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Abstract

Background Conivaptan is an arginine-vasopressin-

receptor antagonist approved for the treatment of hypona-

tremia. We hypothesized that administration of conivaptan

to normonatremic patients with traumatic brain injury

(TBI) is safe and could reduce intracranial pressure (ICP).

Methods Open-label, randomized, controlled trial enroll-

ing 10 subjects within 24 h of severe TBI to receive a

single 20 mg dose of conivaptan (n = 5) or usual care

(n = 5). The primary endpoint was the evaluation of the

safety profile defined by serum sodium increases averaging

>1 mEq/h when measured every 4 h and any adverse

events. Secondary endpoints were 48-h serum sodium,

sodium load, change in ICP, and urine output.

Results Ten patients were included in the intention-to-

treat analysis. Three patients (2 conivaptan, 1 usual care

group) experienced brief sodium increases averaging

>1 mEq/h, with no patients achieving Na >160 mEq/l.

There were no drug-related serious adverse events. At 48 h,

the mean sodium was 142 ± 6 mEq/l (conivaptan) and

144 ± 10 mEq/l (usual care, P = 0.71). 48-h sodium load

was 819 ± 724 mEq in the conivaptan and 1,137 ±

1,165 mEq in the usual care group (P = 0.62). At 4 h,

serum sodium was higher (P = 0.02) and ICP was lower

(P = 0.046) in the conivaptan compared with usual care

group. 24-h but not 48-h urine output was different between

the two groups (P < 0.01 and P = 0.20, respectively).

Conclusions These data suggest that a single dose coni-

vaptan is safe in non-hyponatremic patients with severe

TBI and may reduce ICP. Further studies are needed to

establish the effect of conivaptan on clinically relevant

endpoints, and its role in the management of intracranial

hypertension.
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Introduction

Traditional modalities for the treatment of increased intra-

cranial pressure (ICP) have included both mannitol and

hypertonic saline solutions, which elevate the osmolarity

within the cerebral vasculature and promote water move-

ment across the blood–brain barrier and into the capillary

system. This fluid shift allows the reduction of cerebral
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edema fluid and ICP [1]. Although hypertonic saline solu-

tions are effective at reducing ICP, administration of high

loads of exogenous sodium is often necessary to maintain

hypernatremia due to natriuresis. This necessitates frequent

measurement of serum sodium to avoid uncontrolled, rapid

increase or decrease in sodium levels. In the experimental

setting, when the blood–brain barrier is disrupted, rapid

correction of hyponatremia has been shown to result in

osmotic demyelination [1].

Conivaptan (Vaprisol�) is an antagonist of arginine

vasopressin V1A and V2 receptors and promotes aqueresis.

Conivaptan and other vasopressin antagonists have been

demonstrated to increase serum sodium in a controlled

fashion, and conivaptan is FDA approved for the treatment

of euvolemic and hypervolemic hyponatremia. Numerous

studies have attempted to address the management of

hyponatremia with conivaptan in the neurocritical care

setting [1–5]. Given the goal of maintaining a stable state

of normal or high serum sodium in most patients with

increased ICP, we hypothesized that conivaptan may have

beneficial effects in this setting.

As an initial step in testing this hypothesis, we con-

ducted an open-label, randomized, controlled trial of

conivaptan compared with usual care in patients with

severe traumatic brain injury (TBI). This study was

designed to assess the safety and tolerability of adminis-

tering a single dose of conivaptan to normonatremic

critically ill patients with severe TBI. Our secondary goals

included the assessment of sodium load and level, as well

as changes in ICP between the groups.

Materials and Methods

The study was conducted between August 2009 and May

2010 at Harborview Medical Center, an urban level I trauma

center that receives patients from a wide geographic area in

the Pacific Northwest. The study was approved by the

Human Subjects Division Review Board of the University of

Washington. A signed informed consent form was obtained

from all participants’ legally authorized representatives. The

FDA determined that the study met all of the requirements

for exemption from the IND regulations and, therefore, an

IND was not required to conduct the trial.

