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Abstract
Background: Comparative studies among the various car-
diovascular medications used for the treatment of neonatal 
hypotension are lacking. Methods: This systematic review 
and pairwise meta-analysis of the anti-hypotensive treat-
ments in preterm and term infants was conducted to evalu-
ate efficacy and impact on outcome. Electronic databases 
were searched up to February 2021 for relevant articles. As 
an extension of the current approach for study selection, a 
machine learning technique was used. Only randomized 
controlled trials (RCTs) of inotropes, pressors, volume thera-
py, and corticosteroids were included. Response to treat-
ment was the primary outcome while secondary outcomes 
included mortality and common morbidities. Results: Nine-
teen RCTs involving 758 preterm and term neonates were 
found, and 8 treatments were evaluated. Most studies in-
volved subjects with early hypotension associated with pre-
maturity. Pairwise meta-analysis among treatments showed 
that dopamine was more effective than dobutamine regard-
ing the response to treatment (restoration of normotension 

or normalization of blood pressure) (7 trials, 286 neonates, 
odds ratio, 3.06 [95% CI = 1.06–8.87]; I2 = 49%, very low qual-
ity of the evidence per GRADE). Comparisons of other treat-
ments were not significant. No differences were found 
among regimens regarding survival and other secondary 
outcomes. Conclusion: In this systematic review and pair-
wise meta-analysis, only the comparison of dopamine versus 
dobutamine provided evidence for efficacy of treatment and 
favored dopamine. No safe conclusions could be reached in 
regard to other treatments. Data regarding the manage-
ment of arterial hypotension in conditions other than transi-
tion after birth in preterm newborns are sparse both in pre-
term and term infants. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Arterial hypotension is a relatively common problem 
in critically ill infants [1–3]. Although a causal relation-
ship between hypotension and end-organ injury has not 
been clearly documented, studies have shown a higher 
incidence of severe brain injury [4, 5], along with other 
important morbidities such as necrotizing enterocolitis 
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[6], multiple organ failure [7], and even death [8] in in-
fants with low blood pressure (BP). Moreover, early-on-
set hypotension was found to be an independent predic-
tor of poor neurological outcome in preterm infants [9].

From the therapeutic point of view, irrespective of the 
long-existing controversies surrounding hypotension in 
neonates (definition, diagnosis, need for treatment), the 
restoration and maintenance of adequate organ perfusion 
are essential goals in the management of the sick neonate. 
Early cardiovascular support can improve survival and 
outcomes in septic children and infants [10, 11].

In this context, several cardiovascular medications 
have been used to treat hypotensive neonates, with dopa-
mine and dobutamine being the most commonly used 
[12]. Other catecholamines (adrenaline [epinephrine], 
nonadrenaline [norepinephrine], phenylephrine), neu-
ropeptides (vasopressin, terlipressin), phosphodiesterase 
3 inhibitors (milrinone) [13, 14], and systemic corticoste-
roids (dexamethasone, hydrocortisone) have also been 
used, mostly as rescue therapy, along with other inotropes 
and pressors in neonates with refractory arterial hypoten-
sion [15].

However, after more than half a century of clinical use, 
there is still no clear evidence-based answer as to which 
vasoactive agent is most appropriate for the management 
of hypotension in neonates and in which clinical setting 
[16]. Due to the limited number of randomized con-
trolled trials (RCTs), previous relevant systematic reviews 
and meta-analyses were published more than 5 years ago, 
and only included preterm infants with early hypoten-
sion, with dopamine being the agent to which all other 
interventions were compared [12, 17, 18]. Since then, 
more studies on neonatal hemodynamic support have 
been conducted, such as the “Hypotension in Preterm In-
fants (HIP) trial” [2]. Nevertheless, no previous study has 
compared the efficacy of the different cardiovascular reg-
imens in neonatal hypotension, nor has the therapeutic 
role of these agents in relation to the underlying cause of 
hypotension or the degree of maturity (preterm vs. term 
infants) been evaluated. Moreover, to the best of our 
knowledge, there is very little evidence from clinical trials 
on this topic regarding term neonates.

Therefore, this systematic review and meta-analysis 
attempted to evaluate current evidence for the most effec-
tive vasoactive drug for the treatment of arterial hypoten-
sion in both preterm and term infants by assessing clinical 
benefits and outcomes. To accomplish our aim and as an 
extension of the current approach for study selection, a 
machine learning technique capable of robust automatic 
study selection for meta-analysis was used.

Methods

Protocol
The protocol for this review was registered with Open Science 

Framework (https://osf.io/b8tm2/). Minor differences from the 
protocol are shown in online supplementary Table 1.

Eligibility
Studies including preterm or full-term infants of less than 30 

days postnatal age with arterial hypotension, treated with any of the 
following agents such as dopamine, dobutamine, adrenaline (epi-
nephrine), noradrenaline (norepinephrine), vasopressin/terlipres-
sin, levosimendan, milrinone, systemic corticosteroids (hydrocor-
tisone, dexamethasone), or placebo were eligible for inclusion.

Outcomes
Primary outcome included response to treatment (defined as 

achievement of the primary outcome[s] in each study, mainly res-
olution of hypotension), reported as dichotomous data. The num-
ber of participants meeting the primary outcome and the number 
analyzed in each group were recorded. Secondary outcomes in-
cluded infant survival, necrotizing enterocolitis (stage ≥2), intra-
ventricular hemorrhage (all stages), retinopathy of prematurity (all 
stages), bronchopulmonary dysplasia, periventricular leukomala-
cia, and sepsis as well as heart function characteristics (heart rate, 
mean BP, left ventricular output [LVO], right ventricular output 
[RVO], and superior vena cava [SVC] flow).

