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Background: The association of hyponatremia with vasopressin therapy in children is controversial. We
aimed to evaluate the incidence and severity of hyponatremia associated with the administration of vaso-
pressin in critically ill pediatric patients.

Methods: This retrospective cross-sectional study included children younger than 14 years who were

admitted to the pediatric or pediatric cardiac intensive care units and received vasopressin for at least
Keywords: 24 h
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Hyponatremia
Pediatrics

Results: In total, 176 critically ill pediatric patients were enrolled, with a median age of 22 days (7.3-
146). The mean sodium level was notably decreased from 143.5 mEq/L £ 7.15 at the baseline to 134.3
Antidiuretic hormone mEq/L + 7.7 at the 72-hour measurement after the initiation of vasopressin and varied significantly at
Pediatric cardiology all intervals from the baseline measurement (P < 0.001). Twenty-four hours after the discontinuation
Shock of vasopressin, more than half of the patients had hyponatremia. The highest proportion had mild
hyponatremia (32.8%), followed by moderate hyponatremia (13.1%), and profound hyponatremia
(7.5%). The incidence of hyponatremia was independent of gender (P = 0.94) or age group (P = 0.087).
However, more than two-thirds of the moderate-profound cases and more than one-third of mild cases
were observed in the neonate group (P = 0.043). The vasopressin dose did not affect the incidence
(P=0.25) or the severity of the hyponatremia (P = 0.56). Notably, all laboratory and hemodynamic param-
eters varied significantly at the end of therapy, compared to the baseline.
Conclusions: Continuous monitoring for hyponatremia when children are placed on vasopressin is essen-
tial to protect against more severe complications.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Vasopressin is an antidiuretic hormone analog, frequently used
to improve blood pressure in hemodynamically unstable children
(Lechner et al.,, 2007; Mastropietro et al., 2008; Jerath et al.,
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2008; Mastropietro et al.,, 2010; Alten et al.,, 2012; Demiselle
et al., 2020). Current guidelines recommend vasopressin as second
line treatment if norepinephrine failed to maintain the mean blood
pressure (MAP) goal or as an adjuvant therapy to decrease the dos-
ing requirement of norepinephrine in patients with vasoplegic
shock (Rhodes et al., 2017). Vasopressin improves the blood pres-
sure through the activation of the V1 receptors, which results in
an increased systemic vascular resistance and mean arterial blood
pressure (JapundZi¢-Zigon et al., 2020). With lower doses, it stim-
ulates the V2 receptors causing an antidiuretic effect (Product
Information, 2014). Vasopressin has a procoagulant property that
is mediated by the stimulation of the V1a receptors, leading to pla-
telet aggregation, and the V2 receptors leading to the release of
coagulation factors (Demiselle et al., 2020). It is noteworthy that
vasopressin administration may induce hyponatremia through a
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non-defined mechanism of action. A possible explanation of this
phenomenon is through free water retention precipitated by the
stimulation of the V2 receptors in the kidneys (Davalos et al.,
2013). It is worth mentioning that hospital-acquired hyponatremia
occurs in 17% to 45% of hospitalized children (Choong et al., 2011).
Critically ill children with certain comorbidities, such as a congen-
ital heart defect, are at an increased risk for neurodevelopmental
abnormality, mandating the close monitoring of hyponatremia
during hospitalization (Massaro et al., 2008; Donofrio and
Massaro, 2010).

Limited literature describes the occurrence of hyponatremia
after the administration of vasopressin therapy in pediatric
patients post-cardiac surgery. Davalos et al. reported that the inci-
dence of hyponatremia in pediatric patients, who received a vaso-
pressin infusion, for hemodynamic instability following complex
cardiac surgery, occurred in nearly half of the patients (Davalos
et al., 2013). Another study reported lower serum sodium concen-
trations in the first 48 h in neonates with complex heart disease
who received vasopressin, compared to the group without the
medication (Alten et al., 2012). Some studies that evaluated the
use of vasopressin in adult and pediatric patients with vasodilatory
shock did not report any increase in the incidence of hyponatremia
associated with the vasopressin therapy (Obritsch et al., 2004;
Russell et al, 2008; Choong et al., 2009). The incidence of hypona-
tremia has been described in many studies where vasopressin was
used in non-cardiac patients. A randomized trial, examining the
use of low-dose vasopressin (0.005 units/kg/min) in non-septic
critically ill children, observed that the low-dose vasopressin infu-
sion was associated with a high incidence of hyponatremia
(Baldasso et al., 2009). In addition, a higher rate of hyponatremia
was observed following the administration of a high vasopressin
dose (0.4 units/min) for the treatment of patients with acute vari-
ceal hemorrhage (Kravetz et al., 1984).

