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Abstract
Background: Extracorporeal membrane oxygenation (ECMO) has been increasingly used for severe neonatal respiratory
failure refractory to conventional treatments. To systematically evaluate the complications and mortality of venovenous
ECMO in the treatment of neonatal respiratory failure, we performed a systematic review and meta-analysis of all the
related studies.

Methods: PubMed, Embase, and Cochrane Library were searched. The retrieval period was from the establishment of the
database to February 2019. Two investigators independently screened articles according to the inclusion and exclusion
criteria. The quality of article was assessed by the Newcastle-Ottawa scale (NOS). The meta-analysis was performed by
Stata 15.0 software.

Results: Four observational studies were included, with a total of 347 newborns. The overall mortality at hospital charge
was 12% (5% - 18%) with a heterogeneity of I2 = 73.8% (p = 0.01). Two studies reported mortality during ECMO and after
decannulation, with 10% (0.8% -19.2%) and 6.1% (2.6% - 9.6%) respectively. The most common complications associated
with venovenous ECMO were: pneumothorax (20.6%), hypertension (20.4%), cannula dysfunction (20.2%), seizure
(14.9%), renal failure requiring hemo�ltration (14.7%), infectious complications (10.3%), thrombi (7.4%), intracranial
hemorrhage or infarction (6.6%), hemolysis (5.3%), cannula site bleeding (4.4%), gastrointestinal bleeding (3.7%),
oxygenator failure (2.8%), other bleeding events (2.8%), brain death (1.9%), and myocardial stun (0.9%).

Conclusion: The overall mortality at discharge of venovenous ECMO in the treatment of neonatal respiratory failure was
12%. Although complications are frequent, the survival rate during hospitalization is still high. Further larger samples and
higher quality of randomized controlled trials (RCT) are needed to clarify the e�cacy and safety of this technique in the
treatment of neonatal respiratory failure.

Background
Severe neonatal respiratory failure is associated with substantial mortality [1–2]. Despite the great development of
mechanical management and some other conventional therapies, mortality is still high, and prognosis of neonates with
extremely low oxygenation is especially poor [3]. And some complications such as ventilator-induced lung injury caused
by mechanical ventilation may also affect the prognosis in return [4].

Extracorporeal membrane oxygenation (ECMO), also knows as extracorporeal life support (ECLS), is an important
method for the treatment of neonatal respiratory failure refractory to high-frequency ventilation (HFV), pulmonary
surfactant replacement, nitric oxide (NO) inhalation, and other conventional treatments [5–7].

During ECMO, blood is withdrawn from patient’s body into a membrane oxygenator (arti�cial lung), where carbon dioxide
is removed and oxygen is added. After heated to appropriate temperature, the oxygenated blood is then returned to a
major vein or artery [8]. Nowadays, ECMO is used to treat various reversible neonatal diseases, the most common
diagnoses aresuch as meconium aspiration syndrome (MAS), neonatal persistent pulmonary hypertension (PPHN), and,
congenital diaphragmatic hernia (CDH), sepsis/pneumonia, respiratory distress syndrome (RDS), and so on [6,9]. Along
with the development of new therapies such as high-frequency oscillatory ventilation (HFOV), exogenous surfactant
therapy, and inhaled nitric oxide (iNO), fewer patients with MAS, PPHN and RDS are supported by ECMO [8–10]. Even so,
the survival rate of neonates with MAS has been sustained highest, approximately 94%. The survival rates of neonates
with RDS and PPHN come to the next, with 84% and 77%, respectively. Whereas patients with CDH had the worst survival
in this cohort of patients, approximately 51% [6]. Conversely, increasing numbers of patients with CDH and other complex
primary diagnoses are supported by ECMO during the last years, which means there exists a more critically ill situation
needing increasingly complicated and lengthy ECMO runs in this group of patients. It provides temporary
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cardiopulmonary support by replacing the cardiac and/or pulmonary function, which allows patients to win the time to
recover. Compared to other age groups, the survival rate for neonatal extracorporeal membrane oxygenation is the
highest [10]. There are two primary modes of ECMO for neonates: venoarterial extracorporeal membrane oxygenation (VA
ECMO), the oxygenated blood returns to the arterial circulation, typically into the aorta; and venovenous extracorporeal
membrane oxygenation (VV ECMO), the oxygenated blood returns to the venous system, typically into the right atrium
[11]. Although VA ECMO is widely used in neonatal respiratory failure [6], it requires the ligation of the right carotid artery,
thus risk the thrombi in the circuit [12]. While VV ECMO spares the carotid artery, �lters any thrombi through pulmonary
bed, receives highly oxygenated blood for the pulmonary circulation, and shortens the cannulation time [12]. These
advantages make it more popular for neonatal respiratory failure over the years.

