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Abstract
Vasopressin has been used to augment blood pressure; however, cardiovascular effects after cardiac surgery have not been 
well established. The primary objective of this study was to survey the current literature and quantify the pooled effect of 
vasopressin on hemodynamic parameters in children after pediatric cardiac surgery. A systematic review was conducted to 
identify studies characterizing the hemodynamic effects of vasopressin after pediatric cardiac surgery. Studies were assessed 
and those of satisfactory quality with pre- and post-vasopressin hemodynamics for each patient were included in the final 
analyses. 6 studies with 160 patients were included for endpoints during the first 2 h of infusions. Patients who received 
vasopressin infusion had greater mean, systolic, and diastolic blood pressures and lower heart rates at 2 h after initiation. 8 
studies with 338 patients were included for the effects at 24 h. Patients who received vasopressin infusion had lower central 
venous pressures and decreased lactate concentrations 24 h after initiation. A subset analysis for children with functionally 
univentricular hearts found significant decrease in inotrope score and central venous pressure. A subset analysis for neonates 
found significant decrease in inotrope score and fluid balance. Vasopressin leads to decrease in heart rate and increase in 
blood pressure in the first 2 h of initiation. Later effects include decrease in inotrope score, central venous pressure, fluid 
balance, and in lactate within the first 24 h. Findings vary in neonates and in those with functionally univentricular hearts 
although beneficial effects are noted in both.
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Introduction

Arginine vasopressin is a polypeptide synthetized in the 
hypothalamus and has key functions in sodium regulation, 
kidney function, and blood pressure control. Blood pressure 
effects of vasopressin are mediated by activation of the V 
receptors in the vascular smooth muscle, leading to intracel-
lular calcium release from the endoplasmic reticulum and 
smooth muscle contraction, increased in systemic vascular 
resistance and blood pressure augmentation [1].

Vasopressin has been used for a number of years to aug-
ment blood pressure, particularly after pediatric cardiac sur-
gery [2]. However, the cardiovascular effects of vasopressin 
have not been well established and they remain difficult to 
interpret. For instance, increased afterload secondary to the 
vasoconstrictive effects may impact cardiac performance 
and its effect on coronary vascular tone has not been clearly 
elucidated. Therefore, the primary objective of this study 
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was to determine the effect of vasopressin on hemodynamic 
parameters in children after pediatric cardiac surgery.

Methods

Primary Objective

The primary objective of this study was to characterize the 
effects of vasopressin in pediatric patients after cardiac sur-
gery using previously published data.

Study Identification

Studies of interest were searched for using PubMed, Embase, 
and Cochrane databases. Hand searches of manuscripts ref-
erenced in studies identified by database search were also 
conducted. The following keywords were used in isola-
tion and in various combinations to identify such studies: 
“vasopressin”, “pediatric”, “children”, “cardiac”, “surgery”, 
“postoperative”.

The following inclusion criteria were set for study inclu-
sion: (1) the study must have utilized vasopressin; (2) the 
study must have included only pediatric patients (under 
18 years of age); (3) patients must have been undergone 
cardiac surgery during the admission; (4) the study must 
have included information about the same patients before 
and after vasopressin infusion or included information about 
two groups of patients with one group having received vaso-
pressin and the other not; (5) the studies must have been 
published; (6) studies must have been in English.

The search was conducted for all years included in the 
aforementioned databases and the final search was con-
ducted on June 25, 2020.

Two authors (RL, JF) reviewed the resulting studies using 
the title and abstract. Studies meeting all the aforementioned 
inclusion criteria then had their full-text reviewed by the 
same two authors. Any discrepancies in studies deemed 
appropriate for inclusion were then reviewed by a third 
author (SF) and a consensus reached by discussion.

Quality and Bias Review

Studies deemed to be appropriate for inclusion after full-
text review were then assessed for quality of the methods 
utilized by two authors (SF, EV). Any discrepancies were 
reviewed by a third author (RL) and a consensus reached 
by discussion.

Endpoints

Studies deemed to be appropriate for inclusion after full-
text review, quality, review, and bias review then had all the 

endpoints reviewed to identify endpoints reported by multi-
ple studies. Endpoints with data from three or more studies 
were deemed eligible for data extraction.

