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ABSTRACT

Purpose: Vasoplegia, or vasoplegic shock, is a syndrome whose main characteristic is reducing blood pressure in the presence of a 
standard or high cardiac output. For the treatment, vasopressors are recommended, and the most used is norepinephrine. However, 
new drugs have been evaluated, and conflicting results exist in the literature. Methods: This is a systematic review of the literature with 
meta-analysis, written according to the recommendations of the PRISMA report. The SCOPUS, PubMed, and ScienceDirect databases were 
used to select the scientific articles included in the study. Searches were conducted in December 2022 using the terms “vasopressin,” 
“norepinephrine,” “vasoplegic shock,” “postoperative,” and “surgery.” Meta-analysis was performed using Review Manager (RevMan) 5.4. 
The endpoint associated with the study was efficiency in treating vasoplegic shock and reduced risk of death. Results: In total, 2,090 articles 
were retrieved; after applying the inclusion and exclusion criteria, ten studies were selected to compose the present review. We found no 
significant difference when assessing the outcome mortality comparing vasopressin versus norepinephrine (odds ratio = 1.60; confidence 
interval 0.47–5.50), nor when comparing studies on vasopressin versus placebo. When we analyzed the length of hospital stay compared 
to the use of vasopressin and norepinephrine, we identified a shorter length of hospital stay in cases that used vasopressin; however, the 
meta-analysis did not demonstrate statistical significance. Conclusion: Considering the outcomes included in our study, it is worth noting 
that most studies showed that using vasopressin was safe and can be considered in managing postoperative vasoplegic shock.
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Introduction

Vasoplegic syndrome (VS) is characterized by systemic arterial hypotension associated with standard or increased cardiac 
output and reduced systemic vascular resistance. Increased need for fluids or vasopressors represents the more severe systemic 
inflammatory response syndrome spectrum. The occurrence rate ranges from 5 to 25% in postoperative patients without known 
risk factors. Still, in those with a known predisposition to the syndrome, the prevalence can range from 30 to 50% of cases1. 

In this regard, vasoplegia is present in advanced shock states, including septic, cardiogenic, hemorrhagic, and anaphylactic 
shock2. It presents a complex pathophysiology that involves several mechanisms in vascular smooth muscle cells, such as 
desensitization of receptors coupled to the G protein (adrenoceptors, vasopressin receptor, type 1 angiotensin receptor), 
alteration of second messenger pathways, acute corticosteroid insufficiency and increased production of nitric oxide3–5.

The most common therapeutic approaches for vasoplegia predict the need for changes in treatment, with the application of 
personalized multimodal treatment with the indication of various vasopressors. Although norepinephrine is considered a first-
line therapy for the treatment of vasoplegia, recent guidelines from the Surviving Sepsis Campaign think that the best therapeutic 
management of vascular hyporesponsiveness to vasopressors could be a combination of multiple vasopressors, including 
norepinephrine, and early prescription of vasopressin6. The inclusion of this new approach may be justified by limiting adrenoceptor 
desensitization and sympathetic hyperactivation due to their subsequent deleterious impacts on hemodynamics and inflammation7.
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In postoperative cardiac surgery, the recent Vasopressin versus Norepinephrine in Patients with Vasoplegic Shock after Cardiac 
Surgery, a randomized, controlled, double-blind study, compared vasopressin to norepinephrine in vasoplegic shock after 
cardiac surgery8. This study used vasopressin as the first treatment option for shock, in direct comparison with norepinephrine. 
This study showed that the group randomized to use vasopressin showed reduction in a combined endpoint of mortality and severe 
complications, a decrease in the intensive care unit (ICU) length of stay, and a lower incidence of supraventricular arrhythmias1. 

Although some studies show benefits in using vasopressin, the Surviving Sepsis Campaign 2016 recommendations on 
catecholamine therapy clear norepinephrine as the vasopressor of first choice. Vasopressin, as an additionally administered 
drug, is classified as more tentative. Evidence for the benefit of vasopressin remains low, with reduced incidence of newly 
diagnosed atrial fibrillation and reduced mortality rate. Still, the administration remains safe9. Therefore, we performed a 
systematic review followed by metanalysis to evaluate the efficacy of using vasopressin in treating postoperatively vasoplegic 
syndrome, especially considering the mortality outcome.

Methods

The current meta-analysis was performed according to the recommendations of the PRISMA statement10. It was registered 
in PROSPERO under the number CRD 42020208622. 

Search strategy

We searched for four databases for studies, i.e., PubMed, Embase, Web of Science, and Google Scholar. In addition, we also looked 
for any undergoing trials on clinicaltrials.gov. The keywords searched were “vasopressin,” “norepinephrine,” “Vasoplegic syndrome,” 
and “surgery.” There was no restriction on our search by language. The bibliographic details of all the included studies were searched 
manually for any additional citations. In case of duplication of publication, the analysis with the entire data set was included. 

Eligibility criteria

Inclusion criteria were randomized controlled trials, and observational studies, published from 2012 to 2022, whose 
clinical outcome was using vasopressin compared to norepinephrine or placebo in treating vasoplegic shock. The main 
characteristics of the studies analyzed in the meta-analysis included patients aged 18 years old or older undergoing high-
risk cardiac surgery and postoperative patients of non-cardiac surgeries. We considered as high-risk non-cardiac surgery 
all abdominal, thoracic, and orthopedic surgical procedures with an expected duration greater than 90 minutes and in 
which the patient presented at least one of the following high-risk criteria: age over 65 years old, coronary artery disease, 
severe left ventricular dysfunction (defined as ejection fraction less than 30% by echocardiography), moderate or severe 
heart valve disease, heart failure, chronic obstructive pulmonary disease, chest radiography showing chronic lung disease, 
chronic renal failure (creatinine ≥ 1.5 mg/dL), and diabetes mellitus.

We excluded publications that did not correspond to the research topic; publications that did not present a complete 
text; repeated publications; publications that addressed the issue tangentially to the objective of this study; publications that 
addressed case reports or case series; publications that were not finalized (“preprint”); literature reviews, and those that did 
not meet the previously mentioned inclusion criteria.

