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Comparison of venoarterial versus venovenous access
in the cerebral circulation of newborns undergoing extracorporeal
membrane oxygenation

Abstract This study was designed to compare venoar-
terial (VA) with venovenous (VV) access in the cerebral
circulation of newborn infants during extracorporeal
membrane oxygenation (ECMO). Among 14 infants
with VA ECMO, 7 had no intracranial complications
(group 1), while the others (group 2) developed intra-
cranial hemorrhage (ICH). In contrast, among 19 in-
fants with VV ECMO, only 1 developed ICH. Serial
echocardiograms were performed before and after 1, 6,
12, and 24 h and 2 and 3 days of ECMO. The mean
cerebral blood ¯ow (CBF) velocities were measured in
the anterior cerebral artery (ACA), right and left inter-
nal carotid arteries (Rt, Lt-ICA), basilar artery (BA),
and right and left middle cerebral arteries (Rt, Lt-
MCA). Ejection fraction (EF), cardiac output (CO), and
stroke volume (SV) were also measured using standard
echography. The velocity levels in the ACA, Rt-MCA,
and Lt-MCA in VA ECMO were lower than those in VV
ECMO, while those in the Lt-ICA and BA in VA
ECMO were higher than those in VV ECMO. The EF,
CO, and SV were lower in cases of VA ECMO than in
VV ECMO. In cases of VA ECMO, there were no dif-
ferences between groups 1 and 2 in velocities in the
ACA, Rt-ICA, or Lt-ICA. However the velocities in
group 2 in the BA, Rt-MCA, and Lt-MCA were lower
than those in group 1 before and during ECMO. Simi-
larly, the EF, CO, and SV were lower in group 2
(12.0%±31.0%, 0.10±0.32 l/min, and 0.66±1.55 ml, re-
spectively) than in group 1 (29.5%±49.3%, 0.25±0.63 l/
min, and 2.15±3.85 ml) during ECMO. However, in the
infants on VV ECMO the CBF was either maintained or
gradually increased before and during ECMO. Their

cardiac parameters were: EF 46.1%±53.0%, CO 0.43±
0.52 l/min, and SV 2.72±3.84 ml during ECMO. It is
concluded that in VA ECMO CBF velocities, particu-
larly in infants who developed ICH, decreased after the
onset of ECMO in association with poor cardiac func-
tion, while in VV ECMO they were stable, probably due
to normal systemic hemodynamics and cardiac function.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is an
important strategy in the treatment of neonates with
severe cardiorespiratory failure, including persistent
pulmonary hypertension of the newborn (PPHN) [4, 18].
When venoarterial (VA) ECMO is employed, the right
internal carotid artery (Rt-ICA) is cannulated and
ligated. Although the VA mode is e�ective in supporting
gas exchange, it is likely to be associated with serious
complications, especially intracranial hemorrhage (ICH)
[8]. Decreased blood ¯ow and embolism to the right
middle cerebral artery (MCA) is believed to be one of
the main causes of ICH [21]. Recently, venovenous (VV)
ECMO has been used by many authors. In contrast to
the VA method, VV ECMO does not require carotid
arterial ligation and seems to have few negative e�ects
on cerebral blood ¯ow (CBF) [9]. Furthermore, VA
ECMO sometimes induces an ischemic cardiomyopathy
due to an inadequate myocardial oxygen supply [7].

The purpose of this study was to evaluate the cerebral
hemodynamics and cardiac function during VA and VV
ECMO.

Patients and methods

The records of patients treated with ECMO at the Central Hos-
pital, Aichi Prefectural Colony, Japan over the past 4 years were
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reviewed. Patients were selected for ECMO if they had severe re-
spiratory distress unresponsive to maximal medical management
and met our entry criteria [18]. Diagnoses included meconium as-
piration syndrome, sepsis, and congenital diaphragmatic hernia.
No patient had evidence of ICH before ECMO. The clinical data of
the patients and ECMO are summarized in Table 1.

Fourteen neonates were placed on VA ECMO, mainly before
1994; 7 of them developed an ICH. In contrast, of 19 neonates
placed on VV ECMO from 1994 only 1 developed an ICH. The
patients on VA ECMO were classi®ed into two groups: those with
(group 2) and without (group 1) ICH. The clinical and ECMO data
of the two groups are shown in Table 2.

