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Abstract
Hyponatremia is the most common electrolyte abnormality encountered in clinical practice, but its optimal management is still 
evolving. While guidelines for infusion rates of hypertonic saline (HS) have been introduced, there is a risk of underestimating 
the response in serum sodium concentration after therapy. Guidelines also have evaluated the use of vasopressin receptor 
antagonists as alternatives or supplements to standard therapies. This single-center retrospective study from The Methodist 
Hospital (TMH) compared the effect of HS and conivaptan intervention in the management of 49 patients with hyponatremia 
from January 2009 through November 2010. Demographics, volume status, medical history, medication data, and serum 
sodium concentration correction over 48 hours were analyzed. No significant difference was noted with regard to age, ethnic-
ity, gender, volume status, use of medications known to cause hyponatremia, or comorbidities. Baseline serum sodium 
concentration was not significantly different between HS (120.5 ± 3.8 mEq/L) and conivaptan (118.3 ± 6.7 mEq/L) groups. 
Regardless of whether the patient was euvolemic or hypervolemic, no significant difference was noted in serum sodium 
concentration at 4, 12, 24, or 48 hours after initiation of treatment or in frequency of over-correction between groups. This 
study compares the effect of HS to conivaptan intervention in the management of hyponatremia. No significant differences 
were identified in adherence to treatment guidelines. Further, based on this small retrospective study, neither agent poses a 
significant risk of over-correction at 4, 24, or 48 hours of therapy.
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for use in static conditions. Retrospective studies have found a 

risk of physicians underestimating the increase in [Na+] after 

hypertonic saline therapy, particularly in the setting of extracellular 

volume depletion.8, 9 A common criticism of these formulae is that 

they fail to account for ongoing renal and extrarenal fluid and 

electrolyte losses. Whereas the formulae apply to static conditions, 

the dynamic nature of the patient’s hospital course, including 

intravenous drips and gastrointestinal losses, affects the accuracy 

of [Na+] replacement by standard calculated deficits. To this effect, 

more elaborate formulae have been developed7 that better allow 

the clinician to follow [Na+] levels at close time intervals to adjust 

medical management. 

Treatment guidelines published in 2007 evaluated the situations 

in which vasopressin receptor antagonists should be considered as 

alternatives or supplements to standard therapies.4 Conivaptan is 

one of these alternative therapies.10, 11 Conivaptan is a nonselective 

V1AR/V2R vasopressin receptor antagonist available in IV form 

and approved by the FDA to treat euvolemic hyponatremia in 

2005 and hypervolemic hyponatremia in 2007. There is a caveat 

to the use of conivaptan in hypervolemia: although vasopressin 

receptor antagonism could have potentially beneficial effects 

in congestive heart failure by decreasing afterload, attenuating 

coronary vasoconstriction, and potentially diminishing cardiac 

remodeling, current data do not support its use in this condition.11 

On the contrary, the potential exists for increasing portal pressure, 

resulting in bleeding in the hyponatremia of cirrhosis related to 

increased splanchnic blood flow. Conivaptan leads to an increase 

in [Na+] by blocking V2 receptors, thus promoting water excretion 

while sparing electrolyte excretion.2 Although rapid correction of 

Introduction
Hyponatremia, defined as a serum sodium concentration 

([Na+]) of ≤135 mEq/L (1 mEq/L = 1 mmol/L), is the most 

common electrolyte abnormality encountered in clinical practice.1 

Hyponatremia can occur with any degree of volume depletion or 

excess, and its severity is measured not only by the absolute [Na+] 

