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ABSTRACT

Background: The presence of hyponatremia has been perceived to increase the risk of adverse events on
initiation of treatment with angiotensin-converting enzyme inhibition in heart failure patients. The aim of
this study was to investigate if baseline hyponatremia (plasma Na™ < 135 mmol/L) predicts development
of hypotension and renal impairment in patients with myocardial infarction (MI) and left ventricular dys-
function (LVD) treated with angiotensin-converting enzyme inhibitors.

Methods and Results: A retrospective analysis was performed with data from the Trandolapril Cardiac
Evaluation (TRACE) a double-blind randomized study. Plasma sodium levels were available in 1,731 pa-
tients, who were considered as the study population. Patients 3—7 days after MI with left LVD (LVEF
=0.35), were randomized to trandolapril (n = 876) or placebo (n = 873). Baseline hyponatremia did
not predict development of hypotension or worsening renal function after 1 month in patients treated
with trandolapril compared with placebo (122 % 19.1 mm Hg vs 123.2 * 20.4 mm Hg [P = .84]; and
creatinine clearance 57.4 = 21.4 mL/min vs 55.2 = 21.0 mL/min [P = .8]). There was no interaction be-
tween hyponatremia and the effect of trandolapril (P = .68).

Conclusions: Mild hyponatremia was not a contraindication for the initiation of treatment with
angiotensin-converting enzyme inhibitors in patients with post-MI heart failure. (J/ Cardiac Fail

2013;19:725—730)
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Treatment with angiotensin-converting enzyme inhibi-
tors (ACE-I) has been repeatedly documented to improve
survival and morbidity in patients with heart failure (HF)
with reduced ejection fraction (HFrEF) as well as in pa-
tients with recent myocardial infarction (MI) and reduced
left ventricular systolic function.' ® Therefore, ACE-I ther-
apy is a cornerstone in the treatment of HF.”'” Hyponatre-
mia, often defined as plasma sodium concentration (plasma
Na™) <135 mmol/L, is a common finding in HF, present in
up to 20%—30% of patients with more advanced HF.''~"*
The presence of hyponatremia in HF patients has been
known to increase the risk of adverse events upon initiation
and treatment with ACE-I because of a risk of hypotension
and renal dysfunction.'” "

Data from randomized clinical trials evaluating the risks
or benefits associated with initiation of ACE-I in hyponatre-
mic patients with HF are not available. Using data from
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a large randomized trial, the aim of the present study was to
investigate if baseline hyponatremia predicts adverse events
after 1 month of treatment with the ACE-I trandolapril in
patients with a recent MI and left ventricular dysfunction
(LVD). The secondary aim was to investigate if there was
any interaction between baseline plasma sodium and the ef-
fect of trandolapril on long-term mortality.

Methods

A retrospective analysis was performed with the use of data
from the Trandolapril Cardiac Evaluation Study (TRACE), a ran-
domized, double-blinded, placebo-controlled trial of trandolapril
versus placebo treatment in 1,749 patients with recent acute myo-
cardial infarction and echocardiographic evidence of LVD. All
consecutive patients >18 years of age, hospitalized with an
enzyme-verified acute MI, were screened in 27 Danish Centers
from 1993 to 1996. MI was defined as chest pain or electrocardio-
graphic changes typical of infarction or ischemia in combination
with an enzyme increase of =2 times the upper normal limit of
the local hospital laboratory. Inclusion criteria included an MI
3—7 days before screening and left ventricular (LV) wall motion
index (WMI) =1.2, corresponding approximately to a LVEF
=0.35. Both symptomatic and asymptomatic patients with LVD
were included in the study. Baseline data were recorded for all in-
cluded patients. Severe hyponatremia (plasma Na* <125 mmol/
L) or plasma creatinine >200 pmol/L were exclusion criteria
for the TRACE study. Exclusion criteria were an absolute or rela-
tive contraindication to ACE inhibition or a definite need for ACE
inhibition, severe uncontrolled diabetes mellitus or hypertension,
and/or unstable angina pectoris leading to acute coronary angiog-
raphy. The remaining exclusion criteria have been described in de-
tail previously.'® After giving informed consent, patients were
treated with a 0.5 mg test dose of trandolapril. If the test dose
was tolerated, patients were randomized to trandolapril or placebo.
Fourteen patients (0.8%) did not tolerate the test dose or suffered
from other complications of MI and were excluded from the trial.
Up-titration was performed according to protocol up to the maxi-
mum dose of 4 mg or the maximal tolerated dose. The mean
follow-up time was 26 months (25—50 months). The primary
end point was all-cause mortality. Secondary end points were sud-
den death, cardiovascular mortality, reinfarction, development of
severe or resistant heart failure, and a change in left ventricular
function (estimated by WMI). Time to death was chosen as effi-
cacy end point, and creatinine clearance and systolic hypotension
(defined as systolic blood pressure <100 mm Hg) at day 30 as
safety end points. The TRACE study has been described in detail
previously.*'"°