Search
Standard Search Strategy
RCTs on cardiovascular medications used in the treatment of 

neonatal hypotension were identified using the standard search strat-
egy of the Neonatal Review Group of the Cochrane Collaboration. 
Electronic databases (PubMed, Scopus, and the Cochrane Library) 
up to February 2021 were searched for potentially relevant articles 
using pre-defined search strategies (online suppl. Table 2). Previ-
ously published reviews were searched for references to relevant tri-
als. The International Prospective Register of Systematic Reviews 
(PROSPERO) was searched periodically for relevant ongoing and 
completed systematic reviews. A manual search of the reference lists 
of all included studies was conducted to check for other possibly rel-
evant articles. Manual searches were also conducted to capture data 
not reported in the main publications and data from recent studies 
not yet published. Furthermore, the clinical trial registry clinicaltri-
als.gov was also included in the search. Databases were searched us-
ing the MeSH terms “hypotension”, “inotropic”, “vasopressin”, “le-
vosimendan”, “terlipressin”, “phenylephrine”, “noradrenaline”, 
“adrenaline”, “dobutamine”, “dopamine”, “milrinone”, “infant”, 
“newborn”, NOT “animal”, “humans”, “groups”, “randomized con-
trolled trials”, “placebo”, “drug therapy”. Studies included full re-
ports in English language and were not limited by birth weight, low-
er gestational age threshold, or by route or duration of administra-
tion of inotropic agents. Arterial hypotension was not defined 
specifically but was accepted as defined in individual studies. The 
primary medical conditions of infants included hypotension/shock 
due to prematurity, neonatal sepsis, necrotizing enterocolitis, patent 
ductus arteriosus, post-operation complications, or perinatal as-
phyxia. Studies with agents used as initial treatment, as well as rescue 
therapy of refractory shock or prior volume expansion with crystal-
loids and hydrocortisone use, were also considered.
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Machine Learning-Assisted Study Selection and Validation
Along with the current approach for study selection, a new 

method described by Xiong et al. [19] was adopted, with the aim 
of quickly screening abstracts for a systematic review with excel-
lent accuracy. This approach uses modern text mining filtering 
techniques and is based on R [20]. Briefly, the following steps are 
included in the method: (i) two searches in PubMed were con-
ducted, a general one and a target specific (a small number of ab-
stracts from publications that were initially agreed from the re-
viewers that adhere to the study); (ii) the abstracts of the first 
search were clustered using unsupervised machine learning algo-
rithms [21]; (iii) it was decided which cluster of abstracts should 
be kept and which were to be rejected by calculating the cosine 
similarity with the cluster of the abstracts of the second search; (iv) 
repeating the second step, re-clustering the remaining abstracts, 
and discarding the irrelevant ones, the number of abstracts eligible 
for manual screening was greatly reduced. Additional information 
on machine learning-assisted study selection is provided in online 
supplementary material.

Study Selection. The process was reported using the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) flow diagram following the PRISMA statement (online 
suppl. Fig. 1) [22]. Initially, titles and abstracts of all records iden-
tified by the database searches were screened independently by two 
reviewers (E.V. and S.N.) against the predefined eligibility criteria 
to identify the subset of potentially relevant studies. To reduce the 
risk of missing potentially relevant studies and to resolve cases of 
uncertainty, a third reviewer (F.A.-K.) repeated the process of 
screening titles and abstracts from all potentially relevant studies. 
Any discrepancies were resolved by discussion. Full reports were 
obtained for all titles of potentially relevant studies, or where there 
was uncertainty. Full-text screening was also conducted by the pri-
mary researcher. Online supplementary material was consulted if 
the information provided in the main published article was insuf-
ficient to assess whether the inclusion criteria were met.

Data Collection. Information was extracted from all selected 
studies using a pre-specified data extraction form. The form was 
piloted on the first six selected studies and refined, as necessary. 
Online supplementary material was also consulted and/or authors 
contacted if the information provided in the original published 
articles was insufficient to complete the extraction. Data were ex-
tracted as counts (i.e., number of patients who responded to treat-
ment) or as means (SD). When data were reported as medians/
interquartile range/range, they were converted to means (SD) [23]. 
WebPlotDigitizer was used to extract numerical data if data values 
were given in a graphical format. As with screening, data extrac-
tion was carried out in duplicate on a subset of selected records to 
reduce the risk of errors and bias. Similarly, any disagreements 
arising between the reviewers were resolved with discussion. In the 
event of duplicate publications, companion documents, or multi-
ple reports of a primary study, we maximized the yield of informa-
tion by collating all available data and used the most complete da-
taset aggregated across all known publications. In case of doubt, 
the publication reporting the longest follow-up associated with our 
primary and secondary outcomes was given priority.

Summary Measures and Synthesis of Results. Initially, we aimed 
to conduct a network meta-analysis, to provide a global estimate 
of treatment effects for a set of multiple interventions, by combin-
ing direct and indirect evidence. This approach is particularly use-
ful when pairwise comparisons are not available in the literature 

[24]. However, this was not possible due to the limited number of 
RCTs and the absence of closed loops in a network which resulted 
in violations of transitivity. Therefore, if two or more RCTs satisfy-
ing the inclusion criteria were available and reported the same out-
comes in a comparable population, a pairwise meta-analysis was 
performed using a random effects model for each treatment. Eli-
gibility for meta-analysis was determined by the degree of clinical 
and methodological heterogeneity observed between studies. Me-
ta-analysis was conducted using a frequentist random effects in-
verse variance analysis using the package netmeta in R ver 4.0.0. (R 
Foundation of Statistical Computing, Vienna, Austria). Dichoto-
mous outcomes are presented using the pooled odds ratios (ORs), 
with 95% confidence interval (95% CI). For studies with a zero cell 
count in one of the arms, a treatment arm continuity correction 
was applied [25]. Mean difference (MD) with 95% CI is presented 
for continuous outcomes. Effect sizes of individual studies and any 
pooled estimates of effect are presented in tables and graphically 
depicted as forest plots.