Patient Population

Admission criteria included age C18 years, admission to

the ICU, an admission diagnosis of isolated, severe TBI as

defined by a Glasgow Coma Scale (GCS) of 8 or less upon

initial evaluation, and requiring placement of an intrapa-

renchymal fiberoptic device to monitor ICP. Additionally,

patients were eligible if there was an order by the primary

care team to initiate supplemental sodium with an intention

to raise the serum sodium to a goal approximately 10 mEq/l

higher than admission baseline in order to reduce cerebral

edema and/or ICP.

Patients were excluded from the study based on the fol-

lowing criteria: 1. Unable to receive the medication based on

contraindications indicated by the manufacturer; 2. Age

<18 years; 3. Hemodynamic instability defined by hypo-

tension (defined as systolic blood pressure <90 mmHg) at

the time of evaluation or requirement for vasopressors; 4.

Liver disease defined by jaundice and ascites, or elevated

liver function tests (AST >35 units/l, ALT >35 units/l);

5. Renal disease including end stage renal disease on chronic

dialysis, or elevated renal function tests (serum creati-

nine >1.5 mg/dl, BUN >20 mg/dl); 6. Serum sodium

>145 mEq/l at baseline (admission labs or any time prior to

randomization); 7. No ICP monitor placement; 8. Pregnant or

lactating females; 9. Concomitant use of digoxin, ketocon-

azole, itraconazole, clarithromycin, ritonavir, and indinavir

(as recommended by the manufacturer due to CYP3A inhi-

bition); 10. Presentation to the tertiary care hospital >24 h

post-injury; 11. Multi-system traumatic injuries; 12. Diabe-

tes insipidus; 13. Not expected to survive within 48 h of

admission, or a presumed diagnosis of brain death.

Study Design

After consent was obtained, patients were randomized to

receive the study medication (conivaptan) in addition to

usual care (n = 5) or usual care alone (n = 5). Given the

open-label administration of the medication, clinicians,

participants, and researchers knew if the patient had

received the medication. The study medication, conivaptan,

was administered in a single dose of 20 mg, mixed with

100 ml of 5% dextrose in water, and infused over 30 min.

The usual care group did not receive any study medication.

For safety reasons, patients were not allowed to receive

hypertonic saline solutions in concentrations greater than

3%. Usual care also included sedation and analgesia as

needed, elevation of the head of the bed, mannitol and/or 3%

saline as needed to reduce ICP, and temperature control with

antipyretics such as acetaminophen. During the ICU stay, all

study participants had serum sodium assessment every 4 h.

Study Endpoints

The primary study endpoint was the evaluation of the

safety profile of conivaptan compared with standard care.

The primary safety endpoint was the number of events of

increase in serum sodium averaging greater than 1 mEq/h,

when measured every 4 h. Additional endpoints used to

evaluate safety included: 1. Any increase in serum sodium

above the target goal range established by the primary care
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team, and 2. Any drug-related adverse events occurring

during the study period.

Secondary endpoints were the mean serum Na and Na

load (cumulative amount of sodium administered by ent-

eral and parenteral routes) in the first 48 h after

randomization, mean ICP values and change in ICP after

randomization, and cerebral perfusion pressure (CPP).

Urine volume in 4-h intervals was evaluated during the first

48 h after randomization.

Statistical Methods

As the trial was designed to investigate safety and tolera-

bility, the study was not powered to detect differences in

the efficacy endpoints. We determined that a sample of 10

patients was adequate to evaluate the safety of the

administration of conivaptan in non-hyponatremic patients.

The analysis was done using an intention-to-treat

approach. Descriptive statistics were used to describe the

distribution of baseline characteristics using two-sample

Student’s t-test or chi-square statistic, as appropriate.

Linear mixed effects models were used to compare the

longitudinal change of variables with repeated measures,

specifically serum sodium and ICP, between the two

groups. A two-sided level of significance of 0.05 was

considered for significance in all analyses. All hypothesis

testing was two-sided. The analyses were performed using

the statistical software STATA vers 11 (Stata Corp,

College Station, TX).

Results

Baseline Characteristics

A total of 216 patients were assessed for eligibility and 10

met inclusion criteria and were included in the intention-to-

treat analysis. Figure 1 shows the population with severe

TBI that was assessed for eligibility. The mean age was

50 ± 13 years in the conivaptan group and 48 ± 20 years

in the usual care group (P = 0.83). There were no sub-

stantial differences in demographics, pre-admission, and

patient baseline characteristics, except for mean arterial

pressure and cerebral perfusion pressure that were higher at

baseline in the usual care group compared with the coni-

vaptan group (Table 1).