Since the extracorporeal Life Support Organization (ELSO) was built in 1989, until January 2019, more than 112,231
patients around the world have received ECMO, including 31,591 newborns who have received ECMO for respiratory
diseases [1113]. The application of VV ECMO increased gradually in recent years. The withdrawal rate during
hospitalization was 87%, and the survival rate at discharge was 73% in this group [13]. The ELSO database also showed
a higher use rate of VA ECMO (73%) compared to VV ECMO (27%) for neonatal respiratory support [14]. However, the
application of VV ECMO increased gradually in recent years, and the overall survival rate of VV ECMO was higher than
that of VA ECMO [14].

There are many clinical studies on VV ECMO in the treatment of neonatal respiratory failure worldwide, most of them
were registered in the ELSO database. However, for the unselected centers, a systematic review and meta-analysis about
the complications and mortality associated with VV ECMO is still lacking. In this study, we aimedbut a systematic review
and meta-analysis in this �eld is still lacking. The aim of this study is to evaluate the incidence of complications and in-
hospital mortality of VV ECMO in the treatment of neonatal respiratory failure for these unselected patients.

Methods
Literature search

We conducted a systematic review and meta-analysis in accordance with Meta-analysis of Observational Studies in
Epidemiology (MOOSE) and the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines
[1315–1416]. Pubmed, Embase, and Cochrane library were searched systematically for articles reporting on VV ECMO in
the treatment of neonatal respiratory failure. The retrieval period was from the establishment of the database to February
2019. We used Mesh terms with the following search strategies: (“extracorporeal membrane oxygenation” OR
“Oxygenators, membrane”) AND (“Adult respiratory distress syndrome” OR “Respiratory insu�ciency”) AND “infant,
newborn”. Language was restricted to English only. We also searched references of included articles to identify additional
studies. Two investigators reviewed the citations independently.

Selection criteria

The title and abstract of citations were screened initially and full text was reviewed with the following inclusion criteria:
(a) randomized and quasi-randomized controlled trials or observational studies; (b) Neonates with respiratory failure; (c)
receiving VV ECMO, if VV ECMO and VA ECMO mixed, only studies reporting on independent outcomes for each mode
were included, or the percentage of VA ECMO usage rate in the study was less than 10%, which produced negligible effect
on the statistical analysis. (d) reporting on complications and mortality during hospitalization. (e) neonates more than
50. Articles thatwhich met all the inclusion criteria were included. Exclusion criteria including: (a) Case report, review,
conference abstract, animal experiment, systematic review, meta-analysis and so on; (b) duplicated studies; (c) studies
registered in ELSO database; (d) less than 50 patients; (e) studies without available outcomes of interest. The
corresponding authors were contacted to request additional data.
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Data extraction and quality assessment

Two investigators (JX and LZ) performed data extraction independently, disagreements were settled by a third
investigator (LB). The inclusion and exclusion criteria were strictly followed in the process of literature screening. The
following data were collected: demographic data of patients, features of included studies, procedural details and
equipment informations of ECMO including maximum cannula size, pump type, oxygenator type, cannula type and so on.
The main outcomes of interest included mortality during ECMO or at discharge and incidence of complications. We used
the NOS to evaluate the quality of the included studies [1517].

Statistic analysis

We used Stata15.0 software for statistic analysis to quantitatively synthesize the mortality rate and complication rate
during hospitalization. The results were presented as a summary point estimate (in %) with 95% con�dential
intervalinternal (CI). The heterogeneity between the studies was analyzed by the chi-square test, and was quantitatively
determined by I2. The published guidelines quantify heterogeneityvalues as three levels: low (I2 = 25%–49%), moderate (I2

= 50%–74%), and high (I2 ≥75%) [1618]. A random-effects model using DerSimonian and Laird method for variance
estimator was performed to report results. Statistic signi�cance was set at a P less than 0.05 (two- tailed).