The following endpoints were identified for pooled analy-
ses: inotrope score, heart rate (beats per minute), systolic 
blood pressure (mmHg), diastolic blood pressure (mmHg), 
mean arterial pressure (mmHg), central venous pressure 
 (cmH2O), fluid balance (ml/kg), lactate (mmol/l), intensive 
care unit length of stay (days), and mortality).

The endpoints were analyzed at two timepoints: (1) the 
first 2 h after infusion initiation; and (2) 24 h after infusion 
initiation. For the first timepoint, data for either 1 or 2 h after 
infusion initiation were included from studies. If data were 
reported for both the 1- and 2-h mark, then the data collected 
at the 1-h mark were utilized.

Data Extraction

Data were extracted independently by two authors (JT, RL) 
using the same electronic data collection tool that was devel-
oped specifically for this review protocol. No previously 
existing data collection tool or protocol was utilized. The 
extracted data were then reviewed by a third author (SF) to 
identify any discrepancies. Discrepancies were reviewed as 
a group and group consensus achieved. Only data available 
in text form and in the published manuscripts were utilized. 
Authors were not contacted for clarification of published 
data or for unpublished data. Data were not extracted from 
graphs.

Data regarding the studies themselves were collected 
including study design and year of publication. Data regard-
ing characteristics of the included patient cohort were also 
included. Data for the endpoints of interest were also col-
lected. For continuous variables, data were recorded as mean 
and standard deviation. If the data were presented as median 
and range in the source study, it was converted to mean and 
standard deviation. For dichotomous endpoints, data were 
collected as absolute number.

Statistical Analyses

The data extracted for each endpoint were assessed for 
heterogeneity. This was done for each endpoint separately. 
The Q-statistic and I2-statistic was greater than 50%. If the 
Q-statistic and I2-statistic resulted in different assessment 
of heterogeneity, the endpoint was classified as having sig-
nificant heterogeneity. For endpoints without significant het-
erogeneity, pooled analyses were conducted using a fixed 
effects model, while for endpoints with significant hetero-
geneity, pooled analyses were conducted using a random 
effects model. Pooled values are presented as mean differ-
ent and 95% confidence interval using the units previously 
mentioned for each specific endpoint. Subgroup analyses 
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were conducted to assess data for neonates only as well as 
to assess data for children with functionally univentricular 
hearts only.

Pooled analyses were conducted using Comprehensive 
Meta-Analyses Version 3.0. A p-value less than 0.05 was 
considered statistically significant.

Results

Study Characteristics for Data Regarding Effects 
in the First 2 h

A total of six studies with 160 patients were included in 
the pooled analyses for endpoints during the first two hours 
of vasopressin infusion [3–8] (Fig. 1). Average age was 
26.3 months. The average vasopressin infusion dose was 
0.75 milliunits per kilogram per minute and the average 
minimum vasopressin infusion duration was 6.6 h (Table 1).

Publication bias was not significant in any of the included 
studies. Significant heterogeneity was present in the pooled 
analysis for systolic blood pressure.

Table 2 outlines what endpoints were found in each study.

Vasopressin Effects in the First 2 h After Infusion 
Initiation

When all patients were included in the pooled analyses, the 
following significant associations were present in the first 
two hours of vasopressin infusion: decrease in heart rate, 
increase in systolic blood pressure, and increase in diastolic 
blood pressure (Fig. 2; Table 3).

Fig. 1  Study identification methodology

Table 1  Study characteristics

AVP arginine vasopressin

Study year Study type Total n Mean age 
(months)

Mean weight (kg) Mean  AVP1 dose 
(milliunits/kg/min)

Minimum AVP 
infusion duration 
(hours)

Agrawal et al 2012 Before after 12 16.66 6.19 27
Alten et al 2012 Two arm 37 0.42 10
Bigelow et al 2019 Two arm 20 40 14 0.02 24
Burton et al 2011 Before after 28 0.19 3.2 0.5 10
Davalos et al 2013 Two arm 76 5.2 5.5 0.97 6
Iliopoulos et al 2017 Before after 36 2.89 4.46 0.88
Kumar et al 2016 Two arm 62 38.66 13.66 48
Lu et al 2018 Before after 70 51.32 13 0.8 2
Matok et al 2009 Before after 29 30
Mastropietro et al 2008 Before after 3 0.21 3.33 0.5
Nishibe et al 2012 Two arm 34 0.41 2.9 0.55
Rosenzweig et al 1999 Before after 11 28.71 6
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Subset analyses for children with functionally univen-
tricular hearts and neonates both included the same studies 
and thus the results of both subgroups were the same. No 
significant associations were present in the first two hours 
of vasopressin infusion in these subsets (Fig. 3; Table 3).