but also by the slope and rapidity of the decrease. Although most 

cases are mild and relatively asymptomatic, severe hyponatremia 

can manifest as cerebral edema leading to coma, irreversible 

neurological damage, and even death.2 Hypertonic saline was 

first used to treat hyponatremia in 1938.3 Although still accepted 

as the treatment of choice for symptomatic hyponatremia, its 

use demands careful monitoring to avoid osmotic demyelination 

syndrome (ODS), a feared neurologic disorder that manifests as 

progressive and sometimes permanent neurologic deficits and is 

thought to occur when the brain’s ability to recapture lost organic 

osmolytes is outpaced by rapid correction of [Na+].4 Patients with 

acute hyponatremia, developing in the course of ≤12 hours, are 

more likely to develop symptoms including seizures and coma 

than those with chronic hyponatremia (≥3 days).5 

Optimal management of hyponatremia is still evolving despite 

awareness of this electrolyte disturbance since the mid 1900s.4, 5

Most authorities recommend correction of [Na+] in severely 

hyponatremic and symptomatic patients by 2 to 4 mEq/L within 

2 to 4 hours, <12 mEq/L in 24 hours, and to <18 mEq/L in 48 

hours.4, 5 Guidelines for infusion rates of hypertonic saline and 

monitoring procedures have been introduced, most notably the 

Adrogué-Madias formula.6 Caution in the use of these formulae 

has been recommended,7 especially given that they were designed 
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[Na+] with use of conivaptan has been documented,12 its use is still 

thought to be a more effective method to treat hyponatremia by 

virtue of its unique ability to increase solute-free water excretion 

by the kidneys.4 There is a paucity of published retrospective and 

prospective studies analyzing the effectiveness of conivaptan in 

treating hyponatremia. To our knowledge, this is the first study to 

compare the effect of 3% saline (HS) and conivaptan intervention 

for the management of hyponatremia.

Subjects and Methods
In this single-center retrospective study, we compared the 

efficacy of HS and conivaptan in achieving hyponatremia 

treatment goals according to expert guidelines.4 Inclusion criteria 

consisted of patients hospitalized at TMH in Houston, Texas, with 

computerized provider order entries (CPOE) for intravenous HS or 

conivaptan. Upon approval by TMH Institutional Review Board, 

the research team retrieved CPOE for HS and conivaptan from 

January 2009 through November 2010 (Figure 1). Of the total 731 

Figure 1. Flow diagram of patient identification, exclusion, and analysis.
C: conivaptan; DDAVP: 1-deamino-8-D-arginine vasopressin; HS: 3% saline.

Table 1. Patient characteristics. 
CHF: congestive heart failure; HTN: hypertension; SIADH: syndrome of inappropriate antidiuretic hormone. *All remaining patients were hypervolemic.

Parameter Hypertonic Saline
(n=34)

Conivaptan
(n=15) P value

Age (y) 69.3 ± 15.5 77.7 ± 10.7 P = 0.06

Ethnicity (%)
27 (79.4%) Caucasian 

7 (20.6%) Other
12 (80%) Caucasian

3 (20%) Other
P = 0.96

Male (%)  18 (52.9%) 4 (26.7%) P = 0.09

CHF (%) 5 (14.7%) 3 (20%) P = 0.64

HTN (%) 21 (61.8%) 11 (73.3%) P = 0.43

SIADH (%) 9 (26.5%) 7 (46.7%) P = 0.17

Other comorbidities (%) 19 (55.9%) 5 (33.3%) P = 0.15

On medications causing 
hyponatremia (%)

13 (38.2%) 10 (66.7%) P = 0.07

Dextrose water (%) 3 (8.8%) 4 (26.7%) P = 0.10

*Euvolemic (%) 26 (76.5%) 10 (66.7%) P = 0.47

HS (n=228)
•    Intervention administered (n=86)
•    Intervention stopped early (n=142)

HS (n=39)
•    C co-administered (n=4)
•    Intervention stopped early (n=142)

C (n=82)
•    Intervention administered (n=31)
•    Intervention stopped early (n=51)

HS (n=34)

 Analyzed HS (n=34)  Analyzed C (n=15)

 C (n=20)
 •    HS co-administered (n=3)

 C (n=17)
 •    Missing follow-up [Na] data (n=2)

 C (n=31)
 •    Pre-intervention [Na+] >125 mEq/L (n=11)

HS (n=86)
•    Pre-intervention [Na+] >125 mEq/L (n=47)

Repeat entries excluded
•    HS (n=274)
•    C (n=147)

Assessed for eligibility (n=731)
•    HS (n=502)
•    C (n=229)

Exclusion 3

Analysis

Exclusion 1

Assessment

Exclusion 2
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CPOE identified, 310 were unique to single patients during a single 

hospitalization; of these, 117 were followed by administration of HS 

or conivaptan. Review of records from the excluded 193 patients 

revealed that administration of either HS or conivaptan was held 

after a pretreatment measurement of [Na+] showed an increase 

toward normal value (Figure 1).

