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ABSTRACT

Introduction: To study the effects of heparin and low-molecular weight heparin (LMWH) on potassium and
sodium levels in patients with cardiovascular diseases (CVDs) and stroke. Materials and Methods: Sixty
patients were recruited with 30 patients each receiving heparin and enoxaparin. Patients with CVD and stroke
receiving heparin and LMWH were compared for their demographic profile and laboratory data, and this
was analyzed by descriptive statistics. Risk factors associated with the development of hyperkalemia were
analyzed using multiple logistic regression model. Results: There was an increase in potassium levels and
decrease in sodium levels compared with baseline in both the groups. The difference between the groups
with respect to sodium and potassium levels was not statistically significant. On analysis, the risk factors for
development of hyperkalemia were baseline potassium levels, serum creatinine, and creatinine clearance.
The change in sodium and potassium levels on the fifth day of therapy was increased with LMWH compared
with heparin, although not statistically significant. Conclusions: The clinician should anticipate hyperkalemia

especially in patients with renal impairment receiving these drugs.
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INTRODUCTION

Heparin is an intravenous anticoagulant used in treatment and
prophylaxis of pulmonary thromboembolism, deep vein
thrombosis, and in post-myocardial infarction patients. It
is now being replaced by low-molecular weight heparin
(LMWH) because of certain advantages like equal efficacy,
increased bioavailability, and less frequent dosing interval.
Also, monitoring of activated partial thromboplastin time is not
required. The major adverse effects of these drugs are bleeding,
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thrombocytopenia, alopecia, and osteoporosis. A rare adverse
effect of heparin reported is hyperkalemia which manifests
within a few days of initiation of therapy.!!! Insufficient and
conflicting data are available regarding the effects of LMWH
(enoxaparin) on serum potassium levels. Hence, this study
was carried out to compare the effect of heparin and LMWH
on serum potassium levels and also sodium.

MATERIALS AND METHODS

The protocol was approved by the Institute Human Ethics
Committee and written informed consent was obtained from
all the study patients. It was a single blind and parallel study
conducted at a tertiary care hospital in Kolar from March to
December 2010. Sixty patients of either sex in the age group
0f 40-60 years suffering from angina, myocardial infarction,
and stroke were included in this study. Alternate patient
receiving heparin and LMWH were recruited, 30 patients
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in each. Patients with first and recurrent attacks of angina,
myocardial infarction, and cortical venous thrombosis were
enrolled. Patients with baseline serum potassium <3.5 and
>5 meq/l and serum sodium levels <135 and >145 meq/]
were excluded. The serum potassium and sodium levels were
estimated at the time of admission (baseline level) and on the
fifth day after therapy in both the groups. Creatinine clearance
(CrCl) was estimated at baseline using the Cockroft—Gault
formula, and the patients were excluded if CrCI was <30 ml/
min.?

Statistical analysis

Sample size was determined by power analysis with power of
0.95 and was found to be 30 in each group. Data are expressed
as mean * standard deviation (SD) for continuous variables
and as percentages for categorical variables. Serum potassium
and sodium were analyzed using Student’s paired and unpaired
“¢” test. Correlation of potassium with continuous variables
was done using Pearson’s r coefficient. Predictor variables for
hyperkalemia were evaluated using the logistic regression in
both univariate and multivariate models, and odds ratio with
95% confidence intervals were computed. For the analysis of
potential risk factors for hyperkalemia, continuous variables
were dichotomized. Known risk factors from the literature were
included in a multiple logistic regression model to analyze the
independent association of these risk factors with a higher risk
of the development of hyperkalemia. The median was used to
dichotomize the continuous variables. Variables independently
associated with higher risk in multiple logistic regression
were defined as “major risk factors.” A value of P<0.05 was
considered to indicate statistical significance.

RESULTS

In our study, we had 41 males and 19 females, and they
were age matched [Table 1]. There were 20 (67%) male and
10 (33%) female patients in heparin group, and LMWH group
had 21 (70%) male and 9 (30%) female patients. Eleven (37%)
and 10 (33%) patients had diabetes in heparin and LMWH
groups, respectively. There was no significant difference in
serum K" and Na* on fifth day when compared with baseline
with heparin P=0.715 and 0.897 and with LMWH P=0.773
and 0.057, respectively.