In VA ECMO, infants were treated by cannulation of the Rt
common carotid artery (CCA) and jugular vein. Venous blood was
drained from the right atrium into the circuit and pumped by a roller
pump (HAD-101, SenkoMedical Instrument Co., Japan) through a
membrane oxygenator and heat exchanger (Mera Silox-SHSO-0.5,
MSH-51, Senko Medical Instrument Co., Japan). Oxygenated
blood was returned to the aortic arch. In 14 of 19 infants with VV
ECMO, a double-lumen cannula was introduced into the Rt internal
jugular vein to the midportion of the Rt atrium with supplemental
insertion of another catheter to the cephalic portion. In the 5 other
cases, after failure to cannulate the double-lumen catheter, a thin-
wall catheter was inserted into the Rt jugular vein as a drainage
route and another into the umbilical vein as a reinfusion route.

No attempt was made to repair the vessels after ECMO. Sys-
temic heparin was titrated to an activated clotting time (ACT) of
180 to 220 S (Hemochron, International Technidyne Corporation,
Edison, NJ). Blood and platelets were transfused to maintain he-
moglobin concentrations greater than 10 g/dl and platelet counts
greater than 100,000/mm3.

Serial cranial and cardiac ultrasonography (US) was carried out
before cannulation and 1, 6, 12, and 24 h and 2 and 3 days after
ECMO using a EUB-565 (Hitachi Medico Co., Tokyo). Pulsations
were obtained as color ¯ow in many parts of the brain; the anterior
cerebral artery (ACA), both ICAs, the basilar artery (BA), and
both MCAs. Using a built-in analyzer, the mean cerebral blood
velocities were calculated on representative tracings of the ACA, Rt
and Lt-ICA, BA, and Rt and Lt-MCA. The cardiac performance
indexes examined were cardiac output (CO), stroke volume (SV),
and ejection fraction (EF) of the left ventricle. Systolic arterial
blood pressure (SBP) was measured at the descending aorta.

Variable values are presented as mean�one standard deviation
(SD) for each group. Group di�erences for continuous data were
examined by means of independent Student's t-test. The critical a
level for all tests was 0.05.

Results

Cerebral blood ¯ow velocity (CBFV)

The mean CBFV in the ACA in VV cases tended to be
higher than in VA cases up to 3 days of ECMO, and was
statistically signi®cant at 6 and 12 h of ECMO (Fig. 1).
The mean CBFV in the Lt-ICA was signi®cantly in-
creased in VA compared with VV cases, particularly at
1 h of ECMO (Fig. 2). Before and during ECMO, the
mean CBFV in the BA in VA cases tended to be higher

Table 1 Clinical data of
patients with venoarterial (VA)
and venovenous (VV) ECMO
(n.s. not signi®cant)

VA ECMO VV ECMO P value

No. of patients 14 19
Male 8 16
Female 6 3
Gestational age 38 weeks

5 days � 15 days
39 weeks

4 days � 7 days n.s.
Birth weight (g) 3,090 � 405 3,220 � 499 n.s.
Diagnoses
Meconium aspiration syndrome 2 7
Congenital diaphragmatic hernia 9 7
Sepsis 3 4
Persistent pulmonary hypertention newborn 1
Intracranial hemorrhage 7 1
Alive 7 15
Dead 7 4
Onset of ECMO (h) 17 � 11 31 � 26 <0.05
Duration (h) 127 � 108 137 � 115 n.s.

Table 2 Clinical data of
patients in VA ECMO groups 1
and 2 (n.s. not signi®cant)

