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Objective: Left ventricular dysfunction and preoperative hyponatremia are associated with adverse outcomes
after cardiac surgery. However, the interactions between them are unknown. Thus, we evaluated the interaction
of low left ventricular ejection fraction (<40%) and preoperative hyponatremia (Na<135 mEq/L) with morbid-
ity and mortality after cardiac surgery.

Methods: The interaction of hyponatremia and ejection fraction with hospital complications, length of stay, and
mortality was analyzed using logistic and Cox regression analysis in 2247 patients who underwent cardiac
surgery between 2005 and 2008 at The Ohio State University Wexner Medical Center.

Results:Of the patients, 68.5% had normal ejection fraction. Hyponatremia was present in 18% of patients with
normal ejection fraction and 35% of patients with low ejection fraction. Hyponatremic patients had higher rates
of New York Heart Association class III and IV, more comorbidities, and higher Society of Thoracic Surgeons
score and European System for Cardiac Operative Risk Evaluation irrespectively of their ejection fraction. The
correlation between preoperative sodium and ejection fraction was weak (r2 ¼ 0.04). Hyponatremia increased
the rate of postoperative complications and hospital stay, and decreased 1- and 3-year survivals in patients with
both normal and low ejection fraction. Hyponatremia was independently associated with longer hospital stay for
normal ejection fraction (multiplier, 1.18; confidence interval, 1.09-1.27; P<.001) and low ejection fraction
(multiplier, 1.10; confidence interval, 1.0-1.21; P¼ .05), increased need for dialysis for normal ejection fraction
(odds ratio, 2.16; confidence interval, 1.08-4.32; P ¼ .03), and increased risk of mortality for normal ejection
fraction (hazard ratio, 1.56; confidence interval, 1.20-2.05; P ¼ .001), but not for patients with low ejection
fraction (hazard ratio, 1.21; confidence interval, 0.89-1.65; P ¼ .21).

Conclusions: Hyponatremia is more common in patients with low ejection fraction. Although preoperative
hyponatremia is independently associated with adverse outcomes in patients with normal ejection fraction,
an association with adverse outcomes in patients with low ejection fraction was not demonstrated. (J Thorac
Cardiovasc Surg 2013;145:1589-94)

Supplemental material is available online.

Hyponatremia is a common electrolyte abnormality in crit-
ically ill patients and adversely affects outcomes.1,2 It is
particularly common in patients with congestive heart

failure, in whom its prevalence and severity correlate
with the prevalence and severity of heart failure and
ventricular dysfunction.3-5 We previously demonstrated
that preoperative hyponatremia is common before cardiac
surgery and is an independent risk factor for mortality,
prolonged hospitalization, and postoperative complications
after cardiac surgery.6 Left ventricular (LV) dysfunction is
also an independent predictor of poor outcomes after cardiac
surgery. It has been associated with increased morbidity and
mortality after coronary artery bypass surgery, valve sur-
gery, combined bypass and valve surgery, and other cardiac
surgery procedures.7-10

The interaction between preoperative hyponatremia and
LV dysfunction and its effects on outcomes after cardiac
surgery have not been evaluated. We hypothesize that hypo-
natremia may potentiate the adverse effect of LV dysfunc-
tion in outcomes after cardiac surgery. We retrospectively
studied 2247 patients undergoing cardiac surgery to deter-
mine the prevalence of preoperative hyponatremia in pa-
tients with LV dysfunction before cardiac surgery and the
interaction between preoperative hyponatremia and LV
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dysfunction on hospital complications and on short- and
long-term mortality after cardiac surgery.

MATERIALS AND METHODS
From January 2005 to December 2008, 2785 patients underwent cardiac

surgery procedures at The Ohio State University Wexner Medical Center.

Preoperative serum sodium and LV ejection fraction (EF) determinations

were available in 2247 patients. These patients constitute the study popula-

tion. Hyponatremia was defined as serum sodium less than 135 mEq/L in

any of the 3 most recent daily sodium determinations performed within

30 days before surgery. Systolic LV dysfunction was defined as an LV EF

less than 40%. LVEFwas assessed by ventriculogram in 63.6% of patients,

echocardiogram in 35.5% of patients, and other methods in 0.9% of pa-

tients. Patients were divided into 4 groups according to EF and hyponatre-

mia status: (1) low EF (EF<40%) and normonatremia (Na �135 mEq/L)

group, (2) low EF (EF<40%) and hyponatremia (Na<135 mEq/L) group,

(3) normal EF (EF �40%) and normonatremia (Na �135 mEq/L) group,

and (4) normal EF (EF�40%) and hyponatremia (Na<135 mEq/L) group.