Subcutaneous heparin and LMWH are commonly used
in the treatment of angina, myocardial infarction, cortical
venous thrombosis, and deep vein thrombosis [Table 2]. In
this study, males were predominant, and majority of females
were diagnosed as cortical venous thrombosis (17%). Neither
of the drugs increased serum potassium levels significantly
after 5 days of therapy [Table 3]. The K* exceeded 5 meq/dl
in two and four cases, which received heparin and LMWH
respectively, and this was statistically significant (P=0.001).

Table 1: Age distribution and kidney functions
of the patients at baseline

Parameters Heparin LMWH Unpaired t test
(P value)

Age (mean + SD) 56.40 + 16.08 57.55 + 12.67 0.79

(95% confidence (49.76-63.04) (51.62—63.48)

interval)

Blood urea 29.00+9.64 30.57+9.85 0.67

(mean = SD)

CrCl, median 68.33 78.75 0.594

(range) (1-466) (1-767.67)

All the values are mean + SD. N=30 in each group

Table 2: Indications for heparin and LMWH

Heparin (%) LMWH (%)

Anterolateral Ml 12 (40) 4(13)
Angina 8 (27) 6 (20)
Inferior wall Ml 5(16.5) 8 (27)
Postpartum cortical 5(16.5) -
venous thrombosis

Anteroseptal wall Ml - 8 (27)
Anterior segment Ml - 2 (6.5)
Global Ml — 2 (6.5)

MI - Myocardial infarction, LMWH: Low-molecular weight heparin

Patients who received LMWH had high levels of K* at
baseline and on fifth day [Table 3], but insignificant. The
serum sodium levels were significantly higher with LMWH
[Table 3] at baseline (P=0.04) and it lowered on fifth day. These
findings prove the role of heparin and LMWH in inhibiting the
aldosterone physiology thereby leading to increase in serum
potassium levels and natriuresis. It can also be observed that
patient receiving LMWH have significant alteration of the
electrolytes, which indicates relatively more interference
with aldosterone, and this effect was related to basal serum
potassium (P=0.001) and did not show correlation with age,
gender, and diagnosis (P>0.05).

On the basis of univariate analysis, patients who received
heparin developed hyperkalemia which was significant.
The odds of developing hyperkalemia is eight times more
with heparin if the baseline K™ was >4.3 meq/l. The odds
ratios (ORs) and P values are shown in Tables 4 and 5.
Multivariate-adjusted ORs in the logistic regression model
were 43.10 for baseline potassium in case of heparin (95%
CI: 1.40-45.76; P=0.02) and 0.06 for CrCl for enoxaparin
(95% CI: 0.06—1.41; P=0.05). There were no significant
correlations between increase in potassium levels with age,
diabetic status, and blood urea in the two groups. The univariate
and multivariate analysis report for K* levels on day 5 in both
heparin and LMWH group is presented in Tables 4 and 5.

DISCUSSION

Effect of heparin on adrenal metabolism has been documented
since 1960s.5) Heparin-induced hyperkalemia is mediated
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Table 3: Serum K* and Na* values in both groups

Parameters meq/l Heparin LMWH
Mean = SD 95% confidence interval Mean = SD 95% confidence interval
K* baseline 4.09 +0.49 3.90-4.44 4.29 +0.46 4.09-4.49
K= fifth day 417 +0.65 3.88-4.30 4.32+0.75 3.99-4.66
Na* baseline 137.70 + 5.47 135.33-140.06 141.00 +2.23 138.93-143.07*
Na* fifth day 136.85 + 4.94 134.54-139.16 137.20 +4.76 131.28-143.12

All the values are mean + SD. N=30 in each group. *P<0.05 significant, unpaired t test