Assessment of bias risk

The quality of scientific evidence in the studies covered was classified as high, moderate, low, or very low according to the risk 
of bias in the body of evidence, clarity of comparisons, precision, and consistency in treatment effects. High-quality evidence was 
assigned to well-designed randomized controlled trials with consistent results. The quality of evidence was considered moderate if 1 of 
the four quality of evidence criteria was not met, and low if two or more were not met. A low rate of evidence was assigned to studies 
with inconclusive results. Cochrane Collaboration’s tool was used to check for the quality of studies included in the meta-analysis10.

http://clinicaltrials.gov
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Data synthesis and statistical analysis

For data analysis, a database was built in Microsoft Excel spreadsheet that was later exported to the statistical program 
Minitab 18 (version 18, Minitab, LLC, State College, Pennsylvania, United States of America) (Minitab) and also to OriginPro 9 
(DPR Group, Inc., Northampton, Massachusetts, United States of America) (Moberly, Bernards, Waynant, 2018). 

For the statistical analysis, we extracted the data from the selected original articles obtaining the values of total N, mean, 
standard deviation, 95% confidence interval (95%CI), and percentage (frequency) for all predictors. One-way analysis of variance 
(ANOVA) test was applied, adopting the α level less than 0.05 with a statistically significant difference for the 95%CI. The value 
of R-sq (I2) was analyzed to determine the analyses’ imprecision or heterogeneity. The codes of low association = < 25%, medium 
association 25% < X < 50%, and high association = > 50% were adopted. For dichotomous outcomes, the estimated effect of 
the intervention was expressed as risk ratio (RR) and odds ratio (OR), along with 95%CI. Relevant data were extracted from 
the studies, and the Mantel-Haenszel statistical method was used for data synthesis in the Rev Man 5.4 program.

Results
Literature search

A total of 2,090 articles were obtained in the initial search, 87 studies involving vasopressin and VS. Twenty-six duplicate articles 
were removed, leaving 61 for screening. After screening titles and abstracts, ten full-text articles remained for review (Fig. 1 and Table 1).

Identification of studies via databases and registers

Records identified from MeSH terms:
Databases PubMed = 407

Embase = 622
Web of Science = 11

Google Scholar = 1,050

Records screened = 87
Databases PubMed = 34

Embase = 27
Web of Science = 7

Google Scholar = 19

Reports sought for retrieval = 61
Databases PubMed = 32

Embase = 10
Web of Science = 6

Google Scholar = 11

Reports assessed for eligibility = 21

Studies included in review = 10

Records duplicate excluded = 26
Databases PubMed = 0

Embase = 17
Web of Science = 1

Reports excluded = 40
No evaluation of vasopressin use =13

Not clinical study = 21
Not perioperative = 3

More than 10 years = 3

Reports not retrieved
No evaluation of vasopressin use = 10

Cirurgia não cardíaca = 1
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Figure 1 – PRISMA diagram with the results found in the research.
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Table 1 – Characteristics of the studies selected for the metanalysis.

Authorship 
(year) Type of study Patients 

number Groups Inclusion 
criteria

Exclusion 
criteria

Start of 
intervention

Primary 
outcome

Secondary 
outcome Conclusion

Hajjar et al. 
(2017)3

Randomized 
trial 300 Vasopressine 

(149) Cardiac surgery Aortic surgery, 
transplant

Up to 48 hours 
CPB output Mortality Infection, septic 

shock

First randomized study 
vasopressin as first 

choice

  Norepinephrine 
(151) > 18 years old Preoperative 

vasopressor use
severe 

complications
Arrhythmia-atrial 

fibrillation
Reduced incidence of 
serious complications

  Severe 
hyponatremia In 30 days Length of stay and 

intensive unit care
Shorter length of stay 

and intensive unit care

 
Re-infarction, 

mesenteric 
ischemia

Renal Failure Reduced incidence of 
atrial fibrillation

 
Vasopressin may 
be preferable to 
norepinephrine

Okamoto 
et al. (2015)12

Randomized 
trial 92 Vasopressine 

(47)
Cardiac Surgery 

> 20 years old No intervention Intraoperative Elevation of 
cardiac enzymes Atrial fibrillation Stabilized hemodynamic 

parameters

  Placebo (45)
Serious adverse 

event during 
the surgery

anesthetic 
induction

Vasoplegia during 
surgery

Did not elevate cardiac 
enzymes

  Prophylatic Renal Failure Did not change surgical 
outcome

  length of stay and 
intensive unit care

  Mortality

Jahangirifard 
et al. (2017)13

Randomized 
trial 80 Vasopressine 

(40)
CRV elective 

surgery

Ejection 
fraction > 50 

and < 35%

30 minutes 
before

Intensive unit 
care stay Use of dopamine Reduced required dose 

of dopamine

  Placebo (40)
Renal Failure 

or hepatic 
dysfunction

From the CPB 
exit

Hazard ratio and 
blood pressure 
measurement

Vent duration 
mechanics Decreased heart rate

  Epilepsy Urinary output Did not change length 
of stay

  emergency 
surgery Arrhythmia

Dargah et al. 
(2018)14

Randomized 
trial 120 Vasopressine 

(60) CRV surgery Without RF, 
Creatinine > 1.5 Intraoperative Kidney function

Norepinephrine had 
better result in renal 

function

  Norepinephrine 
(60) with CPB Diabetes Sodium, Potassium, Urea 

and Creatinine levels 
showed no difference

  > 30 years old Arterial 
hypertension

Verma et al. 
(2022)15

Randomized 
trial 60 Vasopressine 

(30) CRV surgery Ejection 
fraction < 30%

After 
anesthetic 
induction

Hemodynamic 
monitoring Adverse effects Prophylactic low-dose 

infusion is safe

  Placebo (30) without CPB Emergency 
surgery

Cardiac enzyme 
elevation

Cardio and 
nephroprotective

 
Age between 

30 and 70 years 
old

Other surgeries Kidney function
Better hemodynamic 
profile and less blood 

loss

 
Diabetes 

mellitus, failure 
liver and renal

Decreased need for 
ionotropic drug

Elgebaly 
and Sabry 
(2012)16

Randomized 
trial 20 Vasopressine 

(10) CRV surgery ejection 
fraction < 30%

10 minutes 
before

Hemodynamic 
monitoring

Length of stay and 
intensive unit care

Prophylactic low-dose 
infusion

Continue...
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Authorship 
(year) Type of study Patients 