Assessment of Heterogeneity. Heterogeneity was identified by 
visual inspection of the forest plots and by using a standard χ2 test 
with a significance level of α = 0.1, in view of the low power of this 
test. Heterogeneity was examined using the I2 statistic, which 
quantifies inconsistency across studies, to assess the impact of het-
erogeneity on the meta-analysis [26, 27]; an I2 statistic of 75% or 
more indicates a considerable level of inconsistency [28]. In the 
case where heterogeneity was found, potential reasons for it were 
assessed by examining individual study and subgroup characteris-
tics. Sensitivity analysis for the robustness of the results was not 
conducted due to the limited number of studies.

Quality Assessment. Two reviewers independently checked 
each included article to minimize bias. All selected articles were 
assessed for their quality based on the Cochrane Collaboration’s 
revised risk of bias (RoB) 2.0 tool independently by the two review-
ers [29]. Disagreements were resolved by consensus, or by consul-
tation with a third reviewer.

Quality of Evidence. The Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) was used to rate the 
level of evidence of the synthesized outcomes with at least two 
studies in five aspects, including limitations, inconsistencies, indi-
rectness, imprecision, and publication bias [30]. This evaluation 
was conducted independently by two reviewers and in case of dis-
agreement a third reviewer was consulted.

Results

Search Results
Study Selection
Of 1,234 records identified through databases and reg-

istries, 560 were duplicates, 384 were removed using the 
automation tool, and a further 206 were removed as non-
relevant after the screening of title and abstract or being 

Fig. 1. Forest plot displaying all pairwise comparisons for response 
to treatment. For each of the different pairs of treatments com-
pared, treatment 1 refers to the first drug, while treatment 2 refers 
to the second one.

(For figure see next page.)
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in a non-English language. Of the remaining 84 studies, 
68 were excluded following title and abstract screening, 
and a further one was excluded [31] because data were 
also used in another study [32]. In addition, of 65 records 
identified through citation searching, 13 were excluded 
after screening of title and abstract. Of the remaining 52, 
48 were removed as nonrelevant after retrieval. Thus, a 
total of 19 studies [1, 2, 32–48] comprising 758 infants 
were included and provided data suitable for meta-anal-
ysis (online suppl. Fig. 2).

Contribution of Machine Learning in Study Selection
A two-step process was followed. More specifically, af-

ter the initial search in the PubMed that resulted in the 
clustering of 581 abstracts, the most relevant ones (n = 
430) were kept while the rest were discarded (n = 88) or 
had to be manually inspected (n = 63). After re-clustering 
in the second step, only 134 abstracts were kept as the 
most relevant. These numbers were derived following ad-
justments made in terms of the number of groups and 
sparsity of the abstracts, so that to have the largest differ-
ence in cosine similarity between groups and, also, to be 
confident as to which abstract should be kept or discard-
ed. Eventually, 197 (134 + 63) abstracts were left for man-
ual inspection (34% of the total). This final group includ-
ed all relevant articles that have been evaluated in the 
present study (100% accuracy).

Study Characteristics
The main characteristics of the included studies are 

summarized in online supplementary Τable 3. All but one 
study included preterm infants.

Effects of Intervention
All trials included in the meta-analysis reported data 

on infant hypotension. Regarding response to treatment, 
pairwise comparisons revealed that dopamine had almost 
3 times higher odds of being more effective than dobuta-
mine for resolving hypotension (OR [95% CI] = 3.07 
[1.05, 8.93], I2 = 49%, 7 trials, 286 neonates). Similarly, 
dopamine was more effective than both plasma (OR [95% 
CI] = 23.22 [2.59, 208.61], 1 trial, 40 neonates) and pla-
cebo (OR [95% CI] = 33.00 [1.06, 1,023.66], 1 trial, 10 
neonates), and systemic corticosteroids were more effec-
tive than placebo (OR [95% CI] = 10.37 [2.60, 41.39], I2 = 
0%, 2 trials, 65 neonates) (Fig. 1).

Results from the pairwise comparisons for all-cause 
mortality and other secondary, clinical, and cardiovascu-
lar outcomes are shown in online supplementary Figures 
3–10. Most of the comparisons did not hold enough data 
for meta-analysis. For those outcomes where compari-
sons sufficed, most pooled effects were not statistically 
significant, with a few exceptions: dopamine when com-
pared to dobutamine significantly reduced both LVO 
(MD [95% CI] = −107.0 [−165.93, −48.07] mL/kg/min) 
and RVO (MD [95% CI] = −125.30 [−167.03, −83.57] 
mL/kg/min) (Fig. 2, 3, respectively). Similarly, dopamine 

Study
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Fig. 2. Forest plot displaying all pairwise comparisons for LVO. For each of the different pairs of treatments com-
pared, treatment 1 refers to the first drug, while treatment 2 refers to the second one.
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when compared to dobutamine significantly reduced 
SVC flow (MD [95% CI] = −17.6 [−34.22, −0.98] mL/kg/
min). Milrinone also reduced SVC flow when compared 
to placebo (MD [95% CI] = −5.00 [−9.20, −0.80] mL/kg/
min) (Fig. 4). Furthermore, dobutamine and milrinone 
increased heart rate when compared to placebo (MD 
[95% CI] = 14.90 [7.65, 22.15] and 9.00 [3.39, 14.61] 
beats/min for dobutamine and milrinone versus placebo, 
respectively) (Fig. 5). However, all these estimates were 
derived from single trials. It is worth noting that no dif-

ferences could be documented in mean BP when dopa-
mine was compared to dobutamine or epinephrine (on-
line suppl. Fig. 10).