Results
Study selection

1263 studies (564 in Pubmed, 665 in Embase, 34 in Cochrane library) were initially reviewed and 4 studies were �nally
included with a total of 347 patients [1719–2022] (Fig. 1). We excluded the studies registered in the ELSO database to
avoid overlapping with studies from the original centerre. All the included studies were single center or multicenter
observational studies, which were implemented in Europe or the United States and published in English. NOS was used to
perform quality assessment since all the studies were non-RCTs. Two studies got 6 stars [1719,2022], and two studies
got 8 stars [1820,1921], which demonstrated a high quality for each study.

Study Characteristics

Demographic data of patients, features of included studies, Procedural details and equipment informations of ECMO are
presented respectively in Table1, Table2, and Table3. Three3 single center retrospective studies and one multicenter
retrospective study were found. Two studies were performed 20 years ago, when polymethylpenthene hollow �ber
membranes technology wasere not available. All included studies reported complications and mortality of VV ECMO in
the treatment of severe neonatal respiratory failure. Underlying diseases leading to respiratory failure were variable, most
often included meconium aspiration syndrome and persistent pulmonary hypertension. Three studies included only VV
ECMO patients, while the remaining study included patients in combination withof VV ECMO and VA ECMO. Outcomes
were not reported independently in this study, but the proportion of patients received solely VV ECMO was more the 90%.

Mortality to hospital discharge ranged from 6% to 21%, and pooled mortality at hospital discharge was 12% (5% - 18%)
with a heterogeneity of I2 = 73.8% (p = 0.01) (Fig. 2). Two studies reported mortality during ECMO and after
decannulation, with 10% (0.8% –19.2%) and 6.1% (2.6% - 9.6%) respectively. Complications occurred during
hospitalization including pneumothorax (20.6%), hypertension (20.4%), cannula dysfunction (20.2%), seizure (14.9%),
renal failure requiring hemo�ltration (14.7%), infectious complications (10.3%), thrombi (7.4%), intracranial hemorrhage
or infarction (6.6%), hemolysis (5.3%), cannula site bleeding (4.4%), gastrointestinal bleeding (3.7%), oxygenator failure
(2.8%), other bleeding events (2.8%), brain death (1.9%), and myocardial stun (0.9%) (Table 4).

Subgroup analysis
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Racial group, publication year, maximum cannula size, and age at the beginning of ECMO might be sources of
heterogeneity between studies. So we performed subgroup analysis from these four aspects ( Fig. 3, Fig. 4, Fig. 5, Fig.
6) . The results showed that maximum cannula size and age at the beginning of ECMO were sources of heterogeneity
between studies, while racial group and publication year were not sources of heterogeneity between studies. BesidesIn
addition, the heterogeneity between studies might also originate in disease severity, ECMO equipment type, medical
center’s level, the experience of the medical staff who operatesing ECMO, and some other factors.

Because the included studies are fewer, we didn’t perform meta-regression analysis and publication bias.

Discussion
Our study showed that the survival rate of neonates with respiratory failure after receiving VV ECMO treatment was as
high as 88% at hospital discharge, even higher than that (73%) of neonates with respiratory failure treated by ECMO
according to ELSO registry report in January 2019 [1113]. The reason might be that the data of ELSO come from the
mixed population of VA ECMO and VV ECMO, and the patients who received VA ECMO mostly had hemodynamic
instability and needed cardiac support, thus reduce the survival rate. According to the ELSO database, the survival rate of
VA ECMO in the treatment of neonatal respiratory failure between 2012 and 2017 was 70%, while that of VV ECMO was
80% [1214].