number Groups Inclusion 
criteria

Exclusion 
criteria

Start of 
intervention

Primary 
outcome

Secondary 
outcome Conclusion

  Placebo (10)

ejection 
fraction 

between 35 and 
50%

Presence of 
prior shock From the CPB 

exit
Reduce dose of 
catecholamines

 
Dysfunction 

hepatic, adrenal 
and renal

Holds up to 
60 minutes

Prevents incidence of 
vasoplegic shock

  Carotic stenosis from the CPB 
exit

Decreased CPB side 
effects

Eissa 
(2014)17

Randomized 
trial 60 ACEi + Placebo 

(20)
CRV elective 

surgery

Valvopathy or 
congestive heart 

failure

20 minutes 
before start

Hemodynamic 
monitoring

Duration 
Ventilation 
mechanics

Use of vasopressin is 
more beneficial than 

norepinephrine

 
ACEi + 

Norepinephrine 
(20)

With CPB

Dysfunction 
left ventricle 
moderate or 

severe

of the CPB Length of stay and 
intensive care unit

Low-dose vasopressin 
preventive vasoplegic 

shock

 
ACEi + 

Vasopressine 
(20)

ACEi use 
(lisinopril) Prior shock Need for 

transfusion

Decreased time on 
Ventilation mechanics 
and intensive care unit 

stay

  Normal LV 
function or 

mild disfuction

Pulmonary 
hypertension

Use of vasoactive 
drugs

Porhomayon 
et al. (2015)18

Retrospective 
control case 483 Vasopressine 

(280) CRV surgery Other cardiac 
surgery Undefined

Insufficiency 
acute renal 
(AKIN-1)

Mortality 99% male patients 
(Veterans Hospital)

 
Without 

Vasopressina 
(203)

Off-pump 
surgery

creatinine > 1.5 
or RF stage 3

Perioperative Stroke/sepsis
E-infarction

Vasopressin has been 
associated with greater 

kidney damage

Bomberg 
et al. (2016)19

Observational 
cohort 78

Vasopressine + 
Norepinephrine 

(11)

Mesenteric 
ischemia

Intensive unit 
care Mortality E-infarction

Data before angiography, 
after 24 and 48 hours of 

treatment

  Norepinephrine 
(67) Non-occlusive Length of stay and 

intensive unit care

Benefit in the use of 
vasopressin associated 

with Nora

  after heart 
surgery

Improvement of small 
intestine perfusion

Cheng et al. 
(2018)20

Retrospective 
cohort 338 Vasopressine 

(169) Cardiac surgery Intensive unit 
care admission

Mortality within 
30 days

Infection, septic 
shock

Atrial fibrillation and 
arrhythmias were higher 
in the vasopressin group

  Norepinephrine 
(169) > 18 years old Congenic 

cardiopatics
Vent. Mechanics 

> 48 hours Atrial fibrillation No improvement of 
results

  Ejection 
fraction < 35%

Acute 
mesenteric 
ischemia

Cardiac 
re-operation Arrhythmias

 

diameter left 
ventricular 
diameter > 

60 mm

Pregnancy, 
cancer

Stroke and acute 
kidney injury

 
Post operative 

vasoplegic 
shock

Use 
extracorporeal 

membrane 
oxygenation

CRV: cardiac revascularization; RF: renal failure; CPB: cardiopulmonary bypass; ACEi: angiotensin converting enzyme inhibitor; LV: left ventricle. 
Source: Elaborated by the authors.

Table 1 – Continuation.
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Qualitative synthesis

Seven clinical trials and three observational studies were included. In a double-blind, randomized clinical trial published by 
Okamoto et al.12, the aim was to investigate the relationship between intraoperative vasopressin and the presence of postoperative 
cardiac enzymes. One hundred patients who underwent cardiac surgery were included. These patients were randomized 
into two groups. In the first group, patients used vasopressin (1.8 U/h), and in the second group, they used a placebo (saline 
1.8 mL/h). The primary endpoint was an assessment of CK-MB and troponin T levels at the end of surgery, and 6 and 12 hours 
afterward. The authors found no significant differences in the levels of the markers evaluated at any time during the study. 

Hajjar et al.3 conducted a double-blind, randomized clinical trial in which patients with vasoplegic shock after cardiac surgery 
were included. These patients were randomized into two groups. Group 1 (n = 149) was infused with vasopressin, and group 2 
(n = 151) with norepinephrine. The primary endpoint was mortality or severe complications, and 32% of patients in the vasopressin 
group died, while in the norepinephrine group the rate was 49% (hazard ratio–HR = 0.55; 95%CI 0.38–0.80; p = 0.0014). 

Jahangirifard et al.13 also conducted a double-blind, randomized clinical trial to evaluate the prophylactic effect of low-
dose vasopressin in patients undergoing cardiac revascularization. They included 80 patients randomly divided into two 
groups. In the first group (n = 40), patients received 0.03 IU/min 30 minutes before the end of cardiac revascularization. 
In the second group (n = 40), patients received saline solution. The authors found that vasopressin administration decreased 
the required dopamine dose (p = 0.031) after cardiac surgery. 

Dargah et al.14 conducted a randomized clinical trial to compare the incidence of renal failure in patients undergoing coronary 
artery revascularization who used vasopressin or norepinephrine. One hundred and twenty randomized patients were included 
in the two groups. The authors demonstrated a statistically significant difference only considering creatinine clearance, which 
was higher in the group that received norepinephrine compared to the group that received vasopressin (p < 0.05). 

Verma et al.15 performed a double-blind, randomized clinical trial to evaluate the prophylactic effect of vasopressin 
administration in patients undergoing coronary artery bypass. In this study, 60 patients were randomly divided into two 
groups, one group received vasopressin (0.03 IU/min via infusion pump), and the other group received a saline infusion 
pump. Heart rate and cardiac output were lower in the group receiving vasopressin, and mean arterial pressure and systemic 
vascular resistance were higher in this group. Central venous pressure was stable with no significant difference. The authors 
concluded that low-dose vasopressin infusion is safe for postoperative vasodilatory shock. 