Quality of Studies
Overall, the RoB was variable across comparisons. Do-

butamine was compared to dopamine in seven studies. 
Four of them raised concerns, one was deemed of high 
risk, and two of low risk. Dopamine compared with pla-
cebo raised some concerns in two studies and was of low 
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Fig. 3. Forest plot displaying all pairwise comparisons for RVO. For each of the different pairs of treatments com-
pared, treatment 1 refers to the first drug, while treatment 2 refers to the second one.

Fig. 4. Forest plot displaying all pairwise comparisons for SVC flow. For each of the different pairs of treatments 
compared, treatment 1 refers to the first drug, while treatment 2 refers to the second one.



Sarafidis et al.Biomed Hub 2022;7:70–7976
DOI: 10.1159/000525133

risk. Dopamine against no treatment or hydrocortisone 
was of low RoB, while when compared to epinephrine two 
studies were of low risk and the other was of high RoB. 
Dobutamine and dexamethasone against placebo were of 
low RoB, as was milrinone. The comparison between hy-
drocortisone and placebo was found to be of low RoB in 
one study and of high risk in the other. Plasma protein 
compared to dopamine as well as vasopressin against pla-
cebo raised concerns. Albumin against no treatment was 
tested in one study with low RoB.

Quality of Evidence
The quality of evidence according to GRADE was low 

to very low (online suppl.Τable 4), due to the many meth-
odological issues from the identified studies that might 
introduce bias.

Discussion

This systematic review and pairwise meta-analysis in-
volving 19 RCTs and 758 neonates was conducted in or-
der to compare the effectiveness of the vasoactive drugs 
used for the treatment of arterial hypotension in both pre-
term and term infants and to assess the overall size and 
quality of the existing evidence. Machine learning-assist-
ed screening of the literature was used in the study, ad-
ditionally to the current approach for study selection. 
There were three important findings from our analysis. 
First, only the comparison of dopamine versus dobuta-
mine provided evidence for effectiveness of treatment 
(restoration of normal BP) and was in favor of dopamine. 
Second, no safe conclusions could be reached with re-
spect to other treatments due to the limited number of 
RCTs and heterogeneity among them. Third, our investi-
gation confirmed the lack of adequate data from RCTs 
both in preterm and term infants on the management of 
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Fig. 5. Forest plot displaying all pairwise comparisons for heart rate. For each of the different pairs of treatments 
compared, treatment 1 refers to the first drug, while treatment 2 refers to the second one.
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hypotension in conditions other than the transition after 
birth in preterm newborns.

BP is determined by the cardiac output and systemic 
vascular resistance (SVR), so that BP = CO⋅SVR, and re-
mains the most frequently monitored indicator of neona-
tal circulatory status. In this pairwise meta-analysis, eight 
treatments were compared, with dopamine being the 
most used in 14 of the 19 studies evaluated, followed by 
dobutamine in eight studies. In any case, after analyzing 
7 RCTs involving 286 neonates, only the effectiveness of 
dopamine when compared to dobutamine for the resto-
ration of normal BP could be documented. Still, the qual-
ity of this evidence was very low (moderate effect size, CI 
[1.06–8.87]), a fact that should be taken into consider-
ation. We also found dopamine, when compared to do-
butamine, to significantly reduce all three measurements 
of systemic perfusion such as RVO, LVO, and SVC flow. 
In preterm neonates during the first postnatal days, due 
to the presence of cardiac shunts, systemic blood flow is 
significantly overestimated, thus explaining the weak 
positive associations between BP and LVO [49]. The mea-
surement of SVC flow has been proposed to overcome 
this disadvantage [50], given that the flow from the upper 
body and brain is evaluated without being affected by 
shunts. Unsurprisingly, our findings are in line with pre-
vious meta-analyses comparing dopamine to dobuta-
mine in hypotensive preterm infants, in which dopamine 
was found to lead to a greater increase in mean BP (pre-
sumably secondary to an increase in SVR but not in LVO), 
whereas dobutamine seemed to have a greater effect on 
LVO [12].

In the present meta-analysis, most studies involved 
very premature neonates with early cardiovascular insuf-
ficiency (online suppl. Table 3), apparently due to struc-
tural and developmental aspects of the cardiovascular 
system and the transitional changes that occur over the 
first weeks of life [51]. However, RCTs on the role of car-
diovascular medications in other neonatal conditions are 
alarmingly sparse. There is only one RCT by Baske et al. 
[48] (also included in the present meta-analysis), in which 
dopamine was compared to epinephrine in preterm neo-
nates with fluid-refractory septic shock. Similarly, the 
early study by DiSessa et al. [33] comparing dopamine 
versus dextrose/water to treat hypotension is the only 
published RCT in term neonates with severe perinatal as-
phyxia. Interestingly, various anti-hypotensive treat-
ments are regularly recommended by clinical guidelines 
for the hemodynamic support in septic [52, 53] or as-
phyxiated infants [54], despite the fact that there have 
been no comparisons between them for their effective-

ness, and all recommendations were classified as “weak,” 
based on low- or very low-quality evidence in pediatric 
studies. Our study further highlights the lack of strong 
evidence as to the most appropriate cardiovascular sup-
port in hypotensive neonates and, also, the need for dis-
ease-specific studies, despite all known difficulties in de-
sign and clinical application. Sepsis, necrotizing entero-
colitis, or hypoxic-ischemic encephalopathy are 
conditions of great clinical interest awaiting relevant an-
swers in the context of future RCTs. Nevertheless, the ev-
idence for the efficacy of cardiovascular drugs should not 
be based solely on data derived from biomarkers (e.g., 
blood lactate) and surrogate (e.g., BP and other hemody-
namic parameters) or hospitalization endpoints. Ideally, 
studies should also assess outcomes relevant to patients 
in the long term, such as survival at different time-points, 
chronic morbidities, and health-related quality of life 
(e.g., social functioning at school/work). As far we know, 
only one study by Pellicer et al. [55] assessed the impact 
of early cardiovascular support (dopamine or epineph-
rine vs. no treatment during the first 24 h of life) on the 
neurodevelopmental outcome of ex-preterm infants. No 
difference was documented between the groups at 2–3 
years of age [55].