Our results also showed that among the included studies, the mortality rate of patients in the Kkugdman et al’s [1820]
study was lowest, while that in the Chevalier et al’s [2022] study was highest,. which was consistent with the ELSO
database record. According to the ELSO database, neonates with MAS have the highest survival rate, with PPHN and
CDH coming up next [6]. On one hand, neonates with MAS enrolled in the Kkugdman et al’s study might have more stable
respiratory status, plus some new treatment modalities (NO, HFV, surfactant) were used and the ECMO team was more
experienced during this time, thus improve the survival rate. On another hand, in the Chevalier et al’s study, cannula
applied on neonates was small, which means this group of neonates were small, and at that time ECMO equipment was
not advanced, team of VV ECMO was not so experienced, these factors might result in the relatively high mortality of this
study.

Since a double-lumen catheter was designed in 1989, VV ECMO was increasingly used in neonatal respiratory failure, and
ligation of the carotid artery was avoided [2123–2224]. Over the years, many studies have reported the bene�ts of VV
ECMO for neonatal respiratory failure. Roberts et al [2325] in a single center study compared double-lumen venovenous
extracorporeal membrane oxygenation with cephalic draining cannula (VVDL+V ECMO) with data as collected in the
ELSO database, with survival rate of 89.1% and 68.7%, respectively. They concluded that VVDL+V approach was
associated with improved survival and lower rates of complication as compared with the ELSO database. Fukuda et al
[2426] also compared VA with VV access in the cerebral circulation of newborn infants during extracorporeal membrane
oxygenation, the results showed that neonates with severe pulmonary failure can be effectively supported by VV ECMO.
In addition to stable hemodynamics of the brain compared with VA ECMO, it has advantages in myocardial and
pulmonary vascular oxygenation, resulting in favorable cerebral hemodynamics. Moreover, many studies have showed
that VV ECMO compared favorably to VA ECMO for cardiovascular support [2527–2628]. Several other previous studies
have also showed that VV ECMO was associated to lower rates of neurologic complications as compared with VA ECMO
[213,2729–2830]. Some potential advantages of VV ECMO over VA ECMO might explain the results. During VV ECMO,
ligation of arteries was avoided, pulmonary circulation and coronary artery perfusion were maintained well, thus left
ventricular afterload was reduced.

An overall survival of 88% was seen in the 347 neonates, higher than that of other age groups treated with VV perfusion
according to the ELSO database. In addition to the baseline characteristics, many other factors could explain it. Firstly,
the development of perinatology, such as intrapartum antimicrobial prophylaxis for Group B Strep (GBS)-colonized
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women, has greatly decreased the incidence of invasive early-onset GBS disease, contributing to the less severe status of
the neonates [29]. Secondly, as patients with MAS, RDS and PPHN have a good response to supplemental therapies such
as pulmonary surfactant and iNO, their recovery process has been accelerated accordingly. For neonatal ECMO, the most
common diagnoses are congenital diaphragmatic hernia (CDH), meconium aspiration syndrome (MAS), and persistent
pulmonary hypertension (PPHN), accounting for almost 75% of all neonatal respiratory ECMO cases [12]. Whilst for
pediatric ECMO and adult ECMO, the most common diagnoses are pneumonia and ARDS [6]. However, the above studies
of neonatal ECMO were performed in the pre-ARDS era, in which ARDS was usually considered as neonatal RDS, and
surfactant was therefore used repeatedly. So far no studies have shown the bene�cial effects of surfactant for adult and
pediatric ARDS. This might explain the lower survival rate of pediatric and adult ECMO for respiratory failure. In 2017, the
international ARDS collaborative group provided the �rst consensus de�nition for neonatal ARDS [30]. Actually, ARDS
and RDS are two signi�cant different diseases with different reactions to surfactant, and they should be therefore
diagnosed and compared independently. Importantly, mortality rate is also associated with other factors like annual
hospital ECMO volume for neonates and adults but not for pediatric cases [31].