Elgebaly and Sabry16, was a double-blind, randomized study to assess whether low doses of vasopressin administered in 
patients undergoing coronary graft revascularization with mild to moderate systolic dysfunction can produce improvement 
in cardiac function. Twenty patients were randomly divided into two groups; the patients received 0.03 IU/min of 
vasopressin in the second saline solution in equal volume for 60 minutes. The authors demonstrated that infusion of low 
doses of vasopressin for patients with systolic dysfunction benefits the postoperative hemodynamic profile, reduces the 
doses of catecholamines required, and improves left ventricular systolic function.

The final one, performed by Eissa17, included clinical trial, in a randomized double-blind study, in patients undergoing 
elective cardiac revascularization with cardiopulmonary bypass (CPB), who used lisinopril, an angiotensin-converting enzyme 
inhibitor, pre-operatively. Sixty patients were included, divided into three groups: 20 patients did not receive any medication, 20 
patients received norepinephrine 0.03–0.05 mcg/kg/min, and 20 patients received vasopressin 0.03 IU/min. The intervention 
began 20 minutes before the start of prophylactic CPB. The primary outcome was hemodynamic monitoring. The result 
showed that low-dose vasopressin is beneficial with an improvement in the hemodynamic profile and less blood loss.

Considering observational studies, Porhomayon et al.18 evaluated the effect of vasopressin on postoperative acute renal 
failure. A retrospective cohort study was conducted, in which 483 patients undergoing coronary revascularization were 
included. Patients were grouped according to preoperative vasopressin use, and the development of acute renal failure was the 
primary outcome. According to the results, the authors showed that the incidence of renal failure in the total sample was 
14.5%. Vasopressin was administered in 280 patients, and the prevalence of renal failure was 20% in this group and 6.1% in 
the patients who did not receive it (p < 0.0001). Moreover, the use of vasopressin was an independent factor in predicting 



7Acta Cir Bras. V38 . e387523 . 2023

Szeles TF et al.

the occurrence of renal failure (OR = 3.6; 95%CI 1.22–10.62; p = 0.02). However, this association needed to be recovered in 
propensity score matching analysis (p = 0.073). 

Bomberg et al.19 also conducted an observational cohort study in which 78 patients undergoing cardiac revascularization 
who had non-occlusive mesenteric ischemia as a complication were included. Among these patients, in 11 the blood pressure 
was not maintained with the use of norepinephrine alone. Therefore, vasopressin was administered. Two days after treatment, 
the patients who used vasopressin improved bowel perfusion compared to those who did not (p = 0.002). In addition, all 
patients in the vasopressin group survived, and 17 patients in the group that did not use vasopressin died in the hospital. 

Cheng et al.20 conducted a retrospective observational cohort study in which 1,156 patients who had vasoplegic shock after cardiac 
surgery and who used vasopressin or norepinephrine were included. The primary endpoint was mortality rate, mechanical ventilation 
for more than 48 hours, stroke, acute renal failure, and extracorporeal membrane oxygenation. Propensity matching analysis was 
performed, and, after it, 338 patients were selected (169 used vasopressin and 169 used norepinephrine). No significant differences 
were found in any of the primary outcomes assessed. However, when evaluating atrial fibrillation and ventricular arrhythmias, the 
rates were statistically significantly higher in the patients who used vasopressin (p = 0.038 and p = 0.014, respectively). 

Quantitative synthesis

The bias risk analysis of all studies included in the metanalyses is shown in Fig. 2. We used the Cochrane RoB 2.0 tool 
to perform the risk analysis of the studies, and the results are shown in Fig. 3. Regarding selection bias, we noticed 20% of 
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Figure 2 – Risk of bias analysis of all studies included in the meta-analyses.
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Random sequence generation (section bias)
Allocation concealment (selection bias)

Binding of participants and personal (performance bias)
Binding of outcom assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%
Low risk of bias High risk of biasUnclear risk of bias

Source: Elaborated by the authors.

Figure 3 – Risk of bias item presented as percentages across all included studies.

Table 2 – Quality of the evidence was assessed using GRADE for mortality. 

Vasopressin compared to norepinephrine for mortality in patients with vasoplegic shock after cardiac surgery

Patient or population: Mortality in patients with vasoplegic shock after cardiac surgery
Intervention: vasopressin
Comparison: norepinephrine

Outcomes
N of participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95%CI)*

Anticipated absolute effects

Risk with norepinephrine Risk difference with vasopressin

Vasopressin vs. 
noreprinefrine

638 
(2 RCTs)

 
High

OR 1.60 
(0.47 to 

5.50)
84 per 1,000 44 more per 1,000 

(43 fewer to 252 more)

Vasopressin vs. 
placebo

655 
(3 RCTs)

 
Moderate

OR 0.72 
(0.14 to 

3.61)
10 per 1,000 3 fewer per 1,000 

(9 fewer to 26 more)

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the 
effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the 
estimate of effect.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of 
the intervention (and its 95%CI); 95%CI: 95% confidence interval; OR: odds ratio; RCT: randomized clinical trial. Source: Elaborated by the authors.

high risk for randomization and 40% for allocation. For performance bias, there was 40% high risk and for attrition bias 
40% high risk. The quality of the evidence was assessed using GRADE, and this result is demonstrated in Tables 2 and 3. 

Mortality

In our analysis, we included studies that evaluated the mortality rate as an outcome comparing patients who received 
vasopressin and norepinephrine. As we can see in the forest plot (Fig. 4), two studies were included in this analysis, and the 
mortality rate was higher in the vasopressin group, although without statistical significance in the meta-analysis (OR = 1.60; 
95%CI 0.47–5.50, I2 = 67%; z = 0.75; p = 0.45). As we can see, the heterogeneity rate of the analysis was significant, so we 
chose the random analysis model.

Considering the mortality outcome, we analyzed vasopressin versus placebo and found three studies, included in 
our analysis. As shown in the forest plot (Fig. 5), no statistically significant difference was found for the intervention 



9Acta Cir Bras. V38 . e387523 . 2023

Szeles TF et al.

Table 3 – Quality of the evidence was assessed using GRADE for length of stay. 

