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Use of Desmopressin Acetate in Severe Hyponatremia
in the Intensive Care Unit

Cédric Rafat,*† Frédérique Schortgen,‡ Stéphane Gaudry,*§ Fabrice Bertrand,* Romain Miguel-Montanes,*†

Vincent Labbé,* Jean-Damien Ricard,*†§ David Hajage,| and Didier Dreyfuss*†§

Summary
Background and objectives Excessive correction of chronic and profound hyponatremia may result in central
pontine myelinolysis and cause permanent brain damage. In the case of foreseeable or established hyponatremia
overcorrection, slowing down the correction rate of sodium plasma levels (PNa) or reinducing mild hyponatremia
may prevent this neurologic complication.

Design, setting, participants, &measurements This retrospective and observational studywas performedwith 20
consecutive patients admitted to two intensive care units for severe hyponatremia, defined by PNa,120mmol/L
and/or neurologic complications ascribable to hyponatremia and subsequently treated by desmopressin
acetate (DDAVP) during correction of hyponatremia when the rate of correction was overtly or predictably
excessive. The primary endpoint was the effectiveness of DDAVP on PNa control.

ResultsDDAVP dramatically decreased the rate of PNa correction (median 0.81 mmol/L per hour [interquartile
range, 0.46, 1.48] versus 20.02 mmol/L per hour [20.16, 0.22] before and after DDAVP, respectively; P,0.001)
along with a concurrent decrease in urine output (650 ml/h [214, 1200] versus 93.5 ml/h [43, 143]; P=0.003),
and a rise in urine osmolarity (86 mmol/L [66, 180] versus 209 mmol/L [149, 318]; P=0.002). The maximal
magnitude of PNa variations was also markedly reduced after DDAVP administration (11.5 mmol/L [8.25,
14.5] versus 5 mmol/L [4, 6.75]; P,0.001). No patient developed seizures after DDAVP or after subsequent
relowering of PNa that occurred in 11 patients.

ConclusionsDesmopressin acetate is effective in curbing the rise of PNa in patients admitted in the intensive care
unit for severe hyponatremia, when the initial rate of correction is excessive.

Clin J Am Soc Nephrol 9: 229–237, 2014. doi: 10.2215/CJN.00950113

Introduction
Profound hyponatremia presents clinicians with a
conundrum (1). On one hand, failure to aggressively
treat severe symptomatic hyponatremia in the early
stages of the patient’s management can lead to life-
threatening consequences, including coma, seizures,
and brain herniation (2). On the other hand, an inadver-
tent and overly rapid correction of such hyponatremia
may result in subsequent osmotic demyelination
causing central pontine myelinosis (CPM), a dreaded
neurologic complication (3–5). Therefore, recom-
mendations advocate a controlled correction of
hyponatremia and plasma sodium (PNa) increase
not to exceed 10–12 mmol/L (although a rapid 3–4
mmol/L initial increase is desirable in patients with
severe neurologic symptoms) within the first 24
hours and 18 mmol/L in 48 hours (6–8). In addition,
prompt recognition of the underlying pathogenic
mechanism causing hyponatremia is crucial (9). In-
deed, spontaneous overly rapid correction is an es-
pecially frequent scenario in the setting of
hypovolemia (once normovolemia has been re-
stored), primary polydipsia (after implementing

water restriction), or impaired dilution due to thia-
zide diuretics or antipsychotic drugs (after discontin-
uation of the culprit drug) (10). More problematic is
the therapeutic strategy in the face of impending
overcorrection or once the target PNa considered
safe has been overstepped. Experimental studies
have shown an interest in relowering PNa through
infusion of hypotonic fluids as one option to prevent
osmotic demyelination (11,12). Investigators recently
advocated desmopressin acetate (DDAVP) as an-
other modality to reach this goal (10,13). DDAVP, a
V2-vasopressin analog, promotes water reabsorption
through V2 receptor activation on the collecting duct,
thereby reducing urinary water losses that serve to
increase the PNa.
To our knowledge, only a few case reports (14–16)