Machine learning-assisted study selection was used 
in the present study as it provides extra credibility of the 
results. More specifically, the search for abstracts-pub-
lications that adhered to the study protocol was con-
ducted by a machine, using an automated unerring pro-
cedure to reach a result, reducing the number of ab-
stracts for manual inspection by 66%. Moreover, 
contrary to the most popular programs, the use of such 
a flexible, user-controlled program allowed 384 ab-
stracts to be discarded in less than 1 h. Otherwise, a 
manual inspection time of around 8 h would be needed 
(see relevant online suppl. material). Time saving on 
abstract screening is further improved as the number of 
abstracts gets larger.

The major limitation of this systematic review and me-
ta-analysis is that, due to the small size of the evidence and 
its scattering across several drugs and their combinations, 
we have a low degree of confidence in the results. Two 
factors could explain this fact: the presence of many out-
comes with very few studies addressing them as well as 
the wide and imbalanced CIs of the calculated effect esti-
mates. This may explain why regarding BP, for instance, 
only its restoration and mean BP were evaluated in the 
outcomes and not systolic/diastolic BP.
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Conclusions

In this systematic review and pairwise meta-analysis, 
only the comparison of dopamine versus dobutamine 
provided evidence for effectiveness of treatment in neo-
natal hypotension and was in favor of dopamine. No firm 
conclusions could be reached with respect to other treat-
ments due to the limited number of RCTs and the hetero-
geneity among them. Moreover, the majority of the exist-
ing RCTs involve infants with transitional hypotension 
early after birth. These facts warrant the need for future 
well-designed studies in very- and late-preterm neonates 
as well as in term infants with common conditions associ-
ated with hypotension, including sepsis, necrotizing en-
terocolitis, and hypoxic-ischemic encephalopathy, to de-
termine the optimal management of neonatal hypoten-
sion with regard to drug selection, underlying disease, 
and neonatal physiology.

Statement of Ethics

An ethics statement is not applicable because this study is based 
exclusively on published literature.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

The article processing charges were covered by the Research 
Committee (Eidikos Logariasmos Kondylion Erevnas) of the Ar-
istotle University of Thessaloniki. The funders had no role in study 
design, data collection and analysis, decision to publish, or prepa-
ration of the manuscript.

Author Contributions

Kosmas Sarafidis and Anna-Bettina Haidich contributed to the 
study conception and design; Kosmas Sarafidis, Eleni Verykouki, 
and Fani Apostolidou-Kiouti drafted the article; Stefanos Niko-
poulos, Eleni Verykouki, Eleni Agakidou, and Aggeliki Kontou 
collected literature; Theodoros Diakonidis evaluated the unsuper-
vised learning techniques for automated publication selection; Ele-
ni Verykouki, Fani Apostolidou-Kiouti, and Stefanos Nikopoulos 
evaluated the articles; Eleni Verykouki and Fani Apostolidou-Ki-
outi analyzed data and visualized the figures; Eleni Agakidou con-
structed the online supplementary Tables; and Kosmas Sarafidis 
and Anna-Bettina Haidich critically revised the article. Each au-
thor approved the article for submission.

Data Availability Statement

All data generated or analyzed during this study are included 
in this article and its online supplementary material. Furthermore, 
a spreadsheet with the data extracted for the analysis can be pro-
vided by the corresponding author upon request.

References

 1 Rios DR, Kaiser JR. Vasopressin versus dopa-
mine for treatment of hypotension in ex-
tremely low birth weight infants:  a random-
ized, blinded pilot study. J Pediatr. 2015 Apr; 

166(4): 850–5.
 2 Dempsey EM, Barrington KJ, Marlow N, 

O’Donnell CPF, Miletin J, Naulaers G, et al. 
Hypotension in Preterm Infants (HIP) ran-
domised trial. Arch Dis Child Fetal Neonatal 
Ed. 2021 Jul; 106(4): 398–403.

 3 Burns ML, Stensvold HJ, Risnes K, Guthe HJ, 
Astrup H, Nordhov SM, et al. Inotropic ther-
apy in newborns, a population-based national 
registry study. Pediatr Crit Care Med. 2016 
Oct; 17(10): 948–56.

 4 Martens SE, Rijken M, Stoelhorst GMSJ, van 
Zwieten PHT, Zwinderman AH, Wit JM, et al. 
Is hypotension a major risk factor for neuro-
logical morbidity at term age in very preterm 
infants? Early Hum Dev. 2003 Dec; 75(1–2): 

79–89.
 5 Durrmeyer X, Marchand-Martin L, Porcher 

R, Gascoin G, Roze J-C, Storme L, et al. Ab-
stention or intervention for isolated hypoten-

sion in the first 3 days of life in extremely pre-
term infants:  association with short-term out-
comes in the EPIPAGE 2 cohort study. Arch 
Dis Child Fetal Neonatal. 2017 Nov; 102(6): 

490–6.
 6 Samuels N, van de Graaf RA, de Jonge RCJ, 

Reiss IKM, Vermeulen MJ. Risk factors for 
necrotizing enterocolitis in neonates:  a sys-
tematic review of prognostic studies. BMC 
Pediatr. 2017 Apr; 17(1): 105.