Data from the institution electronic medical records, the institution Soci-

ety ofThoracic Surgeons (STS) database, and theSocialSecurityDeath Index

were analyzed. Outcomes analyzed included early and latemortality, postop-

erative length of hospital stay, incidence of STS-defined complications,11,12

and need for perioperative blood transfusions. Outcomes definitions are

listed inAppendix E1. TheOhio State UniversityWexnerMedical Center In-

stitutional Review Board approved this study and granted waiver of Health

Insurance Portability and Accountability Act research authorization.

Statistical Analysis
Baseline characteristics are presented as means, standard deviations,

medians, and interquartile ranges for continuous variables. Categoric vari-

ables are presented as frequencies. Baseline characteristics were compared

using Pearson’s chi-square test for categoric variables and Kruskal–Wallis

for continuous variables. Regression models were developed using a risk

factor modeling approach to determine which covariates were included

in the model.13,14 Covariates that acted as a confounder or an effect

modifier were included (Appendix E2). Logistic regression was used to

find the association between hyponatremia and EF status with STS compli-

cations. Logistic regression was used when the outcome was early mortal-

ity. Linear regression was used when the outcome was log-transformed

hospital length of stay. Cox proportional hazard regression was used to

find the association of late and overall mortality with hyponatremia and

EF status. Serum sodium was treated as both a continuous and a dichoto-

mous variable. Survival was estimated by the Kaplan–Meier method, and

differences in survival were compared using the log-rank test. All analyses

were conducted using Stata 11.1 (StataCorp LP, College Station, Tex).

RESULTS
Preoperative hyponatremia was present in 527 patients

(23.5%) before cardiac surgery. The distribution of preoper-
ative EF is shown in Figure E1. Low EF was present in 707

patients (31.5%). A total of 282 patients (18.3%) in the nor-
mal EF group and 245 patients (34.6%) in the low EF group
had preoperative hyponatremia. Hyponatremic and normo-
natremic patients had clinically similar EF within their EF
group (Table 1). The correlation between preoperative serum
sodium and preoperative EF was weak (r2 ¼ 0.04).

Demographics, clinical, and surgical characteristics are
shown in Table 1. Compared with those with normal EF,
patients with low EF were younger and more often male.
They more often had congestive heart failure and a higher
prevalence of myocardial infarction, chronic obstructive
pulmonary disease, stroke, peripheral vascular disease, dia-
betes, renal dysfunction, and previous cardiac surgery.
These comorbidities resulted in higher predicted risk of
mortality as determined by European System for Cardiac
Operative Risk Evaluation and STS Predicted Risk of Mor-
tality. Hyponatremic patients had a higher rate of New York
Heart Association (NYHA) functional class III and IV,
higher rate of previous cardiac surgery, and higher Euro-
pean System for Cardiac Operative Risk Evaluation irre-
spectively of their EF status.

Isolated coronary artery bypass grafting (CABG) and iso-
lated valve surgery were more common in the normal EF
group, and combined CABG-valve, ventricular assist device,
and other cardiac surgery procedures were more common in
the low EF group. Cardiopulmonary bypass time and cross-
clamp times were not clinically different among the groups.

Table 2 shows unadjusted clinical outcomes. The rate of
postoperative complications (operative, infectious, pulmo-
nary, renal failure, need for dialysis, and other complica-
tions) was higher in the low EF group. Hyponatremia
increased the incidence of operative, pulmonary, and renal
complications compared with normonatremia in both the
normal and low EF groups. Low EF was associated with
longer hospital stay. Hyponatremia increased the length of
hospital stay in both the normal and low EF groups. Early
and late mortality were increased in the low EF group com-
pared with the normal EF group (early mortality: 8.5% vs
3.9% in normal EF, P < .001; late mortality: 20.4% vs
13.2% in normal EF, P<.001). Hyponatremia further in-
creased early and late mortality in both the normal and
low EF groups (Table 2). Kaplan–Meier survival curves
by hyponatremia and EF status are shown in Figure 1. Me-
dian follow-up was 1.31 years (interquartile range, 0.2-
2.58). Hyponatremia decreased the estimated 1- and
3-year survivals in both the normal EF and low EF groups
compared with normonatremia.

Figure E2 shows a univariate analysis of the clinical out-
comes. Hyponatremia increased the odds of operative, pul-
monary, and renal complications; renal failure requiring
dialysis; length of hospital stay; and early mortality in both
the low and normal EF cohorts. It also increased the hazard
of late and overall mortality in both groups. After adjusting
for baseline and procedural variables (Figure 2),

Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CI ¼ confidence interval
EF ¼ ejection fraction
LV ¼ left ventricular
NYHA ¼ New York Heart Association
STS ¼ Society of Thoracic Surgeons
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