In our study,However, a signi�cant number of system-related complications, including mechanical complications,
bleeding, pneumothorax, hypertension, seizure, renal failure, hemorrhage and so on, still occurred on patients during
hospitalization, which had a deep impact on survival and long-term outcomes. According to ELSO registry data, the most
common complication that occurred during ECLS for neonates with respiratory failure is mechanical complication,
including clots in the ECMO circuit (oxygenator, bladder, hemo�lter, or other)[6], which is consistent with our study results.
Bleeding and clots complications are multifactorial, and the rates of that during ECMO have increased since 2000. This
trend can not be solely explained by the evolution of anticoagulation management strategies. Since some reports
showed that ACT range of 180–220 was used by the majority of ECMO centers from 1996 to 2002, and this was
unchanged until 2008 [32–34]. Both patients and circuit related factors might be the relative causes, such as the
underlying patient pathophysiology could increase the risk of hemorrhage. Even though there exists a lack of research
and evidence of an ideal test of anticoagulation for patients, continuous unfractionated heparin and close monitoring of
anticoagulation are still required to reduce the risk of thrombosis and hemorrhage [35]. In our study, the rates of
Neurologic complications such as intracranial hemorrhage/infarction and seizure are high as well, with 6.6% and 14.9%
respectively. When analyzing the ELSO registry report in 2016, neonates with ECMO have the highest rate of neurologic
complications, with an IVH incidence of around 7.6% [6]. Various pre-existing factors like low birth weight, acidosis,
hypoxia, hypotension, and organ failure have been found to be associated with neurologic injury. Besides, some ECMO
factors such as modality of ECMO used, hemorrhage, seizures, and development of new organ failure increase the risk of
CNS injuries furtherly [36]. So an understanding of risk factors associated with neonates undergoing ECMO and knowing
how to deal with these factors are important to reduce complications. There exist some other complications as well,
wWhether all these complications are de�nitely due to inadequate technology and equipment of ECMO, a lack of
supportive care, or simply a critical condition that might be secondary to the underlying disease in the newborn remains
unclear. However, along with evolving indications for ECMO, the monitoring technology and supportive therapies have
dramatically changed during these years, especially when newer double lumen VV cannulas for respiratory failure have
been introduced, the outcomes of patients have improved greatly. Further attempts, such as by improving the equipment
of ECMO, or increasing the use of supportive treatments like vasoactive agents, are needed to determine whether such
events can be reduced.

In this study, to minimize potential bias of observational study, we established inclusion and exclusion criteria strictly to
provide accurate prevalence and incidence estimation, and we limited the minimum sample size of each study to 50 to
reduce publication bias. Moreover, we excluded the studies published in the ELSO database to avoid data duplication and
reduce selection bias, because only the selected medical centers had the chance to register in the ELSO database, which
increased selection bias. InBy this way, detailed VV ECMO data of other medical centers other than the ELSO database
were collected in this meta-analysis.
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Limitations
There are some limitations in our study. Firstly, all the studies were non-RCT studies, which increased the risk of bias.
Statistic quality of systematic review and meta-analysis is best assessed by RCTs. As to trials of VV ECMO in the
treatment of neonatal respiratory failure, randomization would be possible if a group of patients were selected, all with no
big difference in cardiac function, and then treated with either VA access or VV access. However, a pure randomized study
is rare, whereas accuracy studies are relatively common and provide most of the available evidence [37]. AndSo the
results of theseour studiesy should bewere interpreted cautiously. Secondly, only studies written in English were included
in this meta-analysis, lacking data of other racial groups such as Asian might cause language bias. Thirdly, less than 10
studies were included, and publication bias and meta regression analysis were not performed, which might pose a
potential risk of publication bias. Fourthly, the number of included studies was small and there was moderate
heterogeneity among the studies. Fifthly, Some data in the original study could not be obtained, such as pump type,
membrane type, and so on, and the baseline standards of each study might be inconsistent, many potential factors might
play a role in our analysis. Lastly, the inclusion criteria might also result in the omission of potentially important studies,
such as case reports and small sample studies. However, small sample studies might be affected by publications bias,
historical bias, selective reporting, and other methodological de�ciencies, which increase the risk of bias.

Conclusions
The results of this study showed that although VV ECMO treatment for neonatal respiratory failure might lead to some
complications including pneumothorax, hypertension, cannula dysfunction, seizure, renal failure and so on, the survival
rate during hospitalization is still high. Larger samples and higher quality of randomized controlled studies are needed to
provide a more reliable basis for the application of VV ECMO in neonates with respiratory failure.
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Tables
Table 1.  Demographic data of patients in included studies   

Study Number of

patients

Included

disease

Gestational Age

(weeks)

Weight Kg PaO2

(mmHg)

Oxygenation

index

Age

(days)

Speggiorin

et al

72 Mixed 40 3.4 41.2 50 43.2

Kugelman et

al

114 MAS 40.3±0.1 3.48±0.05 35.8±1.0 60±3 23

Knight et al 54 Mixed 39.6±0.3 3.595±0.072 38±2 NA 19±2

Chevalier et

al

102 Mixed 38.1±2.2 3.054±0.62 49.5 46 71±94

MAS, Meconium aspiration syndrome; PaO2, Partial pressure of oxygen; NA, Not available.