Overall, the association of hyponatremia with vasopressin ther-
apy in children is controversial. The current study aimed to evalu-
ate and describe the incidence and severity of hyponatremia
associated with the administration of vasopressin infusion in crit-
ically ill pediatric patients.

2. Methods
2.1. Design and settings

This was a retrospective cross-sectional study, approved by
King Abdullah International Medical Research Center (KAIMRC),
to evaluate the incidence and severity of hyponatremia associated
with the administration of vasopressin in pediatric patients in
intensive care units (ICU). The study was conducted at King Abdu-
laziz Medical City, Riyadh (KAMC-R) and it included patients
admitted to the pediatric intensive care units (PICU) or pediatric
cardiac intensive care unit (PCICU). Vasopressin was used in doses
ranging from 0.0003 to 0.001 units/kg/hour to maintain the mean
blood pressure for hemodynamically unstable children.

2.2. Participants

All children who received vasopressin therapy from December
2016 to December 2020, at the PICU or PCICU were screened for
eligibility. Children younger than 14 years who received vaso-
pressin for at least 24 h were included in the analysis. Patients
who received vasopressin for <24 h were excluded.
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2.3. Outcome measures

The hospital’s health electronic system was the primary source
for data collection. Baseline characteristics for all the eligible
patients were collected, including age, weight, height, gender,
patient type (surgical cardiac, non-surgical cardiac medical, or
non-cardiac patient), cardiopulmonary bypass (CPB) exposure,
ICU length of stay (LOS), and concomitant medications. In addition,
the laboratory results including serum lactate, renal function tests
(serum creatinine, BUN), platelet count, INR, liver function tests
(Bilirubin, AST, ALT), and relevant hemodynamic parameters (i.e.,
mean arterial pressure (MAP), BP, HR) and urine output (UO), were
documented at baseline and after vasopressin initiation. The
sodium levels were also recorded at baseline, and every 12 h for
three days. The vasopressin therapy variables included the initial
dose, dosage changes, and duration of therapy. The type of fluid
therapy for hyponatremia, if available, was also documented.

The primary outcome of the study was the incidence and sever-
ity of hyponatremia associated with vasopressin and the change in
the serum sodium levels from baseline and 12-hour intervals
(12hrs, 24hrs, 36hrs, 48hrs, 60hrs, and 72hrs) and 24 h after dis-
continuation of the vasopressin infusion. Hyponatremia was classi-
fied based on the European and American definitions of
hyponatremia as mild (135 to 130 mEq/L), moderate (129 to
125 mEq/L), or profound (<125 mEq/L) (Spasovski et al., 2014;
Verbalis et al., 2013). The secondary outcomes included the associ-
ation of the incidence or the severity of the hyponatremia with the
vasopressin dose, and the effect of vasopressin use on other labo-
ratory parameters and the severity of the vasopressin-associated
hyponatremia that necessitated treatment.

2.4. Sample size calculation

According to a study conducted by Davalos et al., hyponatremia
occurred in nearly 48% of children recovering from cardiothoracic
surgery after the initiation of arginine vasopressin therapy
(Davalos et al., 2013). During the past four years, 267 children
received vasopressin based on the hospital’s records. Using Open-
Epi, the minimum required sample size was 174 with a 5% signif-
icance level and a 10% correction factor.

2.5. Statistical analysis

The data were analyzed with SPSS version 25.0. The qualitative
data are presented as frequency and percentage, and the quantita-
tive data as mean * SD or as median (IQR). A Chi-square test or
Fisher’s exact test were used to determine the correlation between
the nominal variables, and the Mann-Whitney’s test for the rela-
tionship between the nominal and ordinal variables. A Wilcoxon
test was used to track the change of a quantitative variable over
different measurements. The Spearman test was used to analyze
the change of the severity of hyponatremia with dose changes,
and an Independent-t-test to describe the effect of the latter on
the incidence of hyponatremia.

