and female sex.
Patients with acute myocardial infarction and HF appeared
to be more susceptible to hyperkalemia. Other types
of diuretics including thiazide, acetazolamide,
chlorthalidone, bumetanide, and metolazone can
also augment urinary potassium excretion leading to
hypokalemia.” A recent study revealed that thiazide
diuretics might have the greatest impact in lowering
serum potassium.® The presence of hypokalemia is
associated with increased mortality, cardiac arrhythmia,
and longer hospital stay among patients with HF.>*
The concurrent use of potassium supplements and
trying to maintain serum potassium within the normal
range have been shown to reduce mortality risk in these
patients.'*

Despite its clinical significance, factors associated
with hypokalemia in hospitalized patients with acute
decompensated heart failure (ADHF) requiring furosemide
treatment are not well characterized. Understanding
these risk factors could help reduce adverse clinical
outcomes. Therefore, the aim of the present study was
to identify risk factors and clinical outcomes associated
with hypokalemia after furosemide treatment in
hospitalized patients with ADHF.

Methods

This is a retrospective case-control study of
hospitalized patients with ADHF who received furosemide
therapy between 1 January 2017 and 31 December 2021.
The patient records were retrieved from the hospital
database using ICD-10 codes. The study protocol was
approved by the ethics committee of Police General

Hospital and informed consent was not required.

Outcomes

The primary outcome was risk factors associated with
hypokalemia after furosemide treatment in hospitalized
patients with ADHF. The secondary outcomes included
adverse clinical outcomes associated with hypokalemia
including death, cardiac arrhythmia, acute kidney injury
and sepsis within 7 days of hospitalization and the length
of hospital stay. The differences in the clinical outcomes
between the two groups of patients with >15% decline in
serum potassium and <15% decline in serum potassium
from baseline were also investigated. The cut-off of 15%
was chosen because the previous study has demonstrated
an increased risk of cardiac arrythmia and mortality as well
as prolonged hospital stay among patients with >15%
decline in serum potassium.

Operational definitions

Hypokalemia was defined as serum potassium
<3.5 mmol/L. Hypomagnesemia was defined as serum
magnesium <1.8 mg/dL. Cardiac arrhythmia was
characterized by abnormal heart rhythm manifesting
as tachycardia (heart rate >120 beats per minute) or
bradycardia (heart rate <60 beats per minute). ADHF
was defined as the presence of signs and symptoms
of structural or functional cardiac failure including
decreased physical activity, orthopnea, paroxysmal
nocturnal dyspnea, peripheral edema, jugular vein
distension, and the presence of S3 gallop. Heart failure
with reduced ejection fraction (HFrEF) required the
presence of left ventricular ejection fraction <40%.
Sepsis was a systemic inflammatory response syndrome
(SIRS) in response to an infectious process. SIRS required
the presence of two or more of the following criteria:
abnormal body temperature (<36 °C or >38 °C), heart
rate (>90 BPM), respiratory rate or blood gas (>20/min
or PaC0,<32 mmHg), and white blood cell count (<4000
cell/mm?, or >12,000 cell/mm?®, or >10% bands).

Participants

To be included in the study, patients had to fulfill
the following criteria: (1) age =18 years; (2) estimated
glomerular filtration rate (eGFR) >30 mU/min/1.73 m’;
(3) received =40 mg of furosemide within 24 hours;

(4) baseline serum potassium 3.5 - 4.5 mmol/L; and (5)
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availability of serum potassium within 24 hours after
the first dose of furosemide. The exclusion criteria
were as follow: (1) severe acute kidney injury stage 3 as
determined by the KDIGO criteria.'; (2) concomitant
use of other types of diuretics; (3) pregnancy; (4) kidney
transplant recipient; (5) presence of medical conditions
that could affect renal handling of potassium.

Sample size calculation

The calculation of the sample size was performed
by using the commonly mentioned “rule of thumb”
that suggested a minimum of 10 events per predictor.”
Since there were almost 10 possible predictors in the
model, therefore, 100 (10*10) events of hypokalemia
were required. These possible predictors included eGFR,
receiving angiotensin converting enzyme Inhibitor (ACEI),
angiotensin Il receptor blockers (ARBs), or angiotensin
receptor neprilysin inhibitor (ARNI), receiving insulin,
urine output >2 ml/ke/hr, furosemide dose >1.5 mg/
kg/day, increasing age, female sex, diabetes mellitus,
hypomagnesemia, and the use of digoxin. Since the
previous study reported a 30% incidence of hypokalemia
in patients with HF receiving furosemide, therefore, the

appropriate sample size was 334 cases (calculated from

100/30%100).”