and two retrospective studies (17,18) not conducted
in an intensive care unit (ICU), have provided sup-
port for this therapeutic approach. This paucity of
data is astonishing because hyponatremia is among
the most common electrolyte disorders among pa-
tients in the ICU (8,19) and its management is a
much debated issue.
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Because we have used DDAVP for many years as a
means to avoid overcorrection of hyponatremia, we report
herein the clinical and biologic outcomes of 20 patients
admitted in two academic ICUs for severe hyponatremia
and subsequently treated with DDAVP because of spon-
taneous overcorrection, either overt or predictable.

Materials and Methods
Patient Inclusion Criteria
This was a retrospective study in which case detection

was conducted through a survey in two French academic
ICUs (Louis Mourier Hospital and Henri Mondor Hospi-
tal). Patient eligibility for study inclusion included admis-
sion for hyponatremia with a plasma concentration ,120
mmol/L and hyponatremia as a primary diagnosis during
the period from January 2008 to December 2011 (n=93).
The prescription charts were then reviewed and only pa-
tients who were given DDAVP as part of the strategy to
control the rise of PNa levels were selected (n=25). We
excluded patients for whom critical data regarding modal-
ity of DDAVP administration were lacking (n=5). This
study was approved by the ethics committee of the French
Intensive Care Society (registration number: CE SRLF
12-383). In keeping with expert recommendations, preas-
signed goals for patients to meet consisted of a maximal
increase of PNa of 12 mmol/L and 18 mmol/L within the
first 24 hours and 48 hours of the first recorded PNa level,
respectively (6,8).

Baseline Characteristics and Variables of Interest
Medical records were reviewed and data were collected

using a standardized collection form. Data retrieved in-
cluded the following: demographic features, cause(s), and
risk factors for hyponatremia; Simplified Acute Physiology
Score II; length of ICU stay; presence, type, and severity of
organ failure(s); and death before hospital discharge.
Neurologic manifestations ascribable to hyponatremia

during prehospital management or within 24 hours after
ICU admission were appraised (see the Supplemental Ap-
pendix for details).
We collected and analyzed urine output as well as the

following biologic variables before admission in our two
units and every 2–4 hours after admission in our units, 2–6
hours after DDAVP administration, and then on a daily
basis once the patients had reached a PNa level deemed
safe. The biologic variables consisted of serum and urine
creatinine, BUN, PNa, serum and urine potassium levels,
and calculated urine osmolarity (see the Supplemental Ap-
pendix for details). The first PNa recorded at the time
point Ti upon hospital admission was termed PNai. The
last recorded PNa before the first DDAVP administration
and the minimum PNa level recorded after the first
DDAVP administration were termed PNabef and PNanadir,
respectively. Details regarding fluid management, includ-
ing restriction of oral fluid intake, prescription of intrave-
nous hypertonic sodium chloride (NaCl 3%), or loop
diuretics, were also reviewed. We also noted the volume
and timing of fluids infused, with respect to DDAVP ad-
ministration, and whether they consisted of hypotonic
fluids (sodium concentration inferior to PNa) or electrolyte-
free fluids (D5W or D2.5W).

We examined the DDAVP dosage, timing of adminis-
tration, number of administrations, and total dose for each
patient. DDAVP was injected intravenously in all but one
patient, who received it through the intranasal route.
Indication for DDAVP treatment, dosage, and administra-
tion periodicity were at the discretion of the attending
physician, under the supervision of two authors (D.D.
for Louis Mourier Hospital and F.S. for Henri Mondor
Hospital).
The kinetics of PNa was analyzed before and after the