Study Characteristics for Data Regarding Effects 
24 h After Infusion

A total of eight studies with 338 patients were included 
in the pooled analyses for endpoints 24 h after initiation 
of vasopressin infusion [3, 4, 9–14]. Three studies were 
studies comparing data prior to, and after, vasopressin 
infusion. The remaining five studies compared patients in 
two separate groups, one consisting of those who received 
vasopressin infusion and the other consisting of those who 
did not. Average age was months 19.2 months. The aver-
age vasopressin infusion dose was 0.57 milliunits per kilo-
gram per minute and the average minimum vasopressin 
infusion duration was 22.7 h (Table 1).

Publication bias was not significant in any of the 
included studies. Heterogeneity was present in the pooled 

analyses for inotrope score, heart rate, mean arterial blood 
pressure, and lactate.

Vasopressin Effects 24 h After Infusion Initiation

When all patients were included in the pooled analyses, the 
following significant associations were present 24 h after 
vasopressin infusion initiation: decrease in inotrope score 
and decrease in central venous pressure (Fig. 4; Table 3).

Subset analyses for children with functionally univen-
tricular hearts demonstrated the following significant asso-
ciations being present 24 h after vasopressin infusion initia-
tion: decreased central venous pressure and decreased serum 
lactate concentration (Fig. 5; Table 3).

Subset analyses for neonates demonstrated the following 
significant associations being present 24 h after vasopressin 
infusion initiation: decreased inotrope score and made fluid 
balance more negative (Fig. 6, Tables 3, 4).

Fig. 2  Forest plot demonstrating impact of vasopressin on all patients 
at 1–2 h

Table 3  Results at the first two-hour timepoint

Study N Vasopres-
sin patient 
N

No 
vasopressin 
patient N

Heterogeneity Mean difference or risk ratio 
and 95% confidence interval 
(All patients)

Mean difference or risk ratio 
and 95% confidence interval 
(Functionally univentricular 
only and neonates only. Same 
results for both subsets as 
studies for these two overlap)

Inotrope score 4 54 54 Not significant − 2.29 (− 4.77 to 0.18) − 1.12 (− 3.95 to 1.71)
Heart rate (bpm) 4 103 103 Not significant − 5.19 (− 10.16 to − 0.22)* − 6.37 (− 12.92 to 0.17)
Systolic blood pressure 5 31 31 Significant 8.77 (4.36 to 13.17)* 4.01 (− 0.44 to 8.47)
Diastolic blood pressure 3 109 109 Not significant 4.96 (2.72 to 7.19)* 2.00 (− 1.94 to 5.94)
Lactate 3 28 28 Not significant 0.08 (− 0.62 to 0.79) 0.50 (− 1.54 to 2.54)

Fig. 3  Forest plot demonstrating impact of vasopressin on univen-
tricular and neonates at 1–2 h
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Discussion

These pooled analyses demonstrate the effects of vasopressin 
infusion when used after pediatric cardiac surgery within the 
first two hours of infusion initiation and 24 h after infusion 

initiation. The pooled analyses demonstrated decreased heart 
rate, increased systolic blood pressure, increased diastolic 
blood pressure, and increased in mean arterial blood pres-
sure at two hours. At 24-h vasopressin infusion initiation, 
the pooled analyses demonstrated decreased inotrope score, 
central venous pressure, and fluid balance. Differences of 
effects were noted in subgroup analyses for those with func-
tionally univentricular hearts and neonates only.

These findings are significant as pediatric patients are at 
risk for low cardiac output syndrome after cardiac surgery 
[15]. This can be secondary to systolic dysfunction, arte-
rial vasodilation, or both. Additionally, studies have dem-
onstrated vasopressin deficiency in children after cardiac 
surgery [16]. A variety of medications are utilized to help 
prevent and help manage low cardiac output syndrome. Pre-
ventative medications include milrinone and levosimendan, 
while medications to manage low cardiac output syndrome 
include a variety of vasoactive agents such as dopamine, 
dobutamine, epinephrine, norepinephrine, and vasopressin 
[17, 18].