3. Results
3.1. Sample characteristics

The baseline characteristics of the sample are presented in
Table 1. In total, 176 pediatric patients were enrolled with a med-
ian age of 22 days (7.3-146). The majority was neonates (54.3%,
n = 95), followed by infants (30.9%, n = 54) and male (60.2%,
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Table 1
Baseline Data (N = 176); N (%) unless otherwise stated.
Demographic Category Frequency
(%)
Age (days) Median (IQR) 22 (7.3-146)
Age category Neonates < 1 month 95 (54.3)
Infants (1-12 months) 55 (31)
Young Child (1 - 6 years) 19 (10.9)
0ld child (7-14 years) 7 (4)
Gender Female 70 (39.8)
Male 106 (60.2)
Weight (kg) Median (IQR) 3(2.5-5.4)
Height (cm) Mean * SD 55.8 + 22.96
Median (IQR) 50 (46-60)
Type of patient Surgical cardiac 117 (66.5)
Non-surgical cardiac 15 (8.5)
“medical”
Non cardiac patient 44 (25)
Cardiopulmonary bypass Non-exposed 62 (35.2)
(CPB) Exposed 114 (64.8)
Baseline Clinical data
Concomitant medications Furosemide IV intermittent 29 (16.5)
Furosemide continuous 103 (58.5)
infusion
Bumetanide 2(1.1)
Milrinone 100 (56.8)
Norepinephrine 31(17.6)
Epinephrine 130 (73.9)
Dopamine 36 (20.5)
Nitroprusside 23 (13.1)
Beta blocker 2 (1.1)
Steroids 39 (22.2)
ACEI 1(0.6)
ICU Length of stay (LOS) Mean * SD 38.9+325
(days) Median (IQR) 30(17-
49.25)

n = 106). Most of the sample (66.5%, n = 117), had cardiac surgery.
Of the cardiac surgery group, 114 (64.8%) received cardiopul-
monary bypass (CPB) surgery. Concomitant with the vasopressin
therapy, the majority (73.9%, n = 130), received epinephrine, furo-
semide continuous infusion (58.5%, n = 103), or milrinone (56.8%,
n 100). Dopamine, norepinephrine, and nitroprusside were
received by 36 (20.5%), 31 (17.6%), and 23 (13.1%) patients
respectively.

3.2. Primary outcomes

The change in the serum sodium levels from baseline, the 12-
hour intervals and after the discontinuation of the infusion is pre-
sented in Table 2. Over the 72 h following vasopressin initiation,

Table 2
The change in serum sodium levels from baseline at 12-hour intervals and after
discontinuation of the infusion.

Sodium level (mEq/L): Mean = SD p-value
Baseline (n = 176) 143.5 £7.15 Reference
After initiation of the infusion 12hrs (n=163) 142.09 +7.8 <0.001°
24hrs (n = 140) 1405+75  <0.001°
36hrs (n =130) 137.76 + 7.4 <0.001°
48hrs (n=77) 1359+84  <0.001°
60hrs (n=77) 135.16+7.6 <0.001*
72hrs (n = 48) 1343 £7.7 <0.001*
24 h after discontinuation of the infusion 13523 +7.3 <0.001%

(n = 174)

2 . Wilcoxon’s test.
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the mean sodium level decreased from 143.5 mEq/L £ 7.15 at base-
line to 134.3 mEq/L + 7.7 at the 72-hours measurement and varied
at all the intervals from the baseline (P < 0.001). The sodium level
increased slightly 24 h after the discontinuation of the infusion;
however, it was significantly different from the baseline level
(P <0.001).