start of DDAVP treatment, using different methods (see
Supplemental Figure 1 for details). First, the PNa correc-
tion rate before DDAVP administration was determined as
the difference between PNabef and PNai, with respect to
the time elapsed during this period. The PNa correction
rate after DDAVP administration was determined as the
difference between the PNa level recorded 24 hours after
administration, or before a repeat administration (if it oc-
curred ,24 hours after the first injection), and the PNa
level evaluated within 2–6 hours after DDAVP administra-
tion (in order to take the delayed effect of DDAVP into
account), with respect to the time elapsed during this pe-
riod. Second, the maximal magnitude of PNa variations
was calculated as the difference between the lowest and
the highest PNa levels recorded before (DPNa pre-
DDAVP) and after (DPNa post-DDAVP) the first DDAVP
administration. The time interval for DPNa post-DDAVP
calculation was restricted to 24 hours after the first
DDAVP administration. Third, the 24- and 48-hour increases
of PNa (termed D24 and D48, respectively) were defined as
the difference between the PNa levels assessed at 24 hours
and 48 hours after PNai was recorded. Fourth, the kinetics of
PNa levels was also assessed by a linear mixed-effects model
described in the Supplemental Appendix. Finally, PNa re-
lowering was defined for each patient as either a D48 lower
than D24 or a negative PNa correction rate after the first
DDAVP injection.

Outcomes and Statistical Analyses
The primary endpoint was the effectiveness of DDAVP

on PNa control, as determined by the time course of PNa
levels. In addition, seizure occurrence and the relowering
rate after DDAVP injection were investigated.
Statistical comparisons were made using the paired-

sample Wilcoxon test. Statistical analysis was performed
using GraphPad Prism software (version 5.0; GraphPad
Software, Inc., La Jolla, CA) and the lme4 package (20).
Data are reported as the median and interquartile range
(IQR) (25th, 75th percentile), proportions, or estimates
(6 confidence interval) as appropriate and unless indicated
otherwise. P,0.05 was considered significant.

Results
Study Patients, Baseline Characteristics, ICU Variables, and
Causative Factors for Hyponatremia
Of 93 patients admitted in both units as a result of severe

hyponatremia, 20 were included in this study. The cohort
of patients given DDAVP comprised 9 men and 11 women
with a median age of 57 years (IQR, 51, 74.8). Only three
patients were free of any neurologic impairment due to
hyponatremia on admission. Preexisting neuropsychiatric

230 Clinical Journal of the American Society of Nephrology

http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.00950113/-/DCSupplemental


T
ab

le
1
.

In
d
iv
id
u
al

d
at
a
re
ga
rd
in
g
ca

u
se
s
an

d
co

m
p
li
ca

ti
o
n
s
o
f
h
yp

o
n
at
re
m
ia

an
d
P
N
a
ki
n
et
ic
s-
re
la
te
d
va

ri
ab

le
s,
b
ef
o
re

D
D
A
V
P

Pa
ti
en

t
N
o.

Se
x

A
ge

(y
r)

PN
a i

(m
m
ol
/
L
)

E
ti
ol
og

ic
Fa

ct
or
s
of

H
yp

on
at
re
m
ia

N
eu

ro
lo
gi
c

C
om

pl
ic
at
io
ns

a

T
re
at
m
en

t-
R
el
at
ed

V
ar
ia
bl
es

be
fo
re

D
D
A
V
P

PN
a
K
in
et
ic
s
be

fo
re

D
D
A
V
P

A
d
m
in
is
tr
at
io
n

H
yp

ot
on

ic
/

E
le
ct
ro
ly
te
-

Fr
ee

Fl
ui
d

V
ol
um

e
(m

l)
b

3% N
aC

l
L
oo

p
D
iu
re
ti
c

D
PN

a
Pr
e-

D
D
A
V
P

(m
m
ol
/
L
)c

PN
a

C
or
re
ct
io
n

R
at
e

(m
m
ol
/
L

pe
r
ho

u
r)
d

U
ri
ne

O
ut
pu

t
(m

l/
h)