Vasopressin compared to placebo for length of hospital stay

Patient or population: length of hospital stay
Intervention: vasopressin
Comparison: placebo

Outcomes
N of participants 

(studies) 
Follow-up

Certainty of the 
evidence 

(GRADE)

Relative 
effect 

(95%CI)*

Anticipated absolute effects

Risk with placebo Risk difference with 
vasopressin

Vasopressin vs. 
norepinephrine

377 
(4 RCTs)

 
High

RR -0.04 
(-0.34 to 

0.25)
0 per 1,000 0 fewer per 1,000 

(0 fewer to 0 fewer)

Vassopressin vs. 
placebo

192 
(3 RCTs)

 
Moderate

OR 0.81 
(0.42 to 1.57) 611 per 1.000 51 fewer per 1,000 

(214 fewer to 101 more)

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the 
effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the 
estimate of effect.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95%CI); 95%CI: 95% confidence interval; OR: odds ratio; RR: risk ratio; RCT: randomized clinical trial. Source: Elaborated by the authors.

Vasopressin versus Norepinephrime for Patientes with Vasoplegic Shock after Cardiac... 23-Jan-2023

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours [Vasopressin] Favours [Norepinephrine]

A

1 Vasopressin versus Norepinephrime

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assesment (detection bias)
(F) Selective reporting (reporting bias)
(G) Other bias

1.1 New outcome

Vasopressin Noreprinephrine Odds Ratio
Study os Subgroup Events Total Events Total Weight M-H, Random, 95% CI
Cheng 2018 10 169 3 169 39.6% 3.48 [0.94, 12.88]
Hajjar 2017 23 149 24 151 60.4% 0.97 [0.52, 1.80]

Total (95% CI) 318 320 100.0% 1.60 [0.47, 5.50]
Total events 33 27
Heterogeneity: Tau2 = 0.55; Chi2 = 3.03, df = 1 (PP = 0.08); I2 = 67%
Test for overall effect: Z = 0.75 (P = 0.45)

Source: Elaborated by the authors.

Figure 4 – Mortality rate as endpoint comparing patients receiving vasopressin and norepinephrine.

(vasopressin use). However, this analysis requires attention because the event (death) did not occur in two studies, making 
the examination impossible.
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Vasopressin versus Norepinephrime for Patientes with Vasoplegic Shock after Cardiac... 23-Jan-2023

Odds Ratio
M-H, Random, 95% CI

Risk of
A B C D

0.01 0.1 1 10 100
Favours [Vasopressin] Favours [placebo]

3 Vasopressin versus Placebo - Mortality

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assesment (detection bias)
(F) Selective reporting (reporting bias)
(G) Other bias

3.1 New outcome

Vasopressin Placebo Odds Ratio
Study or subgroups Events Total Events Total Weight M-H, Random, 95% CI
Jahangirifard 2017 0 40 0 40
Okamoto 2015 0 47 0 45 Not estimated
Porhomayon 2015 3 280 3 203 100.0% 0.72 [0.15, 3.+61]

Total (95% CI) 367 288 100.0% 0.72 [0.14, 3.61]
Total events 3 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)

Source: Elaborated by the authors.

Figure 5 – Mortality analysis comparing vasopressin versus placebo.

Vasopressin versus Norepinephrime for Patientes with Vasoplegic Shock after Cardiac... 23-Jan-2023

Mean Difference 
IV, Random, 95% CI

-100 -50 0 50 100
Favours [Vasopressin] Favours [placebo]]

R
A B

4 Vasopressin versus Placebo - Tempo de internação

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assesment (detection bias)
(F) Selective reporting (reporting bias)
(G) Other bias

4.1 Vasopressina versus Placebo - Tempo de internação

Vasopressin Placebo Mean Difference
Study os Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Eissa 2014 5.44 0.75 20 5.94 1.74 20 11.3% -0.50 [-1.33, 0.33]
Elgebaly 2012 10.7 6.2 10 12.2 8.7 10 0.2% -1.50 [-8.12, 5.12]
Jahangirafard 2017 3.22 0.73 40 3.22 0.69 40 80.3$ 0.00 [-0.31, 0.31]
Okamoto 2015 8 2.22 47 9 3.7 45 5.0% -1.00 [-2.25, 0.25]
Porhomayon 2015 6.9 11.2 280 6.5 5.8 203 3.3% 0.40 [-1.14, 1.94]

Total (95% CI) 397 318 100.0% -0.10 [-0.37, 0.18]
Heterogeneity: Tau2 = 0.00; Chi2 = 3.85, df = 4 (P = 0.43); I2 = 0%
Test for overall effect: Z = 0.67 (P = 0.50)

Source: Elaborated by the authors.

Figure 6 – Comparison of length of stay about the use of noradrenaline and vasopressin.

Length of hospital stay

We performed a meta-analysis using a length of stay as the endpoint. We included four studies that compared vasopressin versus 
norepinephrine. In this analysis, we also performed the random effect due to heterogeneity. As shown in Fig. 6, three studies had 
a lower mean length of stay in the vasopressin group. One study had a lower mean for the norepinephrine group, but the result 
of our meta-analysis showed no statistically significant difference (OR = 0.08; 95%CI 0.40–0.56, I2 = 87%; z = 0.33; p = 0.74).
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Discussion

In our systematic review, we evaluated the effect of vasopressin in patients with vasoplegic shock after significant surgery. 
We included studies that compared vasopressin with norepinephrine and placebo and evaluated some outcomes reported 
in the articles as mortality and length of stay. After quantitative and qualitative synthesis of the studies, we observed that, 
although some studies indicate that vasopressin decreased some of the outcomes significantly, the same was not observed 
in others. The results are extremely heterogeneous, which can be seen in the meta-analysis performed; in none of them 
we observed significant differences. However, although we did not find benefits associated with the use of vasopressin, we 
did not find that its use brought a higher frequency of comorbidities for patients either, showing some safety for its use. 