Statistical analysis

Continuous data were presented as mean + standard
deviation or median (interquartile range). Number and
frequency were used for categorical data. To compare
continuous or categorical variables between two groups,
Chi-square test, Fisher’s exact test, Wilcoxon Rank Sum
test or independent t-test were applied. To determine
factors associated with hypokalemia, univariable and
multivariable logistic regression analyses were performed.
After assessing for multicollinearity, variables with p <0.20
were entered into the multivariable model using forward
stepwise selection. Statistical significance was defined as
p-value of <0.05. All statistical analyses were performed

using SPSS version 26.

Results

The Study Flow Chart is shown in Figure 1. A total
450 patients were screened. One hundred patients were
excluded resulting a total of 350 patients in the final
analysis. Among these 350 patients, 101 patients were
in the hypokalemia group and 249 patients were in the

non-hypokalemia group.

N=450

N

Hypokalemia group
(n=101)

Excluded = 100

62 received potassium prior to furosemide
infusion

27 had concomitant use of other diuretics

7 had severe acute kidney injury

3 died within 24 hours of admission

1 received prior kidney transplantation

350

Non-hypokalemia group
(n=249)

Qutcomes

Figure 1 Study Flow Chart
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Baseline characteristics and laboratory data of all  between the two groups. Patients in the hypokalemia
patients and according to the presence or the absence of  group received higher dose of furosemide prior to
hypokalemia are shown in Table 2. In the hypokalemia  admission. They also had lower serum potassium and
group, most patients were female with lower body weight.  magnesium, higher serum albumin and were more likely

There were no differences in the coexisting conditions  to have hypomagnesemia at baseline.

Table 2 Baseline characteristics and laboratory data of all patients

Parameters Hypokalemia Non-hypokalemia
N=350 N=101 N=249

Clinical characteristics

Age (years) 59+16 60+16 59+16 0.597
Male, n (%) 186 (53.1) 40 (39.6) 146 (58.6) 0.001
Body mass index (kg/m?) 25.2+4.2 24.6+4.9 25.4+3.9 0.108
Body weight (kg) 67.5£15.5 63.6£16.3 69.1+14.9 0.002
Systolic blood pressure (mmHg) 143425 142424 143425 0.938
Diastolic blood pressure (mmHg) 75+16 75+15 74+17 0.936
Heart rate (beats per minute) 80x17 79+17 80x17 0.575
LVEF (%) 52+16 51+16 52+16 0.687
Coexisting conditions, n (%) 331 (94.6) 95 (94.1) 236 (94.8) 0.788
Hypertension 188 (53.7) 53 (52.5) 135 (54.2) 0.767
Diabetic mellitus 76 (21.7) 23 (22.8) 53 (21.3) 0.760
Cardiovascular diseases 51 (14.6) 16 (15.8) 35 (14.1) 0.668
HFrEF 122 (34.9) 41 (40.6) 81 (32.5) 0.151
Coronary arterial disease 132 (37.7) 40 (39.6) 92 (36.9) 0.642
Atrial fibrillation 58 (16.6) 18 (17.8) 40 (16.1) 0.689
Chronic kidney disease stage 3 159 (45.4) 47 (46.5) 112 (45.0) 0.719
Peripheral arterial disease 33(9.4) 8(7.9) 25 (10.2) 0.539
Home Medications

Oral furosemide, n (%) 135 (38.6) 45 (44.6) 90 (36.1) 0.143
Daily dose of oral furosemide 40 (20-40) 40 (20-70) 20 (20-40) 0.017
Spironolactone, n (%) 56 (16.0) 12 (11.9) 44 (17.7) 0.181
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Table 2 Baseline characteristics and laboratory data of all patients (#9)

‘ Hypokalemia ‘Non—hypokalemia

Parameters ‘ Al P

Daily dose of spironolactone 12.5(12.5-25.0) 12.5(12.5-12.5) 25.0 (12.5-25.0) 0.061
ACEI/ARB/ARNI, n (%) 152 (43.4) 44 (43.6) 108 (43.4) 0.974
Beta-blockers, n (%) 155 (44.3) 47 (46.5) 108 (43.4) 0.590
Insulin, n (%) 24.(6.9) 6 (5.9) 18 (7.2) 0.666
Daily dose of insulin 20 (17-40) 20 (20-94) 21 (16-40) 0.484
Beta-agonist, n (%) 13 (3.7) 4 (4.0) 9(3.6) 0.877
Digoxin, n (%) 16 (4.6) 6 (5.9) 10 (4.0) 0.435
SGLT2 inhibitors, n (%) 29 (8.3) 10 (9.9) 19 (7.6) 0.485
Hydrochlorothiazide, n (%) 1(0.3) 1(1.0) - 0.116
Baseline laboratory data