The incidence and severity of hyponatremia are reported in
Table 3. The incidence of hyponatremia increased from 32
(22.9%) 24 h after the infusion initiation to 38 (49.4%) after 48 h.
The mild hyponatremia cases increased from 22 (15.7%) to 25
(32.5%), moderate hyponatremia from 5 (3.6%) to 6 (7.8%), and pro-
found hyponatremia was observed in 7 (9.1%) patients 48 h after
vasopressin initiation, compared to 5 (3.6%) after 24 h of receiving
the infusion. Twenty-four hours after discontinuing the vaso-
pressin, more than half of the patients still had hyponatremia.
The majority of this group had mild hyponatremia 57 (32.8%), fol-
lowed by moderate hyponatremia 23 (13.1%), and profound
hyponatremia, 13 (7.5%).

3.3. Secondary outcomes

The relationship between the incidence or severity of the
hyponatremia and the demographic and clinical variables is docu-
mented in Table 4. No significant association was observed
between the vasopressin dose and the incidence of hyponatremia
(P =0.25) or the severity (P = 0.56). The incidence of hyponatremia
was also independent of gender (P = 0.94) or age group (P = 0.087).
However, more than two-thirds of the moderate-profound cases
and more than one-third of the mild cases were observed in the
neonates (P = 0.043). Most of the cases observed in the neonates
were mild (P = 0.022), but the severity of the hyponatremia did
not differ in the other age groups. The surgical-cardiac patients
experienced more hyponatremia, (60%, n = 57) (P = 0.049), com-
pared with 30 (31.6%) in the non-cardiac patients (P = 0.029). Nota-
bly, the majority (69.2%, n = 9) of the profound hyponatremia cases
were non-cardiac, with the mild cases occurring mainly in the sur-
gical cardiac patients (73.7%, n = 42). More than half of the hypona-
tremic group (57.9%, n = 55) had CPB surgery (P = 0.039). Most of
the moderate-profound cases occurred in patients who did not
receive CPB, with three-quarters of the mild cases occurring in
the CPB group (P < 0.001).

Table 5 displays the impact of the vasopressin dose on the lab-
oratory and hemodynamic parameters. Notably, all the laboratory
and hemodynamic parameters varied significantly at the end of
therapy, compared to the baseline measurements. The INR, platelet
count, and heart rate were decreased (P < 0.001); however, the
serum lactate, MAP, as well as the liver and kidney function tests
were significantly increased.

Lastly, the need for hyponatremia treatment or the type of fluid
used did not differ based on the severity of the hyponatremia

Table 3
The Incidence/severity of hyponatremia associated with vasopressin: Frequency (%).
Hyponatremia After vasopressin initiation 24 h post-
24h 48h E;eft;‘;in)t
(n = 140) (n=177) B
Normal sodium level 108 (77.1) 39 (50.6) 81 (46.6)
Mild - from 135 to 130 mEq/L 22 (15.7) 25 (32.5) 57 (32.8)
Moderate - from 129 to 5(3.6) 6(7.8) 23 (13.1)
125 mEq/L
Profound - <125 mEq/L 5(3.6) 7 (9.1) 13 (7.5)
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Table 4
The association between the incidence or severity of hyponatremia and the patients’ demographic and clinical variables; N(%) unless otherwise stated.
Hypo- p-value Mild Moderate Profound p-value
natremia (n = 95) hyponatremia hyponatremia hyponatremia
(n=57) (n=23) (n=13)
Vasopressin dose mean * SD 0.0006 + 0.0004 0.25° 0.0007 + 0.0003 0.0005 + 0.0005 0.0006 = 0.0005 0.56
(units/Kg/hour)
Gender Males (n = 106) 57 (60) 0.94 33(57.9) 17 (73.9) 6 (46.2) 0.39
Females (n = 70) 38 (40) 24 (42.1) 6 (26) 7 (53.8)
Age groups Neonates (n = 94) 48 (50.5) 0.27 22 (38.6) 16 (69.6) 9 (69.2) 0.022
Infants (n = 55) 34 (35.8) 0.12 25 (43.9) 6 (26) 3(23.1) 0.413¢
Young Child (n = 18) 9(9.5) 0.52 8 (14) 0 0 0.12¢
0ld child (n = 7) 4(4.2) 0.59" 2 (3.5) 1(4.3) 1(7.7) 0.7
Type of patient n (%) Surgical cardiac (n = 115) 57 (60) 0.049 42 (73.7) 9(39) 4 (30.8) 0.001¢
non-surgical cardiac 8 (8.4) 0.95 5(8.7) 3(13) 0 0.88¢
“medical” (n = 15)
Non- cardiac patient (n = 44) 30(31.6) 0.029 10 (17.5) 11 (47.8) 9 (69.2) 0.68¢
Cardiopulmonary Non exposed (n = 62) 40 (42.1) 0.039 14 (24.6) 15 (65.2) 11 (84.6) <0.001
bypass (CPB) exposure Exposed (n = 114) 55 (57.9) 43 (75.4) 8 (34.8) 2(154)