Data including demographics, clinical presentation (e.g., 

postoperative state), clinically estimated volume status, medications 

known to cause hyponatremia, comorbid conditions, and suspected 

presence of the syndrome of inappropriate antidiuretic hormone 

secretion (SIADH) on clinical grounds as a cause of the patient’s 

hyponatremia were collected by chart review. Also retrieved were 

[Na+] at baseline and, when available, within 4, 12, 24, and 48 hours 

(± 1 hour) after the initiation of HS or conivaptan. All 49 patients 

analyzed had follow-up measurements of [Na+] within the expected 

4, 12, 24, and 48 hour time frames. Over-correction was based on 

hyponatremia treatment guidelines4 and defined as exceeding the 

change in [Na+] of 4 mEq/L at 4 hours, 12 mEq/L at 24 hours, or 

18 mEq/L at 48 hours after initiation of therapy.

Data analysis was performed using Intercooled Stata version 

9.2 (Stata Corporation, College Station, Texas). Statistical signifi-

cance was defined as P <0.05. Categorical data, summarized 

as percentages, were compared with the chi-square test. For 

quantitative data, 2-tailed Student’s t-test was performed. In cases 

of non-normally distributed data, Wilcoxon rank-sum analysis was 

performed. Results are presented as mean ± standard deviation.

Results
Patient demographics are summarized in Table 1. The mean age 

for the HS group was 69.3 years and 77.7 years for the conivaptan 

group. Caucasians comprised the majority of the study’s popu lation 

in both groups. In the HS group, 76% of patients were euvolemic, as 

were 66% in the conivaptan group. The remaining patients in each 

group were hypervolemic; no hypovolemic patients were identified. 

No significant difference was noted between groups with regard to 

age, ethnicity, gender, volume status, or use of medications known 

to cause hyponatremia.

In the HS group, three patients were taking hydrochloro-

thiazide (HCTZ), two were taking bumetanide, two were 

taking furosemide, one was taking torsemide, one was taking 

metolazone, one was taking spironolactone, and three were taking 

selective serotonin reuptake inhibitors (SSRI; one escitalopram, 

one citalopram, one fluoxetine). In the conivaptan group, five 

patients were taking furosemide, four were taking HCTZ, two 

were taking spironolactone, two were taking torsemide, one 

was taking bumetanide, and one was taking escitalopram. No 

significant difference between groups was noted when taking 

into account medical history such as congestive heart failure 

(CHF), hypertension (HTN), or the clinician’s estimation of 

SIADH as the cause of the patient’s hyponatremia. Similarly, no 

significant difference was found between the groups with regard 

to other comorbidities. In the HS group, at the time of initiating 

treatment, six patients were recovering from surgery, eight 

patients had been admitted for management of a central nervous 

system (CNS) lesion (one for normal pressure hydrocephalus, 

one for intracranial bleed, one for a pituitary tumor, one for 

medulloblastoma, one for leptomeningitis, one for skull fracture, 

one for subdural hematoma, and one for an unidentified CNS 

lesion), one patient had a pleural effusion, one had small cell lung 

carcinoma, one had scoliosis, one had undergone heart transplant, 

and one suffered from liver cirrhosis. In the conivaptan group, 

at the time of initiating treatment, two patients were recovering 

from surgery, one suffered from pulmonary arterial hypertension 

(PAH), one had unidentified lung carcinoma, and one had been 

admitted for acute respiratory distress syndrome (ARDS). A 

small percentage of patients received dextrose water shortly after 

the administration of either HS or conivaptan, but the difference 

in numbers between these two groups did not reach statistical 

significance.