Sodium (mmol/L) 135+6 135+5 13547 0.376
Potassium (mmol/L) 3.90+0.24 3.81+0.21 3.93+0.24 <0.001
HCO3 (mmol/L) 22.9+3.6 22.6+3.8 23.1+3.6 0.256
Magnesium (mg/dL) 1.90+0.32 1.70+0.28 1.98+0.29 <0.001
Hypomagnesemia, n (%) 103 (29.4) 60 (59.4) 43 (17.3) <0.001
Calcium (mg/dL) 8.88+0.60 8.83+0.60 8.89+0.60 0.347
Phosphorus (mg/dL) 3.29+0.92 3.34+0.90 3.28+0.92 0.584
Albumin (g/dL) 3.42+0.44 3.53+0.41 3.38+0.45 0.003
eGFR (mL/min/1.73 m?) 62+21 63+22 62+20 0.724
Creatinine (mg/dL) 1.19+0.33 1.21+0.34 1.19+0.33 0.629
Hemoglobin (g/dL) 11.7£1.8 11.7£1.9 11.8+1.7 0.829

LVEF, left ventricular ejection fraction; HFrEF, heart failure with reduced ejection fraction; ACElI/ARB/ARNI;

angiotensin-converting enzyme inhibitors/angiotensin receptor blockers/angiotensin receptor neprilysin inhibitor;

SGLT2, sodium-glucose cotransporter 2

Table 3 shows the dose of furosemide used
for treatment of ADHF, the amount of urine output,
the change in systolic blood pressure and laboratory

data after furosemide treatment. Substantially higher

dose of furosemide and urine output were observed in
the hypokalemia group. The hypokalemia group also
showed a more substantial decline in systolic blood

pressure.
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Table 3 Furosemide dose and biochemical parameters after furosemide treatment

Parameters All patients Hypokalemia  Non-hypokalemia P
N=350 N=101 N=249

Furosemide dose
Dose (mg/day) 80 (40-120) 120 (80-160) 80 (40-80) <0.001
Dose/BW (mg/ke/day) 1.2 (0.7-1.7) 1.8 (1.4-2.4) 1.0 (0.7-1.4) <0.001
Dose/BW >1.5 mg/kg/day, n (%) 106 (30.3) 64 (63.4) 42 (16.9) <0.001
Urine output after furosemide treatment
24-hour urine output (ml) 2,764+754 3,315+850 2,542+580 <0.001
Urine output >2ml/kg/hr, n (%) 121 (34.6) 69 (68.3) 52 (20.9) <0.001
Change in blood pressure after furosemide treatment
Decrease in SBP from baseline (mmHg) -7.85+13.84 -11.19+£15.06 -6.49+13.10 0.004
Laboratory data after furosemide treatment
Sodium (mmol/L) 137+5 137+4 13745 0.960
Potassium (mmol/L) 3.62+0.33 3.22+0.22 3.79+0.20 <0.001
;li@bjjg[;a;eni?gmm potassium 75 (21.) 60 (59.4) 15 (6.0) <0.001
HCO3 (mmol/L) 24.2+3.6 23.7+£3.8 24.3+3.5 0.134
Creatinine (mg/dL) 1.21+0.32 1.22+0.34 1.20+0.32 0.569
eGFR (mU/min/1.73 m?) 61+19 61+21 61+19 0.822

BW, body weight; SBP, systolic blood pressure; HCOS, bicarbonate; eGFR, estimated ¢lomerular filtration rate

Univariate and multivariable logistic regression
analyses of factors predicting hypokalemia are shown in
Table 4. Urine output after furosemide treatment >2ml/
kg/hr, the dose furosemide >1.5 mg/kg/day, higher body

mass index, the presence of baseline hypomagnesemia

and higher baseline serum albumin were independently
associated with hypokalemia after furosemide treatment.
On the other hand, prior use of spironolactone and
higher baseline serum potassium were protective against

hypokalemia.
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Table 4 Losgistic regression analyses of factors associated with the development of hypokalemia