 7 Bestati N, Leteurtre S, Duhamel A, Proulx F, 
Grandbastien B, Lacroix J, et al. Differences in 
organ dysfunctions between neonates and 
older children:  a prospective, observational, 
multicenter study. Crit Care Lond Engl. 2010; 

14(6): R202.
 8 Faust K, Härtel C, Preuß M, Rabe H, Roll C, 

Emeis M, et al. Short-term outcome of very-
low-birthweight infants with arterial hypo-
tension in the first 24 h of life. Arch Dis Child 
Fetal Neonatal Ed. 2015 Sep; 100(5): F388–92.

 9 Batton B, Zhu X, Fanaroff J, Kirchner HL, 
Berlin S, Wilson-Costello D, et al. Blood pres-
sure, anti-hypotensive therapy, and neurode-

velopment in extremely preterm infants. J Pe-
diatr. 2009 Mar; 154(3): 351–7.e1.

10 Han YY, Carcillo JA, Dragotta MA, Bills DM, 
Watson RS, Westerman ME, et al. Early rever-
sal of pediatric-neonatal septic shock by com-
munity physicians is associated with improved 
outcome. Pediatrics. 2003 Oct; 112(4): 793–9.

11 Fairchild KD, Schelonka RL, Kaufman DA, 
Carlo WA, Kattwinkel J, Porcelli PJ, et al. Sep-
ticemia mortality reduction in neonates in a 
heart rate characteristics monitoring trial. Pe-
diatr Res. 2013 Nov; 74(5): 570–5.

12 Subhedar NV, Shaw NJ. Dopamine versus do-
butamine for hypotensive preterm infants. 
Cochrane Database Syst Rev. 2003; (3): 

CD001242.
13 Joynt C, Cheung PY. Treating hypotension in 

preterm neonates with vasoactive medica-
tions. Front Pediatr. 2018; 6: 86.

14 Shivanna B, Rios D, Rossano J, Fernandes CJ, 
Pammi M. Vasopressin and its analogues for 
the treatment of refractory hypotension in ne-
onates. Cochrane Database Syst Rev. 2013 
Mar; (3): CD009171.

https://www.karger.com/Article/FullText/525133?ref=1#ref1
https://www.karger.com/Article/FullText/525133?ref=2#ref2
https://www.karger.com/Article/FullText/525133?ref=2#ref2
https://www.karger.com/Article/FullText/525133?ref=3#ref3
https://www.karger.com/Article/FullText/525133?ref=4#ref4
https://www.karger.com/Article/FullText/525133?ref=5#ref5
https://www.karger.com/Article/FullText/525133?ref=5#ref5
https://www.karger.com/Article/FullText/525133?ref=6#ref6
https://www.karger.com/Article/FullText/525133?ref=6#ref6
https://www.karger.com/Article/FullText/525133?ref=7#ref7
https://www.karger.com/Article/FullText/525133?ref=8#ref8
https://www.karger.com/Article/FullText/525133?ref=8#ref8
https://www.karger.com/Article/FullText/525133?ref=9#ref9
https://www.karger.com/Article/FullText/525133?ref=9#ref9
https://www.karger.com/Article/FullText/525133?ref=10#ref10
https://www.karger.com/Article/FullText/525133?ref=11#ref11
https://www.karger.com/Article/FullText/525133?ref=11#ref11
https://www.karger.com/Article/FullText/525133?ref=12#ref12
https://www.karger.com/Article/FullText/525133?ref=13#ref13
https://www.karger.com/Article/FullText/525133?ref=14#ref14


Meta-Analysis of Cardiovascular 
Medications in Hypotensive Neonates

79Biomed Hub 2022;7:70–79
DOI: 10.1159/000525133

15 Ibrahim H, Sinha IP, Subhedar NV. Cortico-
steroids for treating hypotension in preterm 
infants. Cochrane Database Syst Rev. 2011 
Dec; (12): CD003662.

16 Garvey AA, Kooi EMW, Dempsey EM. Ino-
tropes for preterm infants:  50 years on are we 
any wiser? Front Pediatr. 2018; 6: 88.

17 Dempsey EM, Barrington KJ. Treating hypo-
tension in the preterm infant:  when and with 
what – a critical and systematic review. J Per-
inatol. 2007 Aug; 27(8): 469–78.

18 Bhayat SI, Gowda HM, Eisenhut M. Should 
dopamine be the first line inotrope in the 
treatment of neonatal hypotension? Review of 
the evidence. World J Clin Pediatr. 2016 May; 

5(2): 212–22.
19 Xiong Z, Liu T, Tse G, Gong M, Gladding PA, 

Smaill BH, et al. A machine learning aided 
systematic review and meta-analysis of the 
relative risk of atrial fibrillation in patients 
with diabetes mellitus. Front Physiol. 2018; 9: 

835.
20 R Core Team. European Environment Agen-

cy. 2020 [cited 2021 Nov 22]. Available from:  
https: //www.eea.europa.eu/data-and-maps/
indicators/oxygen-consuming-substances-
in-rivers/r-development-core-team-2006.

21 James G, Witten D, Hastie T, Tibshirani R. An 
introduction to statistical learning:  with ap-
plications in R. New York:  Springer-Verlag;  
2013.

22 Page MJ, McKenzie JE, Bossuyt PM, Boutron 
I, Hoffmann TC, Mulrow CD, et al. The PRIS-
MA 2020 statement:  an updated guideline for 
reporting systematic reviews. BMJ. 2021 Mar; 

372: n71.
23 Wan X, Wang W, Liu J, Tong T. Estimating 

the sample mean and standard deviation from 
the sample size, median, range and/or inter-
quartile range. BMC Med Res Methodol. 2014 
Dec; 14: 135.

24 Greco T, Biondi-Zoccai G, Saleh O, Pasin L, 
Cabrini L, Zangrillo A, et al. The attractive-
ness of network meta-analysis:  a comprehen-
sive systematic and narrative review. Heart 
Lung Vessels. 2015; 7(2): 133–42.