Drug Safety and Effect on Sodium Balance

Three patients experienced brief (less than 4 h) sodium

increases >1 mEq/l/h, two in the treatment group, one in

the usual care group. There were no instances of patients

achieving sodium levels >160 mEq/l. There were no

adverse events related to the study drug during the study

period.

The peak effect on serum sodium was seen at 4 and

8 h post study drug administration and the change from

baseline was significantly different between the two

groups at 4 h (Table 2; Fig. 2a, P = 0.02). The effect on

sodium change was accompanied by a significant decrease

Assessed for eligibility (n=216) 

Excluded (n=206 ) 
♦ Not meeting inclusion criteria (n=181) 

No TBI/ICP monitor, late presentation (n=89) 
Multiple trauma/expected demise (n=27) 
Hemodynamic instability (n=2) 
Sodium out of range (n=28) 
Liver/renal disease, concomitant medication 
(n=10) 
Age <18 years (n=25) 

♦ Declined to participate (n=25) 

Analyzed  (n=5)

Allocated to conivaptan group (n=5) 
♦ Received allocated intervention (n=5)

Allocated to usual care group (n=5) 
♦ Received allocated intervention (n=5)

Analyzed  (n=5) 

Allocation

Analysis

Randomized (n=10) 

Enrollment 
Fig. 1 Study flow diagram
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in ICP (change from baseline -8 ± 7.7 and +2.5 ±

4.4 mmHg in the conivaptan compared with the usual

care group, respectively, P = 0.046, Fig. 2b). Concomi-

tant measurements of arterial blood pressure remained

stable and there was no change in cerebral perfusion

pressure (Fig. 2c, d).

The average serum sodium at 24 h (142 ± 5 and

143 ± 7 mEq/l, P = 0.76) and 48 h (142 ± 6 and

144 ± 10 mEq/l at 48 h, P = 0.71) was not different

between the conivaptan versus the usual care group,

respectively. There were no differences in the peak sodium

level achieved in 48 h, in the time to achievement of

sodium >145 mEq/l or in the number of hours with serum

sodium above 150 mEq/l during the first 48 h after ran-

domization (Table 2). The amount of sodium administered

in the first 48 h was 819 ± 724 mEq in the conivaptan and

1,137 ± 1,165 mEq in the usual care group (P = 0.62).

Urine output at 24 h was significantly different between

the conivaptan and usual care group (3,959 ± 504 and

2,174 ± 717 mL, P < 0.01). In the subsequent 24 h there

was no difference between the two groups (3,096 ± 1,203

and 2,199 ± 772 ml, respectively, P = 0.20). However,

the cumulative 48 h urine volume was different between

the two groups (7,055 ± 1,436 and 4,373 ± 1,413,

respectively, P = 0.02). The peak difference in 4-h urine

output was observed at 8 h after randomization (Fig. 3,

P = 0.045).