2 Independent student-t-test.
b Fisher’s exact test.
¢ Mann Whitney's test.

Table 5
The association between the incidence or severity of hyponatremia and the patients’ demographic and clinical variables; N(%) unless otherwise stated.
Hypo-natremia p-value  Mild hyponatremia  Moderate Profound p-value
(n=95) (n=57) hyponatremia hyponatremia
(n=23) (n=13)
Vasopressin dose mean + SD 0.0006 + 0.0004 0.25° 0.0007 + 0.0003 0.0005 + 0.0005  0.0006 + 0.0005  0.56
(units/Kg/hour)
Gender Males (n = 106) 57 (60) 0.94 33 (57.9) 17 (73.9) 6 (46.2) 0.39
Females (n = 70) 38 (40) 24 (42.1) 6 (26) 7 (53.8)
Age groups Neonates (n = 94) 48 (50.5) 0.27 22 (38.6) 16 (69.6) 9(69.2) 0.022
Infants (n = 55) 34 (35.8) 0.12 25 (43.9) 6 (26) 3(23.1) 0.413°¢
Young Child (n = 18) 9 (9.5) 0.52 8 (14) 0 0 0.12¢
0ld child (n = 7) 4(4.2) 0.59" 2(3.5) 1(4.3) 1(7.7) 0.7¢
Type of patient n (%) Surgical cardiac (n = 115) 57 (60) 0.049 42 (73.7) 9(39) 4 (30.8) 0.001°¢
non-surgical cardiac 8(8.4) 0.95 5(8.7) 3(13) 0 0.88¢
“medical” (n = 15)
non- cardiac patient (n = 44) 30 (31.6) 0.029 10 (17.5) 11 (47.8) 9 (69.2) 0.68°¢
Cardiopulmonary Non exposed (n = 62) 40 (42.1) 0.039 14 (24.6) 15 (65.2) 11 (84.6) <0.001
bypass (CPB) exposure Exposed (n = 114) 55 (57.9) 43 (75.4) 8 (34.8) 2 (15.4)

2 Independent student-t-test.
b Fisher's exact test.
€ Mann Whitney's test.

Table 6

Characteristics of vasopressin-associated hyponatremia that necessitated treatment (n = 161).
Fluid therapy Mild (n = 57) Moderate/profound p-value

(n=104)

Required treatment (n = 143) 48 (84.2) 95 (91.3) 0.169
Type of fluid
0.9% NACL (n = 61) 20 (35.1) 41 (39.4) 0.58°
0.45% NACL (n = 81) 28 (49.1) 53 (50.9) 082 *
0.225% NACL (n=1) 0 1 (0.96) 0.64 *
3% NACL or Albumin 5% or Albumin 20% 0 0 NA

2 :Mann Whitney’s test.

(P = 0.169) (Table 6). The 0.45% and 0.9% NaCl were most fre- imbalance in clinical practice (Bockenhauer and Zieg, 2014).
quently used, and the 3% NaCl and albumin solutions were not Hyponatremia mostly occurs due to increased water retention

used. due to an abnormal or normal antidiuretic hormone (ADH) secre-
tion, rather than sodium wasting (Bockenhauer and Zieg, 2014).