Group 1 Group 2 P value

No. of patients 7 7
Male 3 5
Female 4 2
Gestational age 40 weeks 1 day � 6 days 37 weeks 1 day � 13 days <0.01
Birth weight (g) 3,190 � 331 2,990 � 471 n.s.
Diagnoses
Meconium aspiration syndrome 2 0
Congenital diaphragmatic hernia 3 6
Sepsis 2 1
Intracranial hemorrhage 0 7
Alive 7 0
Dead 0 7
Onset of ECMO (h) 19 � 10 16 � 12 n.s.
Duration (h) 58 � 17 195 � 119 <0.05
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than in VV cases, and was signi®cantly higher at 12 and
24 h and 2 and 3 days of ECMO (Fig. 3). The mean
CBFV in the Rt-MCA in VA cases tended to be lower
than in VV cases, and was signi®cantly lower at 6, 12,
and 24 h of ECMO. In particular, the CBFV in the Rt-
MCA in VA cases was less than 20 cm/s from 1 to 12 h
of ECMO (Fig. 4). Although mean CBFV in the Lt-
MCA also had tended to be lower in VA than in VV
cases before and during ECMO, there were no statisti-
cally signi®cant di�erences. The CBFV in the Lt-MCA
in VA cases was less than 20 cm/s at 6 and 12 h of
ECMO (Fig. 5).

The CBFs was not signi®cantly di�erent between
groups 1 and 2 in theACAandRt andLt-ICA (Figs. 6±8),
but was signi®cantly increased in the Lt-ICA at 1 h of
ECMO in both groups. The mean CBFV in the BA was

signi®cantly higher in group 1 than group 2 at 6, 12, and
24 h and 3 days of ECMO; in particular, it was signi®-
cantly increased in group 1 and decreased in group 2 at
1 h of ECMO (Fig. 9). The same tendencies were ob-
served in the Rt and Lt-MCAs, in particular, the CBFV
in group 2 did not exceed 20 cm/s from 1 to 24 h of
ECMO (Figs. 10 and 11).

Cardiac function

The EFs in VA cases were signi®cantly lower than those
in VV cases before and during ECMO. The CO in VA
cases tended to be lower than in VV cases before and
during ECMO, and was statistically signi®cant at 6, 12,

Fig. 1 Mean cerebral blood ¯ow velocities in anterior cerebral
artery before and during venoarterial (VA) and venovenous (VV)
ECMO ( :P < 0.05, :P < 0.01)

Fig. 2 Mean cerebral blood ¯ow velocities in left internal carotid
artery before and during venoarterial (VA) and venovenous (VV)
ECMO ( P < 0.05, P < 0.01, **P < 0.01 [VA-ECMO])

Fig. 3 Mean cerebral blood ¯ow velocities in basilar artery before
and during venoarterial (VA) and venovenous (VV) ECMO
( :P < 0.05, *:P < 0.05 [VV-ECMO])

Fig. 4 Mean cerebral blood ¯ow velocities in right middle cerebral
artery (Rt-MCA) before and during venoarterial (VA) and
venovenous (VV) ECMO ( :P < 0.05, *: P < 0.05 [VV-ECMO])
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and 24 h and 2 and 3 days of ECMO. The same ten-
dency was observed in SVs. ECMO ¯ows in VV cases
were signi®cantly higher than those in VA cases at 12
and 24 h and 2 days of ECMO. There were no di�er-
ences in SBP between the VA and VV groups before and
during ECMO. These data are summarized in Table 3.

The EFs in group 1 tended to be higher than those in
group 2 during ECMO, becoming signi®cantly higher at
6, 12, and 24 h and 2 days of ECMO. The CO in group 1
showed the same trend, but no signi®cant di�erences
were found between the groups. The SVs in group 1
showed a similar tendency. There were no di�erences in
SBP between the two groups before and during ECMO.
These data are summarized in Table 4.

Fig. 5 Mean cerebral blood ¯ow velocities in left middle cerebral
artery before and during venoarterial (VA) and venovenous (VV)
ECMO

Fig. 6 Mean cerebral blood ¯ow velocities in anterior cerebral
artery before and during venoarterial ECMO in groups 1 and 2

Fig. 7 Mean cerebral blood ¯ow velocities in right internal carotid
artery before and during venoarterial ECMO in groups 1 and 2

Fig. 8 Mean cerebral blood ¯ow velocities in left internal carotid
artery before and during venoarterial ECMO in groups 1 and 2
(*: P < 0.05)

Fig. 9 Mean cerebral blood ¯ow velocities in basilar artery before
and during venoarterial ECMO in groups 1 and 2 ( : P < 0.05,

: P < 0.01, *: P < 0.05)
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Discussion

ECMO has been recognized to be e�ective for neonates
with severe respiratory failure; however, it is not without
risks [12]. Factors predisposing to complications espe-
cially ICH, are believed to include hypoxia, hyper-
capnia, systemic asphyxia, high ventilator requirements
before ECMO, systemic heparinization, and alterations
in CBF due to ligation of the Rt-ICA during ECMO
[16, 23]. Many patients have cardiorespiratory distress
refractory to maximal conventional ventilatory and
medical support before ECMO. Furthermore, induction
of ECMO may result in signi®cant ¯uctuations in sys-

temic hemodynamics, particularly in the cerebral circu-
lation [14]. Doppler US o�ers noninvasive and
continuous bedside investigation of CBFV [27].