U
N
a+
U

K
(m

m
ol
/
L
)e

U
o
sm

(m
O
sm

ol
/
L
)f

1
M
al
e

51
10

4
PS

Y
,P

O
L
Y
,

SS
R
I,
N
L
,A

L
C

S
30

00
/
30

00
Y
es

N
o

11
0.
42

N
A

73
36

8

2
Fe

m
al
e

61
98

H
Y
PO

15
52

50
/
45

00
Y
es

N
o

8
0.
32

22
8

N
A

N
A

3
M
al
e

61
11

0
PO

L
Y
,S

SR
I,
N
L

S
50

0/
50

0
N
o

N
o

9
1.
51

14
00

55
13

6
4

Fe
m
al
e

76
10

7
H
Y
PO

,T
H
Z

15
27

50
/
27

50
N
o

N
o

12
0.
52

41
2

46
17

1
5

M
al
e

54
10

9
PO

L
Y
,S

SR
I

S
30

00
/
20

00
N
o

N
o

15
0.
65

65
0

22
63

6
M
al
e

55
11

6
PS

Y
,P

O
L
Y
,

SS
R
I,
N
L

15
10

00
/
10

00
N
o

N
o

11
1.
38

62
5

23
76

7
Fe

m
al
e

78
11

8
T
H
Z

S
25

0/
25

0
Y
es

N
o

10
0.
42

76
10

86
8

M
al
e

62
10

0
PO

L
Y
,C

M
Z
,A

L
C

5
10

00
/
10

00
N
o

Y
es

13
0.
44

N
A

95
38

4
9

Fe
m
al
e

77
10

7
T
H
Z

S
15

00
/
15

00
N
o

N
o

5
0.
56

19
00

42
18

0
10

M
al
e

54
12

0
PS

Y
,P

O
L
Y
,

N
L
,A

L
C

10
20

00
/
20

00
N
o

N
o

7
1.
75

10
00

11
32

11
Fe

m
al
e

51
11

7
PS

Y
,P

O
L
Y
,

T
H
Z
,N

L
S

50
0/

25
0

N
o

N
o

2
0.
66

70
46

19
4

12
Fe

m
al
e

57
11

1
PS

Y
,P

O
L
Y
,N

L
14

25
0/

25
0

N
o

N
o

4
0.
33

N
A

8
66

13
Fe

m
al
e

46
10

9
PS

Y
,P

O
L
Y

S
15

00
/
10

00
N
o

N
o

22
1.
09

N
A

18
58

14
M
al
e

82
11

9
H
Y
PO

,T
H
Z

S
10

00
/
10

00
N
o

N
o

23
1.
77

N
A

54
28

8
15

Fe
m
al
e

71
10

7
H
Y
PO

,T
H
Z

14
10

00
/
10

00
N
o

N
o

15
0.
51

20
0

21
4

11
8

16
Fe

m
al
e

87
10

7
T
H
Z

14
50

0/
50

0
N
o

N
o

12
1.
2

N
A

N
A

10
2

17
M
al
e

40
10

7
PS

Y
,N

L
S

50
0/

50
0

N
o

N
o

21
0.
95

20
00

N
A

36
18

Fe
m
al
e

57
10

7
PS

Y
,P

O
L
Y
,N

L
S

20
0/

20
0

N
o

N
o

11
2.
20

N
A

9
72

19
M
al
e

47
10

9
PO

L
Y
,N

L
,A

L
C

12
10

0/
10

0
N
o

Y
es

12
2.
40

71
4

10
86

20
M
al
e

30
11

7
PS

Y
,P

O
L
Y
,

N
L
,A

L
C

S
75

0/
75

0
N
o

N
o

13
1.
30

79
0

12
83

M
ed

ia
n

(I
Q
R
)

or
n

57
(5
1,

74
.8
)

10
9

(1
07

,1
16

.8
)

3
(3
,1

4)
83

(3
3,

13
1)
/
10

00
(5
00

,1
62

5)
3

2
11

.5
(8
.3
,1

4.
5)