Univariate Multivariate
Biochemical parameters

95% ClI P-value 95% ClI P-value
Clinical characteristics
Male (%) 0.46 0.29-0.74 0.001
Body mass index (kg/m?) 0.96 0.90-1.01 0.108 1.10 1.00-1.21 0.045
Coexisting condition
HFrEF (%) 1.42 0.88-2.29 0.152
Prior medications
Furosemide (%) 1.42 0.89-2.27 0.144
Spironolactone (%) 0.63 0.32-1.25 0.183 0.12 0.04-0.36 <0.001
Baseline laboratory data
Potassium (mmol/L) 0.11 0.04-0.33 <0.001 0.02 0.00-0.14 <0.001
Hypomagnesemia (%) 7.01 4.19-11.74 <0.001 8.55 4.06-18.04 <0.001
Albumin (g/dL) 2.27 1.31-3.93 0.004 4.50 1.85-10.93 0.001
Furosemide dose in the hospital
Furosemide dose >1.5 mg/keg/ 8.53 5.05-14.39 <0.001 4.96 2.22-11.10 <0.001
day (%)
Urine output after furosemide treatment
Urine output >2mU/kg/hr (%) 8.17 4.86-13.72 <0.001 17.86 7.30-43.70 <0.001

OR, odds ratio; Cl, confidence interval; HFrEF, heart failure with reduced ejection fraction

The most common complications within 7 days of
admission were sepsis, cardiac arrhythmia, and acute
kidney injury (Table 5). In the group with hypokalemia,
substantially higher incidence of cardiac arrhythmias and
sepsis and longer hospital stay were observed. The three
most common causes of sepsis were pneumonia, urinary

tract infection and thrombophlebitis. After categorizing

patients into two groups according to the degree of the
reduction in serum potassium (>15% or <15%) from
baseline, the group with >15% decline in serum potas-
sium showed a significant increase in the risk of cardiac
arrhythmias and sepsis. The etiologies of sepsis for both

groups of patients are also illustrated in Figure 2.
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Table 5 Clinical outcomes associated hypokalemia

Outcomes All HypoK | Non-hypoK $Serum K >15% | $ Serum K <15%
(n/%) (N=350) | (N=101) (N=249) (N=75) (N=275)
Death 10 (2.9) 5(5.0) 5(2.0) 0.134 3(4.0) 7(2.5) 0.503
Arrhythmia 29 (8.3) 20 (19.8) 9 (3.6) <0.001 16 (21.3) 13 (4.7) <0.001
Acute kidney injury | 21 (6.0) 6(5.9) 15 (6.0) 0.976 3(4.0) 18 (6.5) 0.411
Sepsis 38 (10.9) | 21(20.8) 17(6.8) |<0.001 14 (18.7) 24 (8.7) 0.014
<UTI 15 (41.7) 6 (30.0) 9 (56.3) 0.129 3(23.1) 12 (52.2)
«Pneumonia 18 (50.0) | 11 (55.0) 7(43.8) 9 (69.2) 9(39.1)
«Thrombophlebitis | 3 (8.3) 3 (15.0) - 1(7.7) 2(8.7)
Length of hospital| 9 (6,13) 10 (7,14) 8 (6,12) 0.009 9 (6,14) 9 (6,13) 0.281
stay (days)
HypoK, hypokalemia; Non-hypoK, non-hypokalemia; K, potassium; UTI, urinary tract infection
14
12
10
8 Bun
6 Pneumonia
Thrombophlebitis
4
2
0
Hypokalemia Non- Decrease Decrease
hypokalemia potassium=15% potassium<15%

Figure 2 Etiology of sepsis according to the presence and the degree of hypokalemia

Discussion

The findings of the present study included urine
output after furosemide treatment >2 ml/kg/hr, the dose
furosemide >1.5 mg/kg/day, higher body mass index,
the presence of baseline hypomagnesemia and higher
baseline serum albumin were independently associated
with the development of hypokalemia after furosemide
treatment. Prior use of spironolactone and higher baseline

serum potassium were protective against hypokalemia.