Plasma sodium values were available in 1,731 patients, who
were considered as the study population for the present retrospec-
tive analysis. Plasma sodium was measured in a venous blood
sample at the baseline visit of the trial and again at follow-up
1 month after initiation of the study medicine. No patients had se-
vere hyponatremia (plasma Na® <125 mmol/L) on the days im-
mediately before randomization, because this would have led to
exclusion at the time of screening, but some patients had devel-
oped hyponatremia between the time of screening and initiation
of treatment with trandolapril or placebo, and per protocol this
did not lead to exclusion of the patients. Systolic blood pressure
and plasma creatinine, as well as other variables, were measured
at baseline and at follow-up 1 month after initiation of the study

medication. Additional measurements were done after 3 months
and every 3 months until the end of study. Hypotension was de-
fined as a systolic blood pressure <100 mm Hg. Worsening renal
function was defined as a decrease of >20% in creatinine clear-
ance at 1 month from baseline.

All patients had given informed consent before participation in
the study. The study was approved by the relevant Danish Ethical
Committees.

Statistical Analysis

Descriptive data are presented as numbers (n), percentages (%),
and means (£SD) as appropriate. Patient characteristics according
to the presence of normo- or hyponatremia and the allocated treat-
ment and placebo groups were compared with the use of the x*
square test for discrete variables, and continuous variables were
compared with the use of the Wilcoxon rank test. All mortality
analyses were performed with the use of the intention-to-treat
principle. Hazard ratios (HRs) for mortality were compared with
the use of Cox proportional hazards regression and are presented
with 95% confidence intervals (Cls). All calculations were per-
formed for plasma Na® <135 mmol/L as well as for plasma
Na® values >135 mmol/L. Interaction analyses were carried
out by adding an interaction term to the Cox regression model.
Time-to-event analyses were performed with the use of the
Kaplan-Meier method. All statistical analyses were performed
with the use of SAS Statistics version 9.2 (SAS Institute, Cary,
North Carolina). The level of significance was defined as P < .05.

Results

Patient Characteristics

A total of 1,731 patients were included in this retrospec-
tive analysis of the TRACE study. The mean sodium con-
centration was similar in the trandolapril and placebo
groups (137.7 = 3.6 mmol/L vs 137.5 £ 3.6 mmol/L;
P = .26). At baseline, 286 patients had hyponatremia
(plasma Na™ <135 mmol/L) and 1,436 patients were nor-
monatremic (plasma Na* 135 mmol/L to <145 mmol/L).
Mild hyponatremia (plasma Na® 130 mmol/L to <
135 mmol/L) was present at baseline in 123 patients
(7.1%) in the placebo group versus 110 patients (6.4%) in
the trandolapril group. Nine patients had hypernatremia
(plasma Na® =145 mmol/L). Baseline characteristics for
normonatremic versus hyponatremic patients are presented
in Table 1. The presence of hyponatremia was associated
with more comorbidity because the hyponatremic patients
were significantly older and had a higher prevalence of di-
abetes, atrial fibrillation, and history of HF compared with
normonatremic patients (P < .0001). Patients with hypona-
tremia were treated more often with diuretics than normo-
natremic patients (P < .0001). There were no differences
in age, creatinine clearance, or body mass index (BMI) be-
tween patients treated with trandolapril or placebo at base-
line for all patients (data not shown).

Effect of ACE-l on Blood Pressure and Renal Function
in Hyponatremia

Baseline hyponatremia did not predict development
of hypotension at 1 month in patients treated with
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