4. Discussion In this study, a decline in the sodium levels occurred directly fol-
lowing the administration of vasopressin in the pediatric patients

Hyponatremia, defined as a decreased serum sodium level treated for a cardiac or non-cardiac indication, similar to literature

below 135 mEq/L’ is the most frequently Occurring e]ectrolyte (Alten et al., 2012; Davalos et al., 2013; Baldasso et al. 2009, Kra-
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vetz et a. 1984). Several factors in this study increased the inci-
dence and severity of the hyponatremia. The baseline mean
sodium level was normal (143.5 mEq/L + 7.15); however, after
the vasopressin initiation, the mean sodium level decreased, and
approximately half of the patients developed hyponatremia
(49.4%) after 48 h and more than half (53.4%) continued to have
hyponatremia 24 h after the treatment discontinuation. Similarly,
hyponatremia was observed in half of the pediatric patients who
received vasopressin infusion due to hemodynamic instability post
complex cardiac surgery, as reported by Davalos et al. (Davalos
et al,, 2013). Alten et al., 2012, reported that, compared to patients
without vasopressin, lower sodium levels were observed in the
neonates with complex heart disease. However, using vasopressin
for vasodilatory shock in adult and pediatric patients did not result
in increased hyponatremia (Obritsch et al., 2004; Choong et al.,
2009).

Currently available clinical data recommend the use of vaso-
pressin as rescue therapy in critically ill children in cases of refrac-
tory shock and cardiac arrest (24). In a review of 51 reports related
to vasopressin by Argawal et al., vasopressin was mostly used for
the different forms of catecholamine-resistant shock, including
septic, post-cardiotomy, other vasodilatory/mixed shock, and car-
diac arrest (Agrawal et al., 2012). The patients enrolled in this
study were primarily surgical-cardiac patients, (66.5%, n = 117),
or prior exposure to CPB surgery (64.8%), and most were neonates
(54.3%, n = 95). This highlights the fact that neonatal kidneys have
a decreased glomerular filtration rate with immature distal
nephrons, compared with other age groups, increasing their sus-
ceptibility to hemodynamic instability requiring the use of vaso-
pressin (Bizzarri et al., 2016), and a greater variability of the
electrolytes from baseline. This supports the finding that more
than two-thirds of the moderate-profound cases occurred in the
neonate group (P = 0.043).

With the vasopressin, the majority of the sample was also
receiving the vasoactive agent with inotropic properties, epinephr-
ine (73.9%) or the inotrope milrinone (56.8%). These agents are pre-
ferred by the current pediatric guidelines in cases of cold shock
that usually predominate in children, in contrast, warm shock
necessitate the use of vasopressor agents (e.g., norepinephrine)
that increase the Systemic Vascular Resistance (SVR). Vasopressin
is recommended when either of these agents fail or as a supple-
mentary agent to decrease the dosing requirements. However, in
the Choong et al. randomized clinical trial, the use of low-dose
vasopressin in pediatric vasodilatory shock, as an adjunctive agent
to vasoactive agents did not provide any added benefit (Choong
et al., 2009). In our study, however, the mean heart rate was signif-
icantly decreased (P < 0.001), and the MAP increased to 58.3 mm
Hg + 10.86 (P < 0.001), highlighting the additive value of this agent.
Notably, the highest proportion of the patients in the current study
developed mild hyponatremia (32.8%) compared to moderate
(13.1%) and profound (7.5%) hyponatremia. The incidence and
severity of the hyponatremia were independent of the vasopressin
dose, P =0.25 and P = 0.56 respectively. In the Baldasso et al., 2009,
randomized trial, even low doses of vasopressin (0.005 units/kg/
min) in critically ill children were associated with a high incidence
of hyponatremia. However, a higher rate of hyponatremia was
observed with higher doses (0.4 units/min) of vasopressin admin-
istered to patients with acute variceal hemorrhage (Kravetz et al.,
1984).

It is worth mentioning that the surgical cardiac (P = 0.049) and
non-cardiac (P = 0.029) patients had an increased incidence of
hyponatremia compared to their counterparts. This may be attrib-
uted to the use of dextrose-containing hypotonic fluids as the
maintenance fluid for pediatric patients post-cardiac surgery and
isotonic fluids for fluid resuscitation that do not greatly affect the
sodium levels (Table 6). An increased risk for hyponatremia has

1111

Saudi Pharmaceutical Journal 30 (2022) 1107-1112

been observed in patients receiving hypotonic intravenous fluids
perioperatively in multiple studies (Choong et al., 2011;
Eulmesekian et al., 2010; Montafiana et al.,, 2008, Yung and
Keeley 2009). Similarly, exposure to CPB surgery predisposed the
patients to hyponatremia (P = 0.039), mainly in the mild category
(P < 0.001). This group has been reported with elevated endoge-
nous vasopressin secretion (Mastropietro et al., 2010).