25 Sweeting MJ, Sutton AJ, Lambert PC. What to 
add to nothing? Use and avoidance of conti-
nuity corrections in meta-analysis of sparse 
data. Stat Med. 2004 May; 23(9): 1351–75.

26 Higgins JP, Thompson SG, Deeks JJ, Altman 
DG. Measuring inconsistency in meta-analy-
ses. BMJ. 2003 Sep; 327(7414): 557–60.

27 Higgins JPT, Altman DG, Gøtzsche PC, Jüni 
P, Moher D, Oxman AD, et al. The Cochrane 
Collaboration’s tool for assessing risk of bias 
in randomised trials. BMJ. 2011 Oct; 343: 

d5928.
28 Salanti G. Indirect and mixed-treatment 

comparison, network, or multiple-treatments 
meta-analysis:  many names, many benefits, 
many concerns for the next generation evi-
dence synthesis tool. Res Synth Methods. 
2012; 3(2): 80–97.

29 Sterne JAC, Savović J, Page MJ, Elbers RG, 
Blencowe NS, Boutron I, et al. RoB 2:  a revised 
tool for assessing risk of bias in randomised 
trials. BMJ. 2019 Aug; 366: l4898.

30 Guyatt GH, Oxman AD, Vist GE, Kunz R, 
Falck-Ytter Y, Alonso-Coello P, et al. GRADE:  
an emerging consensus on rating quality of 
evidence and strength of recommendations. 
BMJ. 2008 Apr; 336(7650): 924–6.

31 Valverde E, Pellicer A, Madero R, Elorza D, 
Quero J, Cabañas F. Dopamine versus epi-
nephrine for cardiovascular support in low 
birth weight infants:  analysis of systemic ef-
fects and neonatal clinical outcomes. Pediat-
rics. 2006 Jun; 117(6): e1213–22.

32 Pellicer A, Valverde E, Elorza MD, Madero R, 
Gayá F, Quero J, et al. Cardiovascular support 
for low birth weight infants and cerebral he-
modynamics:  a randomized, blinded, clinical 
trial. Pediatrics. 2005 Jun; 115(6): 1501–12.

33 DiSessa TG, Leitner M, Ti CC, Gluck L, Coen 
R, Friedman WF. The cardiovascular effects 
of dopamine in the severely asphyxiated neo-
nate. J Pediatr. 1981 Nov; 99(5): 772–6.

34 Gill AB, Weindling AM. Randomised con-
trolled trial of plasma protein fraction versus 
dopamine in hypotensive very low birth-
weight infants. Arch Dis Child. 1993 Sep; 69(3 
Spec No): 284–7.

35 Greenough A, Emery EF. Randomized trial 
comparing dopamine and dobutamine in 
preterm infants. Eur J Pediatr. 1993 Nov; 

152(11): 925–7.
36 Rozé JC, Tohier C, Maingueneau C, Lefèvre 

M, Mouzard A. Response to dobutamine and 
dopamine in the hypotensive very preterm in-
fant. Arch Dis Child. 1993 Jul; 69(1 Spec No): 

59–63.
37 Klarr JM, Faix RG, Pryce CJ, Bhatt-Mehta V. 

Randomized, blind trial of dopamine versus 
dobutamine for treatment of hypotension in 
preterm infants with respiratory distress syn-
drome. J Pediatr. 1994 Jul; 125(1): 117–22.

38 Hentschel R, Hensel D, Brune T, Rabe H, 
Jorch G. Impact on blood pressure and intes-
tinal perfusion of dobutamine or dopamine in 
hypotensive preterm infants. Biol Neonate. 
1995; 68(5): 318–24.

39 Bourchier D, Weston PJ. Randomised trial of 
dopamine compared with hydrocortisone for 
the treatment of hypotensive very low birth-
weight infants. Arch Dis Child Fetal Neonatal 
Ed. 1997 May; 76(3): F174–8.

40 Gaissmaier RE, Pohlandt F. Single-dose dexa-
methasone treatment of hypotension in pre-
term infants. J Pediatr. 1999 Jun; 134(6): 701–
5.

41 Ruelas-Orozco G, Vargas-Origel A. Assess-
ment of therapy for arterial hypotension in 
critically ill preterm infants. Am J Perinatol. 
2000; 17(2): 95–9.

42 Osborn D, Evans N, Kluckow M. Random-
ized trial of dobutamine versus dopamine in 
preterm infants with low systemic blood flow. 
J Pediatr. 2002 Feb; 140(2): 183–91.

43 Ng PC, Lee CH, Bnur FL, Chan IHS, Lee 
AWY, Wong E, et al. A double-blind, ran-
domized, controlled study of a “stress dose” of 
hydrocortisone for rescue treatment of refrac-
tory hypotension in preterm infants. Pediat-
rics. 2006 Feb; 117(2): 367–75.

44 Filippi L, Pezzati M, Poggi C, Rossi S, Cecchi 
A, Santoro C. Dopamine versus dobutamine 
in very low birthweight infants:  endocrine ef-
fects. Arch Dis Child Fetal Neonatal Ed. 2007 
Sep; 92(5): F367–71.

45 Paradisis M, Evans N, Kluckow M, Osborn D. 
Randomized trial of milrinone versus placebo 
for prevention of low systemic blood flow in 
very preterm infants. J Pediatr. 2009 Feb; 

154(2): 189–95.
46 Hochwald O, Palegra G, Osiovich H. Adding 

hydrocortisone as 1st line of inotropic treat-
ment for hypotension in very low birth weight 
infants. Indian J Pediatr. 2014 Aug; 81(8): 

808–10.
47 Bravo MC, López-Ortego P, Sánchez L, Riera 

J, Madero R, Cabañas F, et al. Randomized, 
placebo-controlled trial of dobutamine for 
low uperior vena cava flow in infants. J Pedi-
atr. 2015 Sep; 167(3): 572–8.e1-2.