Table 4: Univariate analysis of parameters with
K* levels on day 5

Heparin LMWH
OR 95% confidence OR 95% confidence

interval interval
Age 225 0.02-174.78  1.05 0.00-2.03
Baseline K* 8" 1.83-10.15 1.33 0.34-6.64
Diabetic status 1.05  0.01-22.07  0.56 0.00-3.5
Blood urea 2.92 0.67-27.1 1.5 0.21-34.97
CrCl 0.34 0.01-2.48 0.28 0.00-1.59

All the values are mean + SD. N=30 in each group. OR - odds ratio. *P<0.05
significant

Table 5: Multivariate analysis of parameters
with K* levels on day 5

Heparin LMWH
OR 95% confidence OR 95% confidence
interval interval

Age 2.08 0.47-10.88 2.93 0.22-5.0
Baseline K* 43.1* 1.40-45.76 4.77 0.28-6.28
Diabetic 0.35 0.21-5.16 0 0.11-2.86
status

Blood urea 13.49 0.59-14.33 2.73 0.30-7.43
CrCl 0.14 0.07-1.68 0.06* 0.06-1.41

All the values are mean + SD. N=30 in each group. *P<0.05 significant

by a reversible effect on aldosterone through blockage of an
enzymatic step in the synthesis and angiotensin II receptors
in adrenal gland.®# The most important mechanism of
heparin-induced hypoaldosteronism involves the reduction in
both number and affinity of angiotensin Il receptors in the zona
glomerulosa.”! Prolonged administration of heparin has caused
marked reduction in the width of adrenal zona glomerulosa
thereby leading to hyperkalemia and natriuresis. These side
effects are more common in elderly, renal insufficiency and
diabetic patients.!! This reversible suppression of aldosterone
occurs within a few days of initiation of therapy and is
independent of either the anticoagulant effect or the route of
administration.”? LMWHs have similar effects on aldosterone
as unfractionated heparin or there may be a different risk of
hyperkalemia which is still unsettled. This could possibly
be because of the heterogeneity of the populations studied
and the regimens of heparin used.®™ The inhibitory action
is specifically on the glomerulosa zone of the adrenal cortex
thereby other corticosteroids are spared.

Our findings confirm the role of renal insufficiency (measured
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as CrCl) in development of hyperkalemia. We found a
marginally significant correlation between the development of
hyperkalemia and basal potassium level, and similar findings
have been reported by Gonzalez-Martin et al.®’? As baseline
potassium level reflects pretreatment aldosterone level, its value
has a predictive role for susceptibility to develop hyperkalemia.
The various risk factors for the development of hyperkalemia
according to univariate and multivariate analysis were found
to be baseline potassium and CrCl (P<0.05). The other risk
factor identified was diabetes,!'>!! which is not seen in this
study. Our results concur with those of Monreal et al.”! who
reported increase in serum potassium >5 meq/l in 7% receiving
heparin and 15% LMWH among 30 patients. The practical
implications of these findings are that routine monitoring of
serum potassium concentration may be necessary.

Although aldosterone suppression is reported to occur within
a few days of heparin treatment, the time needed to develop
hyperkalemia may be extremely variable among patients,
depending on their clinical background. This observation
underlines the potential risk associated with an unmonitored
treatment for a period longer than that used in our study.
But longer duration of heparin administration for chronic
conditions needs careful monitoring. None of the patients had
clinically relevant consequences. In conclusion, the short-term
treatment with LMWH induces a significant increase in serum
potassium level, but the related risk of clinically relevant
hyperkalemia remains low.

The limitations of the study are that the confidence interval of
various parameters in univariate and multivariate analysis is
wide (i.e., difference between lower and higher value is more)
and it is less than 1. So a large sample size more than 30 will
actually predict the risk of hyperkalemia. A further study with
larger sample size has to be undertaken. Serum creatinine is not
arisk factor in multivariate analysis because some other factor
is masking its effects in predicting Hyperkalemia. Hence CrCl
is a better marker in establishing hyperkalemia.

CONCLUSIONS

LMWH-induced aldosterone suppression leading to
hyperkalemia and hyponatremia (natriuresis) is more than
heparin. This adverse effect needs to be better anticipated by
clinicians. Serum potassium should be monitored periodically
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