 

Table 2.  Features of included studies and quality assessment
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Study Year Country Design Primary outcome NOS score

Speggiorin et al 2015 Single center,

UK

Retrospective study Mortality and complications 6

Kugelman et al 2005 Single center,

USA

Retrospective cohort study Mortality and complications 8

Knight et al 1996 Multicenter, USA Retrospective cohort study

 

Mortality and complications 8

Chevalier et al 1993 Multicenter,

France

Retrospective  study Mortality and complications 6

NOS, Newcastle-Ottawa quality assessment scale.

 

Table 3. Procedural details and equipment information of ECMO
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Study VV

ECMO

(%)

VA

ECMO

(%)

VV

ECMO

convert

to VA

ECMO

ECMO

duration

(hours)

Site of

insertion

Maximum

cannula

size

Oxygenator type Cannula

type

Pump type

Speggiorin

et al

100% 0 0 90.5 Right

internal

jugular

vein

16Fr Polymethylpentene

hollow fiber

membrane

 

 

Double-

lumen

venous

cannula

Ccentrifugal pump 

Kugelman

et al

100% 0 2 88.5 Right

internal

jugular

vein

14Fr NA Double-

lumen

venous

cannula

NA

Knight et

al

100% 0 0 114±9 Right

internal

jugular

vein

14Fr NA Double-

lumen

venous

cannula

NA

Chevalier

et al

95.3% 4.7% 5 117.8±84 Right

internal

jugular

vein

10Fr NA Double-

lumen

venous

cannula

Non-occlusive

roller pump

 

Table 4. Outcomes and the incidence of complications of VV ECMO in the treatment of neonatal respiratory failure
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Outcome Number of studies

reporting outcome

summary point estimate

(CI 95%)

Hospital mortality    

Pooled mortality 4 (347) 12% (5%-18%)

Mortality during ECMO 2 (179) 10% (0.8%- 19.2%)

Mortality after decannulation 2 (179) 6.1% (2.6%- 9.6%)

Medical complications    

Gastrointestinal bleeding 1 (107) 3.7% (0.1%- 7.3%)

Intracranial hemorrage/infarction 3 (293) 6.6% (3.7%- 9.4%)

Cannula site bleeding 2 (179) 4.4% (-1.8%- 10.6%)

Hemolysis 1 (114) 5.3% (1.2%- 9.4%)

Other bleeding events 1 (107) 2.8% (-0.3%- 5.9%)

Seizure 2 (161) 14.9% (9.4%- 20.4%)

Brain death 1 (107) 1.9% (-0.7%- 4.4%)

Pneumothorax 1 (107) 20.6% (12.9%- 28.2%)

Hypertension 1 (54) 20.4% (9.6%- 31.1%)

Myocardiac stun 1 (114) 0.9% (-0.8%- 2.6%)

Renal failure needing hemofiltration 3 (275) 14.7% (5.9%- 23.5%)

Infectious complications 1 (107) 10.3% (4.5%- 16%)

Thrombi 1 (54) 7.4% (0.4%- 14.4%)

Mechanical complications    

Oxygenator failure 1 (72) 2.8% (-1.0%- 6.6%)

Cannula failure 2 (126) 20.2% (-4.2%- 44.7%)

VV ECMO, Veno-venous extracorporeal membrane oxygenation.

Figures
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Figure 1

Flowchart of study screening for the systematic review and meta-analysis
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Figure 2

Forest plot of pooled mortality during hospitalization
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Figure 3

Forest plot of mortality across racial groups



Page 17/19

Figure 4

Forest plot of mortality from different publication years
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Figure 5

Forest plot of mortality with different maximum cannula sizes
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Figure 6

Forest plot of mortality at different ages at the beginning of ECMO
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