Ligation of the right (CCA) is necessary for standard
VA ECMO. There are a few reports on the e�ects of VA
ECMO on brain hemodynamics [3, 31]. CBFs of survi-
vors evaluated using US at 1 to 11 years of age [13, 29]
suggested that collateral circulation was established after
the CCA was ligated, but the authors did not express
opinions as to a risk between ligation of the CCA and
ICH during and just after ECMO. A study done just
after ligation of the CCA in a healthy lamb suggests that
the initiation of VA bypass under normothermic con-
ditions did not alter CBF or oxygen metabolism [25].

Fig. 10 Mean cerebral blood ¯ow velocities in right middle
cerebral artery before and during venoarterial ECMO in groups 1
and 2 ( : P < 0.05, **: P < 0.01 [Group 2])

Fig. 11 Mean cerebral blood ¯ow velocities in left middle cerebral
artery before and during venovenous ECMO in groups 1 and 2
( : P < 0.05, **: P < 0.01 [Group 2])

Table 3 Comparison of cardiac function in venoarterial (VA) and venovenous (VV) ECMO (n.s. not signi®cant)

Ejection fraction (%) Cardiac output (1/min)

VA ECMO VV ECMO P value VA ECMO VV ECMO P value

Pre-ECMO 26.5 � 27.0 44.6 � 22.0 n.s. 0.30 � 0.37 0.46 � 0.03 n.s.
1 h 34.1 � 15.3 46.9 � 16.7 <0.05 0.49 � 0.28 0.43 � 0.22 n.s.
6 h 22.5 � 16.8 46.1 � 14.4 <0.001 0.25 � 0.27 0.49 � 0.33 <0.05
12 h 32.4 � 22.7 47.9 � 18.3 <0.05 0.30 � 0.23 0.48 � 0.23 <0.05
24 h 23.3 � 17.7 49.2 � 19.1 <0.001 0.26 � 0.20 0.45 � 0.26 <0.05
2 days 24.8 � 13.4 47.4 � 13.9 <0.001 0.25 � 0.20 0.52 � 0.24 <0.01
3 days 26.2 � 20.2 53.0 � 14.1 <0.01 0.26 � 0.10 0.50 � 0.23 <0.05

Stroke volume (ml) ECMO ¯ow (ml/kg á min) Systolic blood pressure (mmHg)

VA ECMO VV ECMO P value VA ECMO VV ECMO P value VA ECMO VV ECMO P value

1.62 � 1.92 3.03 � 1.79 n.s. ± ± 64 � 20 63 � 14 n.s.
2.52 � 1.92 2.72 � 1.43 n.s. 88 � 13 94 � 24 n.s. 65 � 8 62 � 13 n.s.
1.65 � 2.08 3.44 � 2.23 <0.05 84 � 14 96 � 25 n.s. 63 � 12 68 � 12 n.s.
2.04 � 1.96 3.33 � 1.53 n.s. 80 � 11 100 � 27 <0.01 70 � 7 72 � 13 n.s.
1.76 � 1.83 3.38 � 1.85 <0.05 72 � 8 95 � 25 <0.01 75 � 7 73 � 14 n.s.
1.86 � 1.80 3.84 � 2.01 <0.01 62 � 19 88 � 24 <0.01 79 � 12 73 � 14 n.s.
1.72 � 1.33 3.72 � 2.01 <0.01 71 � 24 88 � 27 n.s. 80 � 19 75 � 12 n.s.
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However, candidates may be exposed to prolonged
hypoxia and hypercapnia before ECMO [1].