The baseline [Na+] was not significantly different between the 

HS (120.5 ± 3.8 mEq/L) and conivaptan (118.3 ± 6.7 mEq/L) groups 

(Table 2). No significant difference was noted in [Na+] at 4, 12, 

24, or 48 hours after initiation of treatment. Figure 2 displays the 

change in [Na+] at serial time points after initiation of therapy. 

There was no significant difference between HS and conivaptan 

groups at 4, 12, 24, or 48 hours after initiation of treatment. When 

stratified by volume status, the absence of significant change in 

[Na+] between the HS and conivaptan groups persisted. Figure 3 

Figure 2. Change in [Na+] from baseline. Error bars represent standard 
error of the mean. Numbers inside bars indicate number of patients. 
Dotted lines represent targets based on expert guidelines. No significant 
differences at any time point. C: conivaptan; HS: 3% saline. 

Figure 3. Incidence of [Na+] over-correction based on expert guidelines. 
No significant differences at any time point. C: conivaptan; HS: 3% saline. 

Change in [Na+] From Baseline [Na+] Over-Correction Based on Expert Guidelines
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respectively. However, the rate of correction at 12 (5.7 mEq/L) and 

48 (10.7 mEq/L) hours exceeds that of previous findings of 3−5 

mEq/L and 3.5−8 mEq/L, respectively.2, 15-17 This may be explained 

by the small sample size of our study.

This study has a number of limitations, including its small 

sample size, retrospective design, ethnic homogeneity, absence 

of post-treatment follow-up to monitor potential complications 

(e.g., ODS), and loss of data at later time points after initiation of 

treatment. In addition, although both treatments were shown to 

be comparable regarding the rate of sodium correction, they were 

comparably slow. A further limitation of the study is that the 

majority of patients had surgical, neurological, or neurosurgical 

conditions, constituting a complex patient population. It is possible 

that the results from these patients may differ from those of a 

different inpatient population. A meta-analysis of randomized 

controlled trials comparing vasopressin receptor antagonist use 

to placebo or no treatment in the setting of hyponatremia showed 

that, within 3−7 days of initiating therapy, the [Na+] correction of 

vasopressin antagonists was significantly increased (5.27 mEq/L) 

compared to the control, and the relative risk of rapid [Na+] 

overcorrection (2.52) was significant with vasopressin antagonists 

without significantly increasing the rate of hypernatremia.18 

Since the most serious criticism of early formulae suggesting 

hyponatremia correction rates is that they fail to account for 

ongoing fluid and electrolyte losses, and therefore underestimate 

actual increases in [Na+], additional retrospective or prospective 

analyses using newer formulae are warranted. Future studies 

focusing on the adherence of HS and conivaptan to expert 

guidelines in the treatment of hyponatremia should include a 

larger sample size; they also should analyze the extent to which 

prescribed rates of HS IV administration are derived from accurate 

calculations of patients’ ideal body weight or the extent to which 

conivaptan infusion rates adhere to manufacturer-established 

prescription rates.4 Although the focus of this study was not to 

assess the accuracy of commonly used formulas to predict a rise in 

[Na+] or to assess the accuracy of established prescription dosages 

for conivaptan, prescribed rates for administering HS were not 

uncommonly lower than those calculated by the Adrogué-Madias 

formula. This may partly explain the paucity of over-correction 

among patients treated with HS. The rationale of the prescribing 

physicians’ orders for a lower rate of HS than that suggested by 

the Adrogué-Madias formula is unclear — assuming goal [Na+] at 

interval points of 2 to 4 mEq/L within 2 to 4 hours, <12 mEq/L in 

24 hours, and to <18 mEq/L in 48 hours; however, caution is advised 

in using these formulae in clinical care, as there is no consensus 

on a universally adopted standard of care but only guidelines to 

achieve normonatremia. Perhaps the observed lower infusion rate 

displays the percent of over-correctors based on expert guidelines, 

stratified by volume status. There was no significant difference 

between HS and conivaptan groups in [Na+] over-correction at 4, 

24, or 48 hours after initiation of therapy.