0.
81

(0
.4
6,

1.
48

)
65

0
(2
14

,1
20

0)
23

(1
0.
5,

54
.5
)

86
(6
6,

18
0)

PN
a,

pl
as
m
a
so
d
iu
m

co
nc

en
tr
at
io
n;

D
D
A
V
P
,d

es
m
op

re
ss
in

ar
gi
ni
ne

va
so
pr
es
si
n;

PN
a i
,P

N
a
re
co
rd
ed

at
ho

sp
it
al

ad
m
is
si
on

;P
SY

,p
sy
ch

os
is
;P

O
L
Y
,p

ol
yd

ip
si
a;

SS
R
I,
se
le
ct
iv
e
se
ro
to
ni
n
re
-

up
ta
ke

in
hi
bi
to
r;
N
L
,n

eu
ro
le
p
ti
c
d
ru
gs

A
L
C
,a

lc
oh

ol
ab

us
e;
S,

se
iz
ur
e(
s)
;N

A
,n

ot
re
ad

ily
av

ai
la
bl
e;
H
Y
P
O
,h

yp
ov

ol
em

ia
;T

H
Z
,t
hi
az

id
e
d
iu
re
ti
cs
;C

M
Z
,c
ar
ba

m
az

ep
in
e;
IQ

R
,i
nt
er
qu

ar
ti
le

ra
ng

e;
G
C
S,

G
la
sg
ow

C
om

a
Sc
al
e.

a O
cc
ur
re
nc

e
of

se
iz
ur
e(
s)

or
lo
w
es
tG

C
S
sc
or
e.
In

th
e
ev

en
to

fs
ei
zu

re
(s
),
pa

ti
en

ts
w
er
e
at
tr
ib
u
te
d
a
lo
w
es
tG

C
S
sc
or
e
of

3.
b
T
ot
al

vo
lu
m
e
of

hy
p
ot
on

ic
an

d
el
ec
tr
ol
yt
e-
fr
ee

fl
ui
d
s
in
fu
se
d
be

fo
re

D
D
A
V
P
ad

m
in
is
tr
at
io
n.

c T
he

m
ax

im
al

m
ag

ni
tu
d
e
of

PN
a
va

ri
at
io
n
(D
PN

a
pr
e-
D
D
A
V
P)

w
as

ca
lc
ul
at
ed

as
th
e
d
if
fe
re
nc

e
be

tw
ee
n
th
e
m
ax

im
um

an
d
PN

a i
.

d
T
he

PN
a
co
rr
ec
ti
on

ra
te

be
fo
re

D
D
A
V
P
ad

m
in
is
tr
at
io
n
w
as

d
et
er
m
in
ed

as
th
e
d
if
fe
re
nc

e
be

tw
ee
n
th
e
la
st
re
co
rd
ed

PN
a
be

fo
re

D
D
A
V
P
,a
nd

PN
a i
,w

it
h
re
sp

ec
tt
o
th
e
ti
m
e
el
ap

se
d
d
ur
in
g
th
is

pe
ri
od

.
e S
um

of
ur
in
e
so
d
iu
m

(U
N
a)
an

d
po

ta
ss
iu
m

(U
K
)l
ev

el
s
on

sa
m
pl
in
g
be

fo
re

D
D
A
V
P
ad

m
in
is
tr
at
io
n.

f U
ri
ne

os
m
ol
ar
it
y
(U

o
sm
)d

et
er
m
in
ed

be
fo
re

D
D
A
V
P
ad

m
in
is
tr
at
io
n,

ca
lc
ul
at
ed

as
fo
llo

w
s:
U

o
sm
=
23

(U
N
a+
U

K
)+
U

u
re
a,
w
he

re
U

u
re
a
re
p
re
se
nt
s
ur
in
ar
y
ur
ea

ni
tr
og

en
.