The various vasoactive agents have varying degrees of 
effect on myocardial function and vasomotor tone. These 
differences can be important in selecting an agent for spe-
cific clinical situations. Dopamine, dobutamine, epineph-
rine, norepinephrine, and milrinone have positive inotropic 
effects while dopamine and norepinephrine can also aug-
ment vasomotor tone. Vasoactive agents such as norepi-
nephrine augment vasomotor tone, with vasopressin having 
no direct impact on inotropy. As such, vasopressin is par-
ticularly appealing in the setting of vasodilation as it does 
not directly impact inotropy, and subsequently, myocardial 
oxygen consumption. Additionally, neurohormonal impacts 
of vasopressin may help reduce the degree of capillary leak 
in the postoperative setting [10, 12]. This can subsequently 
reduce the need for fluid resuscitation, postoperatively.

This current study confirms findings of previous studies 
in which vasopressin was demonstrated to increase blood 
pressure and, interestingly, decrease central venous pressure 
[4, 10, 11]. Known to increase systemic vascular resistance, 
it appears that vasopressin achieves this by both increasing 
mean arterial blood pressure and decreasing central venous 
pressure. Vasopressin may decrease central venous pressure 
by increasing systemic vascular resistance or by making the 
fluid balance more negative. This is merely speculation. 
The current study also demonstrates decreased fluid balance 
associated with vasopressin use [4, 10, 12]. A decrease in 
the inotrope score, or vasoinotrope score, was also noted 
[3, 4, 9–11].

The pooled analyses in the current study also highlight 
the temporal effects of vasopressin infusion. Heart rate and 
blood pressure change initially while inotrope score, cen-
tral venous pressure, fluid balance, and lactate change later. 
The hemodynamic changes highlight that augmentation of 

Fig. 4  Forest plot demonstrating impact of vasopressin on all patients 
at 24 h

Fig. 5  Forest plot demonstrating impact of vasopressin on univen-
tricular at 24 h

Fig. 6  Forest plot demonstrating impact of vasopressin on neonates at 
24 h



Pediatric Cardiology 

1 3

systemic vascular resistance by vasopressin and more nega-
tive fluid balance can help augment systemic oxygen deliv-
ery. These findings are likely not universal to all patients 
but specific to the subset of postoperative patients who have 
a postoperative decrease in systemic vascular resistance. 
Additionally, effects seem to vary in those with function-
ally univentricular hearts and in neonates. Beneficial effects 
were noted in both these subgroups.

Making specific comments on lesion-specific utilization 
of vasopressin is difficult from the current data. A small 
number of patients with varying cardiac lesions were pre-
sent in the studies that were pooled. Nonetheless, there are 
specific patient populations that are worth commenting on. 
There has been increasing interest on the use of vasopressin 
after the Fontan procedure. Preliminary data have demon-
strated decreased chest tube drainage and duration associ-
ated with vasopressin. This is thought to be secondary to 
the effect of vasopressin which leads to increased water 
retention rather than the vasoconstrictor effect of vasopres-
sin. The second lesion of interest is those with functionally 
univentricular physiology who remain to have parallel cir-
culation, such as after the Norwood procedure. As with any 
lesion, the end-goal of any therapy is to maintain or improve 
systemic oxygen delivery. Systemic oxygen delivery in the 
setting of parallel circulation is more intimately linked to the 
balance between the systemic and pulmonary resistances and 
resulting systemic and pulmonary blood flows. This occurs 
because if the total cardiac output remains the same, an 
increase in either systemic or pulmonary blood flow must 

be matched by a decrease in blood flow to the other circuit 
of equal magnitude. Thus, in some circumstances, increas-
ing systemic vascular resistance with an agent such as vaso-
pressin may actually promote more blood flow to the lungs 
which occurs at the expense of systemic blood flow and thus 
systemic oxygen delivery. For those with low pulmonary 
to systemic blood flow ratio, increasing systemic vascular 
resistance may actually increase pulmonary blood flow and 
thus increase the saturation of blood overall, augmenting 
systemic oxygen delivery. The point at which this balance 
must be maintained is patient specific. Thus, as with any 
intervention, it is important to be vigilant of changes occur-
ring after initiating vasopressin to ensure that the intended, 
expected effects are taking place.