Vasopressin is a nonapeptide hormone formed by sequences of nine amino acids. This hormone is produced by 
magnocellular neurons located in the paraventricular and supraoptic nuclei of the hypothalamus, in which it is stored until 
its use21. This synthesis and storage cycle lasts approximately two hours. When in the bloodstream, vasopressin has a half-
life of between 10 and 35 minutes and is degraded in the kidneys and liver through the action of peptidases. Compared 
to other vasoconstrictor agents such as noradrenaline and phenylephrine, vasopressin is considered more potent because, 
besides the contraction mechanism, this hormone also uses other contractile cascades to function in vascular smooth muscle. 
These mechanisms may contribute to the justification of its use in the clinic during vasoplegic shock. However, whether 
this contribution is beneficial, it is still unclear since its vasoconstrictor potential is very pronounced. 

The use of vasopressin in this context has been recent yet. Argenziano et al.22 in 1997 aimed to evaluate through a 
randomized clinical trial the effect of vasopressin in the VS after implantation of a ventricular assist device in patients 
with advanced heart failure Ten patients were included in this clinical trial; five were randomized to vasopressin and five 
to saline solution. In the intervention group (vasopressin), a statistically significant improvement in mean arterial pressure 
and systemic vascular resistance was observed.

Source: Elaborated by the authors.

Figure 7 – Vasopressin versus placebo concerning length of stay.

Vasopressin versus Norepinephrime for Patientes with Vasoplegic Shock after Cardiac... 23-Jan-2023

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours [Vasopressin] Favours [control]

5 Vasopressin versus placebo - FA

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assesment (detection bias)
(F) Selective reporting (reporting bias)
(G) Other bias

5.1 Vasopressin versus placebo - FA

Vasopressin Placebo Odds Ratio
Study os Subgroup Events Total Events Total Weight M-H, Random, 95% CI
Jahangirafard 2017 6 40 7 40 32.9% 0.93 [0.25, 2.74]
Okamoto 2015 17 47 24 45 67.1% 0.50 [0.22, 1.14]

Total (95% CI) 87 85 100.0% 0.59 [0.30, 1.16]
Total events 23 31
Heterogeneity: Tau2 = 0.00; Chi2 = 0.49, df = 1 (P = 0.49); I2 = 0%
Test for overall effect: Z = 1.52 (P = 0.13)

Risk of
A B C D E

When analyzing vasopressin versus placebo, regarding the outcome of the length of hospital stay, five studies comprised 
our analysis, as shown in the forest plot (Fig. 7); there was also no statistical significance regarding the use of placebo and 
vasopressin (OR = -0.10; 95%CI -0.37–-0.18, I2 = 0%; z = 0.67; p = 0.50).
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Forty-eight patients who developed vasodilatory shock after cardiovascular surgery were included in another previously 
published study. These patients were randomized into two groups; one received vasopressin, and the other group received 
vasopressin and noradrenaline. Hemodynamic parameters were evaluated for 48 hours, and the authors demonstrated that 
the group of patients treated with vasopressin had a statistically significant decrease in heart rate. In addition, no significant 
adverse effects were observed with vasopressin23. 

In our systematic review, we included a single Brazilian study, a randomized clinical trial in which 82 patients were 
included and randomized into two groups, one group received vasopressin, and the other one norepinephrine. The outcome 
was assessed as the length of stay, mortality, presence of organ dysfunctions, and adverse effects. In this study, as already 
mentioned, a significant difference was observed in the length of stay in the ICU favorable to the intervention (vasopressin), 
which was approximately four days compared to seven days for noradrenaline. Also, in this study, the authors showed no 
significant difference considering mortality, and the group treated with vasopressin showed a lower incidence of renal 
failure when compared to noradrenaline3.

There are many studies published in the literature that had as an outcome the use of vasopressin in the clinical management 
of vasoplegic shock, especially after cardiac surgeries. The results of the works are controversial, which makes it crucial to 
perform systematic reviews especially with meta-analysis. Here, in our systematic review, we included clinical trials and 
also observational studies that were available and that met the previously established criteria, i.e., that included patients 
with VS or high risk for such a condition to define the efficacy of vasopressin in this clinical setting. 

The VS in the immediate postoperative period of cardiac surgery has an incidence of 26%, and its severity is proportional 
to the response to vasoactive amines24. The main drug for treating mild to moderate syndrome is noradrenaline. Still, some 
evidence shows that noradrenaline alone is ineffective for a significant fraction of patients. In this sense, it is necessary to 
search for therapeutic alternatives, and among the drugs that are used in studies we have methylene blue and vasopressin, 
the drugs considered most promising24. 

Our systematic review tried to evaluate vasopressin’s efficacy and safety in managing vasoplegic shock. We found an 
extremely heterogeneous scenario of clinical studies, which included six randomized clinical trials. Among these trials, 
three evaluated the prophylactic use of vasopressin versus placebo. The outcomes assessed in these studies were different, 
which makes comparison difficult. Still, in all of them, benefits were demonstrated in the use of vasopressin.

Most importantly, it was shown that its use in low doses prophylactically is safe for patients13,15,16. Only one clinical 
trial evaluated mortality as the primary endpoint. The results demonstrated that the use of vasopressin compared to 
norepinephrine was superior and decreased the death rate of patients3. One clinical trial evaluated the development of 
acute renal failure. It demonstrated no significant differences in the incidence of this condition comparing vasopressin 
versus noradrenaline15. We included four observational studies; two evaluated mortality as an endpoint comparing the use 
of vasopressin with noradrenaline and found no statistically significant differences19,20. A cohort study demonstrated that 
vasopressin administered in patients with mesenteric ischemia as a complication was superior to noradrenaline considering 
the improvement of intestinal perfusion18. We included a cohort study that demonstrated that using vasopressin increased the 
chance of developing acute renal failure by more than three times compared to matched patients who did not use the drug17.

We found no significant differences in any of the comparisons performed in our meta-analysis. In the literature for 
comparison, we found a single previously published systematic review on the subject. In this review, the authors included 
three studies, two randomized clinical trials and one retrospective cohort study. No differences were observed in mortality 
rates, ventricular arrhythmias, and duration of mechanical ventilation, however, conflicting results were observed for acute 
kidney injury, atrial arrhythmias, duration of vasopressors and length of ICU stay, as in our review the authors concluded 
that vasopressin was not a drug considered superior for any of the outcomes analyzed26.