Patients who developed hypokalemia were more likely
to experience worse clinical outcomes including cardiac
arrhythmia, sepsis, and longer hospital stay.
Furosemide works by inhibiting the Na™K"-2Cl
co-transporter in the apical membrane of the thick as-
cending limb, leading to the loss of water, sodium, and
potassium. Reyes et al. conducted a study to compare
the effect of furosemide 80 mg with placebo on urinary

potassium excretion and found substantially higher
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urinary potassium concentration (7.9+0.6 mmol/L vs.
4.0+0.3 mmol/L) and urine volume (2.9+0.7 L/day vs.
1.2+0.8 L/day) in the furosemide group.' The incidence of
hypokalemia was also 11% higher in the furosemide
group. Similarly, the present study also showed that higher
urine output after furosemide was associated with
hypokalemia. In accordance with the European guideline
for heart failure in 2021, loop diuretics are recommended
for the treatment of pulmonary congestion in HF, with
the goal of increasing urine output to 100-150 mU/hr
within the first 6 hours."” The use of furosemide in the
present study also achieved the target urine output of
2 mUlkg/hr.

The 2021 European guideline for heart failure recom-
mends the use of mineralocorticoid receptor antagonists
such as spironolactone or eplerenone in patients with
hypokalemia.'” The RALES study reported that the use
of spironolactone reduced the risk of cardiovascular
event-related death by up to 30% in patients with HF and
reduced the incidence of hypokalemia by 10%." In the
EMPHASIS-HF study, eplerenone was found to be effective
in preventing hypokalemia, with 38.8% of patients in the
eplerenone group having serum potassium levels below
4.0 mmol/L compared with 48.4% in the placebo group.
Furthermore, serum potassium levels <3.5 mmol/L were
reported in only 7.5% of the eplerenone group compared
with 11% of the placebo group.” In the present study,
prior use of spironolactone was also associated with a
decreased risk of hypokalemia. Although spironolactone
has a half-life of only 1.4 hours, but the drug can remain
effective for up to 12 hours.”” In addition, patients who
were on spironolactone prior to admission tended to have
higher baseline serum potassium compared with patients
who were not on the drug.

Hypomagnesemia and reduced intracellular magne-
sium level can interfere with the function of ROMK chan-
nels, resulting in an increase in renal potassium excretion.”
Whang et al discovered a strong association between
hypomagnesemia and hypokalemia. Approximately
56% of the patients who had hypomagnesemia also
demonstrated hypokalemia.”” Similarly, the association

between baseline hypomagnesemia and the develop-

ment of hypokalemia after furosemide treatment was
also observed in the present study.

Higher body mass index has been found to predict
hypokalemia in the present study. It is possible that the
activation of the renin-angiotensin system (RAS) in adipose
tissue is enhanced in obesity. The previous study also
showed an increase in the risk of hypokalemia among
obese patients due to RAS activation.”” Another factor
associated with hypokalemia after furosemide treatment
is higher baseline serum albumin. Because furosemide is
>90% protein bound, therefore, higher serum albumin
likely enhances the action of furosemide.” A randomized
cross-over study in patients with chronic kidney disease
and hypalbuminemia by Phakdeekitcharoen et al
revealed an increase in urine output and sodium excretion
in the group of patients that received furosemide
with intravenous albumin compared with furosemide
alone.”

The relationship between high dose of furosemide
and hypokalemia has been reported by Lowe et al.”.
Furosemide <40 mg/day resulted in hypokalemia in only
1.3%, whereas furosemide 40-80 mg/day and >80 mg/day
were associated with hypokalemia in up to 6.5% of
the patients. The present study also observed the
relationship between the higher dose of furosemide
and hypokalemia.

The risk of hypokalemia in patients receiving loop
diuretics has been examined previously by Kieneker et
al.”" Patients with a baseline serum potassium between
3.5-3.9 mmol/L had a significantly higher risk of developing
hypokalemia compared with those with a baseline
potassium between 4.0- 4.4 mmol/L. The present
study also demonstrated the relationship between
higher baseline serum potassium and lower incidence
of hypokalemia.

As for clinical outcomes, the present study revealed
the association between hypokalemia with cardiac
arrythmia, sepsis and longer hospital stay. In a prospective
cohort study of 754 hospitalized patients with ADHF,
Salah et al. reported that lower serum potassium and
a decline in serum potassium >15% from baseline were

independent predictors of 180-day all-cause mortality.”
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The present study is a retrospective study that could
be influenced by selection bias and confounders. The
study was conducted in a single center, which lim-
ited the generalizability of the findings. The effects of
the concomitant use of other types of diuretics were
not explored. There was no data on urinary potassium
concentration, therefore, the loss of potassium in the

urine could not be confirmed.

Conclusion

In conclusion, the present study identified several
risk factors and worse clinical outcomes associated with
hypokalemia after furosemide treatment in hospitalized
patients with ADHF. These findings should emphasize the
need for close monitoring of serum potassium especially

among high risk patients.
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