Discussion

This study was designed to evaluate the safety of single dose

conivaptan in normonatremic patients with severe TBI. We

did not identify any significant excessive increases in serum

Table 1 Baseline

characteristics of study

population

ER emergency room, GCS
Glasgow Coma Scale, AIS
Abbreviated Injury Score

Values are mean ± SD or n

Conivaptan (n = 5) Standard care (n = 5) P value

Age, years 47.8 ± 20.0 50.2 ± 13.8 0.83

Male gender, n male 4 3 0.49

Weight, kg 78.8 ± 26.4 81.1 ± 24.6 0.89

Admitted from field, n 3 5 0.11

Pre-hospital

GCS 6 ± 4 7.5 ± 5.7 0.67

Hypotension, n 0 0 1.00

Hypoxemia, n 2 2 1.00

Tracheal intubation, n 4 4 1.00

Paralytics, n 3 3 1.00

Emergency room

GCS 4.4 ± 1.9 5.0 ± 2.3 0.68

AIS-head 5.0 ± 0.0 5.2 ± 0.5 0.29

Mean arterial pressure, mmHg 88 ± 8 102 ± 15 0.11

Serum sodium, mEq/l 135 ± 5.0 135 ± 3.6 0.89

ICU admission

GCS 5.0 ± 2.8 4.9 ± 2.2 0.95

Mannitol, n 0 0 1.00

Hypertonic saline, n 2 1 0.49

Surgical decompression, n 2 3 0.53

Ventricular drainage, n 0 2 0.11

Pre-randomization baseline

Mean arterial pressure, mmHg 85.8 ± 6.6 98.6 ± 6.8 0.02

Intracranial pressure, mmHg 18 ± 10.4 11 ± 9.0 0.29

Cerebral perfusion pressure, mmHg 71 ± 10 89 ± 9 0.02

Serum sodium, mEq/l 136 ± 2.1 138 ± 3.4 0.35

Serum chloride, mEq/l 103 ± 4.1 104 ± 3.3 0.57

Plasma osmolarity, mOsm/l 289 ± 4.8 301 ± 18.9 0.24

Serum creatinine, mg/dl 0.68 ± 0.19 0.68 ± 0.24 1.00

Serum glucose, mg/dl 156.5 ± 24.0 138.6 ± 19.8 0.26

Time from ER admission to randomization, h 19.7 ± 14.2 18.4 ± 3.9 0.85
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sodium or any adverse events related to the administration of

conivaptan. The study was not powered to effectively study

efficacy, although we were able to demonstrate that serum

sodium increased significantly 4 h after drug administration,

which is consistent with the anticipated onset of action for

conivaptan. Concomitantly, ICP was noted to be signifi-

cantly lower in the conivaptan compared with the usual care

group, supporting possible therapeutic utility of conivaptan

in controlling intracranial hypertension.

The observation that conivaptan has significant effects

on ICP associated with a steep change in sodium level is

important. Moreover, our data suggest that while mean

arterial pressure remained comparable between the two

groups, the ICP dropped in the intervention group only.

However, it should be noted that conivaptan induced

dieresis could potentially be associated with intravascular

volume contraction. Consistent with our findings, coni-

vaptan has been reported to result in a fall in ICP 3–5 h

after the medication administration in a patient with severe

TBI and elevated ICP [3]. This time frame is consistent

with the kinetics we observed for maximum drop in ICP

and increased serum sodium. The authors of this previous

report concluded that vasopressin-receptor antagonism and

aquaresis reduced brain water, which reduced ICP and

dramatically increased fluid output.

Our data suggest that the effect on ICP may be more

pronounced than the effect on aquaresis, possibly indicat-

ing that the effect on ICP was mediated by mechanisms

other than merely V2 receptor antagonism. Emerging data

in experimental stroke suggest that V1 receptor antagonism

attenuates injury volume and cerebral edema [6], and that

inhibition of V1a receptors reduces ICP and brain water

content in a murine model of trauma-induced brain edema

[7], and via modulation of aquaporin-4 expression by

selective V1a receptor antagonism in rats [8]. Because there

is an increase in the expression of vasopressin receptors in

the brain following TBI, it is conceivable that V1a receptor

antagonism has a role in the treatment of cerebral edema

following trauma [9–11]. On the other hand, stimulation of

V1 receptors has cerebro-vascular effects that appear to

have variable effects on ICP [12–16]. Further investigation

is necessary to provide an explanation for our findings and

to better delineate the mechanisms of action of conivaptan

in the injured brain.