Clin J Am Soc Nephrol 9: 229–237, February, 2014 Hyponatremia Overcorrection by DDAVP, Rafat et al. 231



disorders affected nine patients, with psychosis in seven
patients, severe depression in one patient, and postanoxic
motor deficiency in one patient. The median lowest PNa
recorded during the study period was 109 mmol/L (IQR,
107, 116.8). For all patients, the lowest PNa level coincided
with PNai. Causative factors for hyponatremia and
clinical and biologic data on admission are depicted in
Table 1.

Variables Associated with Hyponatremia Correction and
Management
Urine osmolarity and output were readily available in

14 and 11 patients, respectively. Three patients received
hypertonic saline infusion (NaCl 3%) owing to the prior
occurrence of seizures in two patients and profound
hyponatremia in another patient (98 mmol/L). In addi-
tion, two patients were given loop diuretics because of
concurrent fluid overload in one patient and as an adjuvant

measure to raise PNa in another. An oral fluid restriction
protocol was implemented for every patient. The median
infusion rates of hypotonic and electrolyte-free fluids were
83 ml/h (IQR, 33, 131) and 65 ml/h (33, 117.5) before
DDAVP compared with 21.5 ml/h (10.5, 81) and 16.5 ml/h
(8, 78.5) after DDAVP (P=0.01 and P=0.01, respectively).
The median time elapsed between PNai and the first

administration of DDAVP was 13 hours (IQR, 5.3, 23)
and exceeded 24 hours in four instances. Repeated admin-
istration of DDAVP was deemed necessary in 12 of 20
patients. The median latency between two DDAVP admin-
istrations was 25.5 hours (IQR, 19.3, 51). The unit dosage
ranged between 2 and 4 mg per administration. Up to four
administrations were given in one patient and the median
dose of DDAVP per patient amounted to 7 mg (IQR, 2, 8).
All patients received DDAVP intravenously. One patient
received an additional single 10-mg dose via an intranasal
spray.

Figure 1. | Effects of DDAVP administration on PNa kinetics and urine composition and output. (A) PNa correction rate before and after
DDVAPadministration (n=20). (B) Urine osmolarity before and after DDVAPadministration (n=14). (C) Urine output before and after DDVAP
(n=11). The box plots indicate median, interquartile ranges (25th and 75th percentiles), andminimum andmaximum values. Details regarding
the methodology of PNa kinetics and urine osmolarity calculation are provided in the Supplemental Material. DDAVP, desmopressin arginine
vasopressin; PNa, plasma sodium concentration.
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The median D24 and D48 amounted to 10 mmol/L (IQR,
8, 12) and 11.5 mmol/L (IQR, 7, 16), respectively. The 24-hour
upper limit of 12 mmol/L was overstepped in four pa-
tients, whereas all patients displayed plasma sodium in-
creases within the 48-hour target limit of 18 mmol/L.
Among the four patients whose PNa level exceeded the
preset 24-hour limit, two received their first DDAVP dose
at a late stage, .23 hours after PNai. Before DDAVP ad-
ministration, the median urine output and PNa correction
rate were 650 ml/h (IQR, 214, 1200) and 0.81 mmol/L per
hour (IQR, 0.46, 1.48), respectively. During the 24 hours after
the first DDAVP administration, the urine output decreased
significantly to 93.5 ml/h (IQR, 43, 143) (P=0.003), whereas
the PNa correction rate was close to nil at 20.02 mmol/L per
hour (IQR, 20.16, 0.22) (P,0.001 compared with the prether-
apeutic rate) (Figure 1, A and C). At the same time, urine
osmolarity levels rose from 86 mmol/L (IQR, 66, 180) to 209
mmol/L (IQR, 149, 318) (P=0.002) (Figure 1B). In addition,
the PNa correction rate was estimated with a linear mixed-
effects model. Accordingly, the mean slope of PNa correction
was significantly decreased after DDAVP (0.1560.04 mmol/L
per hour versus 0.5860.12 mmol/L per hour before; P,0.001)
(Figure 2). As a result, the maximal magnitude of PNa var-
iation after DDAVP assessed by the median DPNa post-
DDAVP (5 mmol/L; IQR, 4, 6.75) was lower than the
maximal magnitude of PNa variation before DDAVP as-
sessed by the median DPNa pre-DDAVP (11.5 mmol/L;
IQR, 8.25, 14.5; P,0.001) (Tables 1 and 2).