Even though BUN was significantly increased, it was still within
range. A significant increase in the urinary output was observed at
the end of therapy (P < 0.001), similar to the Davalos et al. clinical
trial (Davalos et al., 2013). It is noteworthy that the vasoconstric-
tive doses of vasopressin can potentially increase urine output
and decrease the serum creatinine, resulting in recovered renal
perfusion and improved kidney function in hemodynamically
unstable patients (Holmes et al., 2003). This supports an investiga-
tion in the true relationship between vasopressin and kidney
function.

The requirement for hyponatremia treatment did not differ
based on the severity of the hyponatremia (P = 0.169). The type
of fluid used to treat hyponatremia did not differ significantly in
terms of the severity of the hyponatremia, because the treatment
varied according to the onset of the action (acute versus chronic).
For acute and symptomatic hyponatremia, NaCl is usually admin-
istered as a repeated 2 mL/kg bolus of 3% NaCl, irrespective of
the etiology of the hyponatremia (Moritz and Ayus 2010). Patients
with hyponatremia do not always have deficient sodium levels,
and administering sodium to hypervolemic hyponatremia, the
hyponatremia may be corrected but it will result in a fluid over-
load. The fluid load is inherently risky in the neonatal period as
it may lead to complications, including a patent ductus arteriosus,
bronchopulmonary dysplasia, and necrotizing enterocolitis
(Bockenhauer and Zieg, 2014). In this regard, 3% NaCl was never
used in this study, with 0.45% and 0.9% NaCl most frequently used.
More than half of the patients (58.5%) were placed on a continuous
furosemide infusion. In addition to their cardiac benefits, the use of
loop diuretics is usually recommended as a supplemental therapy
with saline. Recently, vasopressin receptor Il antagonists (AVPR2)
have been approved for the treatment of patients with
vasopressin-excess-induced hyponatremia (Lemmens-Gruber and
Kamyar, 2006). The safety and efficacy of this indication have not
been tested in neonates, as the concentrating capacity of neonates
is impaired. Due to the ease of control over fluid administration in
the NICU, fluid restriction is usually a sound option.

4.1. Limitations

We are aware of some limitations in our study, we acknowledge
that the initiation, dose upgrading, and drug cessation is generally
guided by an established clinical protocol, which ensure a consis-
tent drug use in all patients, with the preserved clinical judgment
of the attending physician. However, vasopressin, in some cases,
was used out of protocol (early initiation or premature discontinu-
ation) for some critically ill patients who responded abnormally.
This may explain the number of patients excluded due to vaso-
pressin administration for <24 h. Due to the retrospective nature
of this study, with data obtained from a single hospital, it is possi-
ble that missing data or not clearly or incorrectly described is pos-
sible. The change in the vasopressin doses made it unclear which
vasopressin dose caused the observed effect or if it was the accu-
mulated dose. Some concurrently used drugs (loop diuretics,
beta-blockers, corticosteroids, and ACE inhibitors) have the poten-
tial to cause hyponatremia, and others have a high-sodium content
(e.g., meropenem and blood products) which was not accounted
for, possibly confounding the findings. Some important hemody-
namic data (e.g., cardiac output and systemic vascular resistance)
and clinical consequences of hyponatremia were not investigated
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in this study which may be of interest for clinicians when manag-
ing critically ill patients. An appropriate study design which con-
firms the causality association requires a comparator, which is
lacking in our study. A prospective randomized study is required
to provide evidence of the association of hyponatremia with vaso-
pressin administration.

5. Conclusion

The use of vasopressin has been associated with decreased
sodium levels, with an increased risk in cardiac surgery. The vaso-
pressin dose did not significantly affect the incidence or severity of
the hyponatremia. Continuous monitoring, correction of the level
of sodium, and above all, the prevention of this phenomenon is
indispensable to protect pediatric patients against more severe
complications.
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