Finally, it is worth noting that, although our systematic review and meta-analysis does not allow any favorable 
conclusion for the use of vasopressin, we could observe that only one observational study indicated that the use of 
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vasopressin increases the risk of developing renal failure. However, this finding was not corroborated in a clinical trial 
conducted with the same objective. 

Considering the limitations of our study, we emphasize that our results should be observed with caution, since due to the 
limited number of studies we included articles with different methodologies, small sample size, and in different populations. 
Furthermore, no subgroup analysis or adjustments were performed in the meta-analysis. 

Conclusion

We concluded that more studies, especially clinical trials, should be conducted in a methodological setting of excellence 
so that more robust and safer conclusions can be inferred about using vasopressin in managing vasoplegic shock.

Conflict of interest

Nothing to declare.

Authors’ contribution

Substantive scientific and intellectual contributions to the study: Artifon ELA, Almeida JP and Cruz JAS; Conception 
and design: Artifon ELA, Almeida JP and Cruz JAS; Acquisition of data: Szeles TF and Cruz JAS; Analysis and interpretation 
of data: Szeles TF and Cruz JAS; Statistics analysis: Cruz JAS; Manuscript preparation: Szeles TF; Manuscript writing: 
Szeles TF; Critical revision: Artifon ELA and Cruz JAS.

Data availability statement

The datasets used and/or analyzed during the current study available from the corresponding author on reasonable request.

Funding

Not applicable.

Acknowledgements

Not applicable.

About the authors

Szeles TF, Almeida JP and Cruz JAS are PhDs. 

Artifon ELA is full professor.

References 

1.	 Shaefi S, Mittel A, Klick J, Evans A, Ivascu NS, Gutsche J, Augoustides JGT. Vasoplegia After Cardiovascular 
Procedures-Pathophysiology and Targeted Therapy. J Cardiothorac Vasc Anesth. 2018;32(2):1013–22. https://doi.
org/10.1053/j.jvca.2017.10.032

https://doi.org/10.1053/j.jvca.2017.10.032
https://doi.org/10.1053/j.jvca.2017.10.032


14 Acta Cir Bras. V38 . e387523 . 2023

Vasopressin in vasoplegic shock in surgical patients: systematic review and meta-analysis

2.	 Esposito M, Montana A, Liberto A, Filetti V, Nunno ND, Amico F, Salemo M, Loreto C, Sessa F. Anaphylactic Death: A 
New Forensic Workflow for Diagnosis. Healthcare (Basel). 2021;9(2):117. https://doi.org/10.3390/healthcare9020117

3.	 Hajjar LA, Vincent JL, Barbosa Gomes Galas FR, Rhodes A, Landoni G, Osawa EA, Melo RR, Sunding MR, Grande 
SM, Gaiotto FA, Pomerantzeff PM, Dallan LO, Franco RA, Nakamura RE, Lisboa LA, Almeida JP, Gerent AM, Souza 
DH, Gaiane MA Fukushima JT, Park CL, Zambolim C, Ferreira GSR, Strabelli TM, Fernande FL, Camara L, Zeferino 
S, Santos VG, Piccioni MA, Jatene FB, Auler Jr. JOC, Kalil Filho R. Vasopressin versus Norepinephrine in Patients with 
Vasoplegic Shock after Cardiac Surgery: The VANCS Randomized Controlled Trial. Anesthesiology. 2017;126(1):85–
93. https://doi.org/10.1097/aln.0000000000001434

4.	 James A, Amour J. Vasopressin versus Norepinephrine in Patients with Vasoplegic Shock after Cardiac Surgery: A 
Discussion of the Level of Evidence. Anesthesiology. 2018;128(1):228. https://doi.org/10.1097/aln.0000000000001955

5.	 Levy B, Fritz C, Tahon E, Jacquot A, Auchet T, Kimmoun A. Vasoplegia treatments: the past, the present, and the 
future. Crit Care. 2018;22(1):52. https://doi.org/10.1186/s13054-018-1967-3

6.	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith C, French C, Machado FR, Mcintyre L, Ostermann M, 
Prescott HC, Schorr C, Simpson S, Wiersinga WJ, Alshamsi F, Angus D, Arabi Y, Azevedo L, Beale R, Beilman G, 
Belley-Cote E, Burry L, Cecconi M, Centofanti J, Coz Yataco A, De Waele J, Dellinger RP, Doi K, Du B, Estenssoro E, 
Ferrer R, Gomersall C, Hodgson C, Hylander Møller M, Iwashyna T, Jacob S, Kleinpell R, Klompas M, Koh Y, Kumar 
A, Kwizera A, Lobo S, Masur H, McGloughlin S, Mehta S, Mehta Y, Mer M, Nunnally M, Oczkowski S, Osborn T, 
Papathanassoglou E, Perner A, Puskarich M, Roberts J, Schweickert W, Seckel M, Sevransky J, Sprung CL, Welte T, 
Zimmerman J, Levy M. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic 
Shock 2021. Crit Care Med. 2021;49(11):e1063–43. https://doi.org/10.1097/CCM.0000000000005337

7.	 Kohsaka S, Menon V, Lowe AM, Lange M, Dzavik V, Sleeper LA, Hochman JS, SHOCK Investigators. Systemic 
inflammatory response syndrome after acute myocardial infarction complicated by cardiogenic shock. Arch Intern 
Med. 2005;165(14):1643–50. https://doi.org/10.1001/archinte.165.14.1643

8.	 Russell JA. Vasopressin, Norepinephrine, and Vasodilatory Shock after Cardiac Surgery: Another “VASST” Difference? 
Anesthesiology. 2017;126(1):9–11. https://doi.org/10.1097/aln.0000000000001435

9.	 Bayerl S, Wöhrle T, Kilger E. [Vasopressin in distributive shock : Brief summary of the guidelines of the Canadian 
Critical Care Society published in December 2019]. Anaesthesist. 2020;69(3):159–61. https://doi.org/10.1007/s00101-
020-00742-5

10.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097. https://doi.org/10.1371/journal.pmed.1000097

11.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan 
SE, Chou R, Glanville J, Grimshaw JM, Hróbjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, 
McGuinness LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71

12.	 Okamoto Y, Nohmi T, Higa Y, Seki K, Yamashita A. Vasopressin does not raise cardiac enzymes following cardiac 
surgery: a randomized double-blind clinical trial. J Cardiothorac Vasc Anesth. 2015;29(1):46–51. https://doi.
org/10.1053/j.jvca.2014.07.007

13.	 Jahangirifard A, Golestani Eraghi M, Fani K, Tafrishinejad A, Dadashpour N, Ahmadi Z, Salajegheh S. Effect of 
Prophylactic Vasopressin on Hemodynamic Parameters after Coronary Artery Bypass Graft Surgery. J Cell Mol 
Anesth. 2017;2(3):97–102.