Safety Issues Regarding DDAVP Treatment
No cases of seizures were recorded after admission in

our institution or after DDAVP administration, despite a

significant decrease in PNa (5.162.6 mmol/L; P,0.001)
(Figure 2). PNa relowering occurred in 11 patients. It was
purposely sought for in eight cases because the 24-hour PNa
mark had been overstepped (Tables 1 and 2, patients 14, 15,
and 17) or was very close to being so (patients 4, 5, 16, 18,
and 19), whereas PNa stabilization was the preset goal but in
fact this translated in a PNa decrease in the remaining three
patients (patients 3, 7, and 13). Details regarding the magni-
tude, timing, and duration of relowering are presented in
Table 3.

Follow-Up Neurologic and Clinical Assessment
Only one death was recorded as a consequence of

intercurrent rupture of mitral valve chordae and was not
connected to hyponatremia. Upon hospital discharge or on
follow-up assessment, 17 patients had either a normal
neurologic examination or regained their baseline status.
Two patients were lost to follow-up. One patient developed
mild symptoms suggestive of CPM which were confirmed
on brain magnetic resonance imaging. Relevant details
regarding this patient (identified as patient 8) are given in
Tables 1 and 2.

Discussion
Herein, our experience using DDAVP as a means to

curtail PNa overcorrection in patients admitted for severe
hyponatremia provides evidence for its usefulness in this
setting for the following reasons. First, it was effective,
which means that DDAVP almost stopped the excessive
rise of PNa. Second, DDAVP did not induce PNa fluctua-
tions of excessive magnitude. In fact, quite oppositely, it
tended to mitigate the variations of PNa in this context.
As a matter of fact, the lowering of PNa was never
excessive and no patient experienced seizures during
treatment. Compared with the only two series of DDAVP
administration during the correction of hyponatremia
(17,18), ours was conducted in the ICU and provides cru-
cial data regarding urine output and osmolarity variations
subsequent to DDAVP administration, and analyzes pre-
cisely the effects of DDAVP on the PNa correction rate.
Indeed, the significant fall in urine output and concurrent
rise in urine osmolarity, observed shortly after DDAVP
administration, strongly suggest that the observed effect
on PNa is ascribable to this treatment, even more so be-
cause only mild to moderate volumes of hypotonic fluids
were infused. Finally, we also achieved a more stringent
control of PNa variations at 48 hours.
Strikingly, one single patient, whose hyponatremia was

ascribable to carbamazepine therapy and potomania, de-
veloped CPM although the rise of PNa was apparently
controlled and within predefined limits. His PNa increased
10 and 16 mmol/L during the first 24 hours and 48 hours,
respectively. His PNa correction rate never exceeded 0.73
mmol/L per hour and he did not present an increase of
.11 and 16 mmol/L during any given 24- or 48-hour pe-
riod, respectively (Supplemental Figure 3). On the basis
of a close analysis of existing data, PNa variation thresh-
olds were recently revised and the 24- and 48-hour limits
of 12 and 18 mmol/L may be too “liberal” (8).
Accordingly, a case of CPM has been substantiated with
an increase of PNa as little as 10 mmol/L (21), a result that