This study offers insights by pooling previously published 
results but is not without its limitations. First, the pooled 
analyses are based on study-level data and not on patient-
level data. This does limit the power of subgroup analyses. 
As this is inherent to the nature of meta-analyses, no specific 
actions could be taken to mitigate this. These analyses are 
also impacted by heterogeneity in some of the endpoints. 
The presence of heterogeneity, however, does not negate the 
value of meta-analyses. In fact, properly conducted meta-
analyses can help identify sources of heterogeneity and pro-
vide pooled quantification of effect. A random effects model 
was utilized for pooled analyses for endpoints in which there 
was significant heterogeneity present. Some endpoints may 
remain underpowered. Nonetheless, the pooled results are 
still helpful by providing insight for clinical practice but, 

Table 4  Results at the 24-h timepoint

Study N Vasopres-
sin patient 
N

No 
vasopressin 
patient N

Heterogeneity Mean difference or 
risk ratio and 95% 
confidence interval 
(All patients)

Mean difference or 
risk ratio and 95% 
confidence interval 
(Functionally uni-
ventricular only)

Mean difference or 
risk ratio and 95% 
confidence interval 
(Neonates only)

Inotrope score 4 85 86 Significant − 8.45 (− 15.04 to 
− 1.86)*

− 2.00 (− 6.08 to 
2.08)

− 4.13 (− 7.33 to 
− 0.93)*

Heart rate (bpm) 5 116 127 Significant − 3.23 (− 10.10 to 
3.65)

− 5.00 (− 15.35 to 
5.35)

− 6.70 (− 13.52 to 
0.13)

Mean arterial pres-
sure (mmHg)

4 70 69 Significant 11.38 (− 1.09 to 
23.85)

1.00 (− 0.76 to 2.76) 0.00 (− 4.84 to 4.84)

Central venous pres-
sure  (cmH2O)

4 84 99 Not significant − 0.76 (− 1.34 to 
− 0.17)*

− 0.87 (− 1.55 to 
− 0.19)*

− 1.09 (− 2.21 to 
0.03)

Fluid balance (ml/
kg)

3 78 60 Not significant − 15.47 (− 42.33 to 
11.39)

− 15.47 (− 42.33 to 
11.39)

− 4.80 (− 8.03 to 
− 1.57)*

Lactate (mmol/L) 6 122 147 Significant − 0.89 (− 1.99 to 
0.20)

− 4.10 (− 6.21 to 
− 1.99)*

− 1.12 (− 3.77 to 
1.53)

ICU length of stay 
(days)

4 75 92 Not significant 0.04 (− 1.37 to 1.44) − 0.17 (− 1.65 to 
1.31)

2.48 (− 2.53 to 7.50)

Inpatient mortality 5 115 114 Not significant 1.09 (0.47 to 2.53) – 0.49 (0.10 to 2.49)
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perhaps more importantly, for design of future studies inves-
tigation vasopressin in patients after pediatric cardiac sur-
gery. Future studies should focus on specific congenital heart 
lesions and to detect a statistically significant differences 
with outcomes after initiation of a vasopressin infusion. 
Applying the values from the effect size from the pooled 
analysis presented in the current study, approximately 49 
patients would need to be enrolled to detect a statistically 
significant difference (p < 0.05) with 80% power. This is for 
a paired t-test, thus data for the same patient at baseline 
and then at 24 h. The authors selected to use lactate as the 
endpoint to use for sample size calculation since mainte-
nance of systemic oxygen delivery is the ultimate goal of any 
intervention in the cardiac intensive care unit. Modulation of 
blood pressure, heart rate, intravascular volume, and meta-
bolic oxygen demand are all utilized to optimize systemic 
oxygen delivery. Lactate was the only marker in the pooled 
analyses that could be utilized for assessment of systemic 
oxygen delivery. As such, the pooled data are believed to be 
insightful and additive.

Conclusion

Vasopressin infusion leads to decrease in heart rate and 
increase in blood pressure in the first two hours of initia-
tion in pediatric patients after cardiac surgery. Later effects 
include decrease in inotrope score, decrease in central 
venous pressure, decrease in fluid balance, and decrease in 
lactate within the first 24 h after initiation of vasopressin 
infusion. Findings vary in neonates and in those with func-
tionally univentricular hearts although beneficial effects are 
noted in both.
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