14.	 Dargah MS, Vakili N, Isazadefar J, Kebar K, Zade S, Vakili A. Comparative Analysis of the Effects of Vasopersin and 
Norepinephrine on the Renal Function in Patients Undergoing CABG; a randomized clinical trial. Iran Red Crescent 
Med J. 2018;20(8):e67026. https://doi.org/10.5812/ircmj.67026

15.	 Verma I, Beelwal P, Verma C, Vyas CK. Hemodynamic Effects of Prophylactic Administration of Vasopressin in 
Patients Undergoing Off Pump Coronary Artery Bypass Graft Surgery: A Randomized Control Double Blind 
Interventional Study. Arch Anesth Crit Care. 2022;8(Suppl.):377–82.

https://doi.org/10.3390/healthcare9020117
https://doi.org/10.1097/aln.0000000000001434
https://doi.org/10.1097/aln.0000000000001955
https://doi.org/10.1186/s13054-018-1967-3
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1001/archinte.165.14.1643
https://doi.org/10.1097/aln.0000000000001435
https://doi.org/10.1007/s00101-020-00742-5
https://doi.org/10.1007/s00101-020-00742-5
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1053/j.jvca.2014.07.007
https://doi.org/10.1053/j.jvca.2014.07.007
https://doi.org/10.5812/ircmj.67026


15Acta Cir Bras. V38 . e387523 . 2023

Szeles TF et al.

16.	 Elgebaly AS, Sabry M. Infusion of low-dose vasopressin improves left ventricular function during separation from 
cardiopulmonary bypass: a double-blind randomized study. Ann Card Anaesth. 2012;15(2):128–33. https://doi.
org/10.4103/0971-9784.95076

17.	 Eissa MIA. Prophylactic vasopressin versus norepinephrine in patients receiving the angiotensin-converting enzyme 
inhibitor undergoing coronary artery bypass graft surgery. AAMJ. 2014;12(4). 

18.	 Porhomayon J, Davari-Farid S, Li CM, Arora P, Pourafkari L, Nader ND. Intraoperative administration of vasopressin 
during coronary artery bypass surgery is associated with acute postoperative kidney injury. J Crit Care. 2015;30(5):963–
8. https://doi.org/10.1016/j.jcrc.2015.06.013

19.	 Bomberg H, Groesdonk HV, Raffel M, Minko P, Schmied W, Klingele M, Schäfers H-J. Vasopressin as Therapy 
During Nonocclusive Mesenteric Ischemia. Ann Thorac Surg. 2016;102(3):813–9. https://doi.org/10.1016/j.
athoracsur.2016.03.025

20.	 Cheng Y, Pan T, Ge M, Chen T, Ye J, Lu L, Chen C, Zong Q, Ding Y, Wang D. Evaluation of Vasopressin for Vasoplegic 
Shock in Patients With Preoperative Left Ventricular Dysfunction After Cardiac Surgery: A Propensity-Score Analysis. 
Shock. 2018;50(5):519–24. https://doi.org/10.1097/shk.0000000000001114

21.	 Meyer-Lindenberg A, Domes G, Kirsch P, Heinrichs M. Oxytocin and vasopressin in the human brain: social 
neuropeptides for translational medicine. Nat Rev Neurosci. 2011;12(9):524–38. https://doi.org/10.1038/nrn3044

22.	 Argenziano M, Choudhri AF, Oz MC, Rose EA, Smith CR, Landry DW. A prospective randomized trial of arginine 
vasopressin in the treatment of vasodilatory shock after left ventricular assist device placement. Circulation. 1997;96(9 
Suppl.):II-286-90.

23.	 Dünser MW, Mayr AJ, Ulmer H, Knotzer H, Sumann G, Pajk W, Friesenecker B, Hasibeder WR. Arginine vasopressin 
in advanced vasodilatory shock: a prospective, randomized, controlled study. Circulation. 2003;107(18):2313–9. 
https://doi.org/10.1161/01.cir.0000066692.71008.bb

24.	 Lehot JJ. [Vasoplegic syndrome after cardiac surgery with cardiopulmonary bypass]. Ann Fr Anesth Reanim. 
2012;31(Suppl.1):S18–21. https://doi.org/10.1016/s0750-7658(12)70049-7

25.	 Levin RL, Degrange MA, Bruno GF, Del Mazo CD, Taborda DJ, Griotti JJ, Boullon FJ. Methylene blue reduces 
mortality and morbidity in vasoplegic patients after cardiac surgery. Ann Thorac Surg. 2004;77(2):496–9. https://doi.
org/10.1016/s0003-4975(03)01510-8

26.	 Webb AJ, Seisa MO, Nayfeh T, Wieruszewski PM, Nei SD, Smischney NJ. Vasopressin in vasoplegic shock: A systematic 
review. World J Crit Care Med. 2020;9(5):88–98. https://doi.org/10.5492/wjccm.v9.i5.88

https://doi.org/10.4103/0971-9784.95076
https://doi.org/10.4103/0971-9784.95076
https://doi.org/10.1016/j.jcrc.2015.06.013
https://doi.org/10.1016/j.athoracsur.2016.03.025
https://doi.org/10.1016/j.athoracsur.2016.03.025
https://doi.org/10.1097/shk.0000000000001114
https://doi.org/10.1038/nrn3044
https://doi.org/10.1161/01.cir.0000066692.71008.bb
https://doi.org/10.1016/s0750-7658(12)70049-7
https://doi.org/10.1016/s0003-4975(03)01510-8
https://doi.org/10.1016/s0003-4975(03)01510-8
https://doi.org/10.5492/wjccm.v9.i5.88