48 Baske K, Saini SS, Dutta S, Sundaram V. Epi-
nephrine versus dopamine in neonatal septic 
shock:  a double-blind randomized controlled 
trial. Eur J Pediatr. 2018 Sep; 177(9): 1335–42.

49 Kluckow M, Evans N. Relationship between 
blood pressure and cardiac output in preterm 
infants requiring mechanical ventilation. J 
Pediatr. 1996 Oct; 129(4): 506–12.

50 Kluckow M, Evans N. Superior vena cava flow 
in newborn infants:  a novel marker of system-
ic blood flow. Arch Dis Child Fetal Neonatal 
Ed. 2000 May; 82(3): F182–7.

51 Schwarz CE, Dempsey EM. Management of 
neonatal hypotension and shock. Semin Fetal 
Neonatal Med. 2020 Oct; 25(5): 101121.

52 Davis AL, Carcillo JA, Aneja RK, Deymann 
AJ, Lin JC, Nguyen TC, et al. American Col-
lege of Critical Care Medicine clinical practice 
parameters for hemodynamic support of pe-
diatric and neonatal septic shock. Crit Care 
Med. 2017 Jun; 45(6): 1061–93.

53 Weiss SL, Peters MJ, Alhazzani W, Agus 
MSD, Flori HR, Inwald DP, et al. Surviving 
Sepsis Campaign international guidelines for 
the management of septic shock and sepsis-
associated organ dysfunction in children. Pe-
diatr Crit Care Med. 2020 Feb; 21(2): e52–106.

54 Joynt C, Cheung PY. Cardiovascular support-
ive therapies for neonates with asphyxia:  a lit-
erature review of pre-clinical and clinical 
studies. Front Pediatr. 2018; 6: 363.

55 Pellicer A, Bravodel MC, Madero R, Salas S, 
Quero J, Cabañas F. Early systemic hypoten-
sion and vasopressor support in low birth 
weight infants:  impact on neurodevelopment. 
Pediatrics. 2009 May; 123(5): 1369–76.

https://www.karger.com/Article/FullText/525133?ref=15#ref15
https://www.karger.com/Article/FullText/525133?ref=16#ref16
https://www.karger.com/Article/FullText/525133?ref=17#ref17
https://www.karger.com/Article/FullText/525133?ref=17#ref17
https://www.karger.com/Article/FullText/525133?ref=18#ref18
https://www.karger.com/Article/FullText/525133?ref=19#ref19
https://www.karger.com/Article/FullText/525133?ref=21#ref21
https://www.karger.com/Article/FullText/525133?ref=21#ref21
https://www.karger.com/Article/FullText/525133?ref=22#ref22
https://www.karger.com/Article/FullText/525133?ref=23#ref23
https://www.karger.com/Article/FullText/525133?ref=24#ref24
https://www.karger.com/Article/FullText/525133?ref=24#ref24
https://www.karger.com/Article/FullText/525133?ref=25#ref25
https://www.karger.com/Article/FullText/525133?ref=26#ref26
https://www.karger.com/Article/FullText/525133?ref=27#ref27
https://www.karger.com/Article/FullText/525133?ref=28#ref28
https://www.karger.com/Article/FullText/525133?ref=29#ref29
https://www.karger.com/Article/FullText/525133?ref=30#ref30
https://www.karger.com/Article/FullText/525133?ref=31#ref31
https://www.karger.com/Article/FullText/525133?ref=31#ref31
https://www.karger.com/Article/FullText/525133?ref=32#ref32
https://www.karger.com/Article/FullText/525133?ref=33#ref33
https://www.karger.com/Article/FullText/525133?ref=34#ref34
https://www.karger.com/Article/FullText/525133?ref=35#ref35
https://www.karger.com/Article/FullText/525133?ref=36#ref36
https://www.karger.com/Article/FullText/525133?ref=37#ref37
https://www.karger.com/Article/FullText/525133?ref=38#ref38
https://www.karger.com/Article/FullText/525133?ref=39#ref39
https://www.karger.com/Article/FullText/525133?ref=39#ref39
https://www.karger.com/Article/FullText/525133?ref=40#ref40
https://www.karger.com/Article/FullText/525133?ref=41#ref41
https://www.karger.com/Article/FullText/525133?ref=42#ref42
https://www.karger.com/Article/FullText/525133?ref=43#ref43
https://www.karger.com/Article/FullText/525133?ref=43#ref43
https://www.karger.com/Article/FullText/525133?ref=44#ref44
https://www.karger.com/Article/FullText/525133?ref=45#ref45
https://www.karger.com/Article/FullText/525133?ref=46#ref46
https://www.karger.com/Article/FullText/525133?ref=47#ref47
https://www.karger.com/Article/FullText/525133?ref=47#ref47
https://www.karger.com/Article/FullText/525133?ref=48#ref48
https://www.karger.com/Article/FullText/525133?ref=49#ref49
https://www.karger.com/Article/FullText/525133?ref=49#ref49
https://www.karger.com/Article/FullText/525133?ref=50#ref50
https://www.karger.com/Article/FullText/525133?ref=50#ref50
https://www.karger.com/Article/FullText/525133?ref=51#ref51
https://www.karger.com/Article/FullText/525133?ref=51#ref51
https://www.karger.com/Article/FullText/525133?ref=52#ref52
https://www.karger.com/Article/FullText/525133?ref=52#ref52
https://www.karger.com/Article/FullText/525133?ref=53#ref53
https://www.karger.com/Article/FullText/525133?ref=53#ref53
https://www.karger.com/Article/FullText/525133?ref=54#ref54
https://www.karger.com/Article/FullText/525133?ref=55#ref55