Figure 2. | Rates of plasma sodium concentration increase before
and after DDAVP administration. The slope of PNa was significantly
reduced from 0.5860.12 mmol/L per hour to 0.1560.043 mmol/L
per hour (P,0.001) after DDAVP administration. Details regarding
the methodology of the calculation of the slope of the PNa, as de-
termined by the mixed-effect linear model, are given in the Supple-
mental Material.
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is comparable with our case. An even smaller rise of PNa
(6 mmol/L during the first 24 hours) could represent a
reasonable goal, provided that the patient’s neurologic
condition has sufficiently improved (22). Indeed, the in-
crease of PNa per se is far from being the sole determinant
of CPM and other factors such as malnutrition, liver dis-
ease, alcohol abuse, and hypokalemia increase the risk of
osmotic demyelination (8,9,23–25). The patient consis-
tently had a past history of alcoholism and his plasma
potassium level was 2.9 mmol/L upon admission. There-
fore, setting PNa goals in the context of severe hyponatre-
mia is by no means a “one size fits all” situation and
should be tailored depending on individual risk factors
(26). Timing is an essential aspect of management of pa-
tients with profound hyponatremia, especially when con-
templating DDAVP therapy. In this study, four patients
exceeded the upper limit for PNa increase (12 mmol/L),
two of which were prescribed DDAVP .23 hours after
hyponatremia was first substantiated. All of these patients
were referred late to our institution. In addition, 12 pa-
tients required multiple administrations of DDAVP and
1 patient required up to four administrations. The median
time interval was close to 24 hours, but the latency be-
tween two injections varied considerably from one patient
to another. This calls for several remarks. First, the reemer-
gence of a water diuresis phenomenon, as the effects of
DDAVP gradually wore off, was the prime reason for re-
peated administrations. Second, there is a dearth of data
regarding the pharmacokinetics of DDAVP in this specific
setting. Twice-daily subcutaneous injections have been ad-
vocated in patients with central diabetes insipidus, but
whether this regimen is applicable to adult patients in in-
tensive care remains to be proven. Third, patients may not
uniformly respond to DDAVP (27).
A note of caution is warranted. When combining hypo-

tonic fluids and DDAVP, a swift and sometimes unex-
pected drop in PNa may be observed when large volumes
of hypotonic fluids are administered. In line with this
notion, a significant decrease of 5.162.6 mmol/L was
noted after the first DDAVP administration and PNa re-
lowering was observed in 11 patients. However, none of
the patients suffered seizures as a consequence of the acute
decrease in PNa; in eight patients, a significant reduction
in PNa was deliberately sought because of patent (or im-
pending) overcorrection, in the hope of preventing osmotic
demyelination. In the three remaining patients, PNa stabi-
lization was the predefined aim and PNa relowering was
accidental, albeit of mild magnitude. Moreover, DDAVP
therapy may offset the need for infusion of large volumes
of fluids, thereby relieving caregivers of a cumbersome and
sometimes inefficient task. In fact, the volume of electrolyte-
free and hypotonic fluids administered after DDAVP was
significantly reduced. There are several limitations to this
study, inherent to its retrospective nature and small sam-
ple size. Importantly, our study was not designed to ad-
dress the intricate problems of CPM. In addition, the lack
of control patients further hampers the generalization of
these results. This study was based on chart review. Thus,
urine output and osmolarity values were missing in a
few patients and there was some variability in the timing
of urine and plasma collection for the determination of
urine osmolarity and PNa. In addition, DDAVP dosage

and administration interval were neither predefined nor
standardized.
Treatment of profound and symptomatic hyponatremia

remains a daunting challenge (1). Our study shows that
DDAVP is effective in curbing the increase in PNa in pa-
tients admitted to the ICU for severe hyponatremia.
Until more is known about DDAVP pharmacokinetics,

DDAVP dosing schedules and dosages may be adjusted
according to the course of urine output, PNa, and urine
osmolarity, as long as a scrupulous monitoring and repeat
sampling are undertaken.
Finally, the results shown herein, together with previous

evidence (17,18), require a multicenter randomized trial to
ascertain the usefulness of DDAVP with respect to PNa
control and whether this will translate into a diminished
risk of CPM.
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