One safety issue of major concern was the rate of rise in

serum sodium after conivaptan administration due to the

potential risk of central pontine myelinolysis [17]. Our data

indicated only isolated increases >1 mEq/l/h, neither of

which lasted more than a single 4-h time interval. Naidech

et al. [5] also noted that conivaptan resulted in significant

Table 2 ICU data and study

endpoints within 48 h post-

randomization

MAP mean arterial pressure,

ICP intracranial pressure, CPP
cerebral perfusion pressure

Values are mean ± SD

Conivaptan (n = 5) Standard care (n = 5) P value

Na increases >1 mEq/h, n of events 2 1 0.49

Na >160 mEq, n of events 0 0 –

Average Na load, mEq 819 ± 724 1,137 ± 1,165 0.69

Maximum Na in 48 h 146 ± 7 146 ± 9 0.97

Time spent with Na >150 mEq, h 6 ± 9 6 ± 13 0.90

Lab values at 24 h

Serum Na, mEq/l 142 ± 4.8 143 ± 6.9 0.76

Serum chloride, mEq/l 107 ± 7.1 110 ± 4.7 0.35

Plasma osmolarity, mOsm/l 295 ± 11 297 ± 5.3 0.79

Serum creatinine, mg/dl 0.76 ± 0.23 0.6 ± 0.14 0.22

Change from baseline at 4 h

Serum Na, mEq/l 3.4 ± 1.9 -0.4 ± 1.9 0.02

MAP, mmHg -2.2 ± 7.4 0.6 ± 8.3 0.59

ICP, mmHg -8.0 ± 7.7 2.5 ± 4.4 0.046

CPP, mmHg 5.8 ± 17.0 5.0 ± 24.5 0.95

Urine volume, ml/4 h 755 ± 519 645 ± 170 0.71

Change from baseline at 24 h

Serum Na+, mEq/l 5.8 ± 3.3 5.2 ± 3.6 0.79

MAP, mmHg 4.8 ± 14.1 2.8 ± 14.8 0.83

ICP, mmHg -6.2 ± 8.2 -1.0 ± 7.1 0.35

CPP, mmHg 6.0 ± 13.1 -3.0 ± 12.7 0.33

Urine volume, ml/24 h 3,959 ± 504 2,174 ± 717 0.002

IV fluid volume, ml/24 h 3,486 ± 1,287 3,068 ± 2,009 0.71

Cumulative 48 h urine output 7,055 ± 1,435 4,373 ± 1,412 0.02
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increases in serum sodium at a rate that was not concerning

for the development of sequelae. These two studies differed

in the baseline serum sodium levels; however, the rate of

rise of serum sodium was comparable.

Another safety issue is that conivaptan should be avoi-

ded in the presence of hypovolemia given the observation

that conivaptan administration is associated with diuresis.

Hyponatremia associated with cerebral salt wasting is a

good example of a scenario where conivapatan may be

harmful, and illustrates the need for careful assessment of

intravascular volume prior to administration of this agent.

The dosing of conivaptan (a single 20 mg IV bolus) in our

study was conservative given the safety-oriented primary

endpoint. For treatment of hyponatremia, the manufacturer

recommends a 20 mg loading bolus followed by 20 mg/day

continuous infusion for up to a maximum of 4 days. This

dose can be titrated up to a maximum daily infusion of

40 mg. Future studies of conivaptan in patients with

Fig. 2 Mean change from baseline in a serum Na, b intracranial

pressure, c mean arterial pressure, and d cerebral perfusion pressure

(CPP) in patients randomized to receive a single 20 mg dose of

conivaptan (open diamond) or usual care (open circle). * P < 0.05

comparing conivaptan versus usual care

Fig. 3 Mean 4-h urine output in patients randomized to receive a

single 20 mg dose of conivaptan (open diamond) or usual care (open
circle). * P < 0.05 comparing conivaptan versus usual care
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elevated ICP are necessary to evaluate if a more sustained

effect on ICP can be achieved with higher doses or contin-

uous infusion of the drug.

Our report has some important limitations. As men-

tioned above, our study was designed to address the safety

and tolerability of conivaptan and did not have adequate

power for establishing efficacy. As well, it was not targeted

specifically at intracranial hypertension and some patients

had ICP’s <20 mmHg at the time of drug administration.

Nonetheless, the significant changes in ICP observed after

drug administration would represent a clinically relevant

effect size. Future studies will need to be adequately

powered to assess efficacy in terms of effect on ICP and

patient outcomes, with less restrictive inclusion criteria and

allowing the administration of higher drug doses.

Conclusions

These data suggest that a single dose of conivaptan is safe

in non-hyponatremic patients with severe TBI for whom

increases in serum sodium is desirable for the purpose of

ICP control. Conivaptan caused an increase in serum

sodium within 4 h of administration with a concomitant

significant reduction in ICP without adverse effects. These

data suggest a potentially important role of conivaptan

among the treatment options to achieve ICP control,

especially in patients already receiving maximal medical

therapy. Further studies are needed to establish the effect of

higher doses and longer administration on clinically rele-

vant endpoints.
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