A small percentage of patients received 5% dextrose in 

water shortly after the administration of either HS (n=3, 8.8%) 

or conivaptan (n=4, 26.7%), and there was no difference in the 

incidence of [Na+] over-correction between HS and conivaptan 

groups related to administration of dextrose water.

Discussion
With an estimated incidence of 1% and prevalence of 2.5%, 

hyponatremia is the most common electrolyte abnormality in 

clinical practice and, as such, is often encountered by primary 

care and subspecialty physicians, e.g., nephrologists, geriatricians, 

endocrinologists, etc.13 Optimal management of hyponatremia is 

evolving. In the setting of symptomatic hyponatremia, treatment 

options include HS and conivaptan. A known benefit of HS is 

that it is less expensive.14 However, it carries the risk of volume 

overload in oliguric or anuric patients, and guidelines for rates of 

infusion have been criticized for posing a risk of underestimating 

an increase in [Na+], particularly in the setting of extracellular 

volume depletion where normal saline is the crystalloid of choice. 

Conversely, conivaptan treatment involves a significantly lower 

volume of medication but carries a higher cost.14 These are factors 

that must be considered when deciding which agent to use in 

treating euvolemic or hypervolemic hyponatremia.

In a retrospective analysis of patients treated with HS or 

conivaptan for hyponatremia, no significant differences were 

identified in adherence to treatment guidelines established in 2007 

by expert panel recommendations.4 Although drawn from a small 

sample size originating from a single center, to our knowledge 

this study is the first to compare the effect of HS and conivaptan 

intervention for the management of hyponatremia in a sample 

of population otherwise similar in all parameters evaluated. 

Findings of the present study suggest that neither agent poses a 

significant risk of over-correction at 4, 24, or 48 hours regardless 

of whether the patient is euvolemic or hypervolemic. This must be 

tempered by the fact that in this retrospective study, it was found 

that 73.3% of the patients receiving conivaptan received it as a 

continuous infusion with the recommended loading dose whereas 

the remainder of the patients did not. This may be due to the fact 

that the prescribing conivaptan was available to any attending-

level physician at our institution, regardless of department. The 

observed rate of mean [Na+] correction with conivaptan at 4 (2.9 

mEq/L) and 24 (7.7 mEq/L) hours in this study is consistent with 

previously published findings of 2−3.5 mgEq/L and 6−8 mEq/L, 

Table 2. Serial serum sodium concentrations.

Parameter
Hypertonic Saline

(n=34 unless otherwise 
specified)

Conivaptan
(n=15 unless otherwise 

specified)
P value

[Na+] 0 h (mEq/L) 120.5 ± 3.8 118.3 ± 6.7 P = 0.16

[Na+] 4 h (mEq/L) (n=27) 122.9 ± 4.5 121.2 ± 7.7 P = 0.37

[Na+] 12 h (mEq/L) (n=32) 125.8 ± 3.9 (n=14) 123.6 ± 7.7 P = 0.21

[Na+] 24 h (mEq/L) (n=31) 128.5 ± 4.4 126.1 ± 7.2 P = 0.17

[Na+] 48 h (mEq/L) (n=21) 130.7 ± 6.2 129.1 ± 6.3 P = 0.44
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of HS was prescribed in response to recommendations made in 

previous studies.9 Although the protocol advises the use of a 20-mg 

loading dose of conivaptan followed by an infusion of 20 mg in 24 

hours, some of the treating physicians elected to use the infusion 

alone in 23% of the cases; this was based on previous experience 

whereby the loading dose resulted in massive diuresis requiring 

intravenous dextrose in water. As such, the slow infusion provides 

a safer control of the diuretic response since the magnitude of 

the diuresis varies by patient. It is hoped that the approval of 

tolvaptan in May 2009 will ease the treatment of euvolemic and 

hypervolemic hyponatremia since tolvaptan can be administered 

orally, eliminating the possibility of infusion site reactions that 

come with the current method of central line administration.19
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