Schumacher et al. reported eight survivors of neo-
natal ECMO with varying degrees of right hemispheric
brain injury, and indicated that right-sided brain injury
might be associated with Rt-CCA ligation for ECMO,
but they also suggested that the risk factors before
ECMO could not be ignored, because some subjects
needed cardiopulmonary resuscitation due to severe
hypoxia before ECMO [22]. Kirkpatrick et al. reported a
similar opinion [12]. Taylor et al. claimed that the risk
for cerebrovascular injury associated with ECMO is
multifactorial and not necessarily related to the ligation
of the Rt-CCA [28]. These analyses in the literature in-
dicate that brain injuries occurring during ECMO may
be due to both pre-ECMO situations as well as ECMO
practices [6].

Campbell et al. reported decreased blood ¯ow in the
Rt-MCA during VA ECMO [5]. Therefore, a transient
decrease in CBF may play a role in brain injury. Some of
our patients undergoing VA ECMO showed a transient
decrease in SBP with rapid recovery, and others showed
poor or almost no recovery of CBFV, especially in the
ACA and the Rt and Lt-MCAs. These arteries are so-
called distal arteries compared with proximal Rt and Lt-
ICAs and the BA, whose ¯ow velocities increased after
the onset of ECMO. Especially in VA ECMO group 2,
the mean CBFV in both MCAs was under approxi-
mately 20 cm/s during ECMO, and the infants showed
subsequent intracranial complications. These data sug-
gest that a decrease in CBFV in the Rt and Lt-MCAs
throughout ECMO may be followed by ICH.

Autoregulation of the cerebral circulation is an im-
portant homeostatic mechanism in neonates [15, 17].
Normal term autoregulation is believed to maintain

constant perfusion pressures to the brain in spite of
varying arterial pressures. Severely high-risk infants can
have disrupted cerebral autoregulation, however, leav-
ing the cerebral microcirculation vulnerable to altera-
tions in systemic blood pressure [30], which may result in
¯uctuations in cerebral hemodynamics [20]. Hypoten-
sion can cause ischemic cerebral damage and hyperten-
sion can cause cerebral hyperemia, all of which pose
risks for ICH [24]. From our data correlating cardiac
failure and low CBFV in VA ECMO, we infer that
hypoxia prior to ECMO was accompanied by a loss of
cerebral autoregulation, especially in cases of ICH.

VA ECMO is associated with an initial decrease in
left ventricular ejection phase indices [11]. Although left
ventricular preload may be decreased with the initiation
of VA ECMO because a large portion of blood is by-
passing the heart, cardiac dysfunction might be induced
by an ischemic cardiomyopathy. The so-called stunned
myocardium during ECMO may be caused by hypo-
volemia in the cardiopulmonary circulation and
ischemic cardiomyopathy [7, 10]. Infants in the present
study who developed ICH had low CBFV associated
with disturbed cardiac function. Thus, we deduce that a
decrease in CBF secondary to myocardial failure can
result in cerebral hemorrhage. When the mean CBFV in
the MCA fell successively below 20 cm/s, the infant had
a high risk of ICH.

A double-lumen catheter for neonates has recently
been developed [2]. It was reported that supplemental
cephalic jugular venous drainage during neonatal
ECMO appeared to be safe, and might decrease the in-
cidence of ICH [19]. Several cardiopulmonary vascular
bene®ts might be expected to result from VV as opposed
to VA ECMO [26]. VV ECMO could be advantageous
since it perfuses oxygenated blood into not only the

Table 4 Comparison of cardiac function in groups 1 and 2 (n.s. not signi®cant)

Ejection fraction (%) Cardiac output (1/min)

Group 1 Group 2 P value Group 1 Group 2 P value

Pre-ECMO 23.7 � 19.7 26.0 � 33.6 n.s. 0.50 � 0.45 0.10 � 0.05 n.s.
1 h 34.2 � 8.5 31.0 � 20.9 n.s. 0.63 � 0.26 0.32 � 0.24 n.s.
6 h 30.7 � 17.1 12.0 � 9.8 <0.05 0.39 � 0.33 0.10 � 0.07 n.s.
12 h 49.3 � 19.8 15.7 � 6.3 <0.01 0.43 � 0.27 0.18 � 0.13 n.s.
24 h 29.5 � 22.9 14.5 � 6.2 <0.05 0.33 � 0.26 0.18 � 0.11 n.s.
2 days 31.1 � 12.5 16.8 � 8.8 <0.05 0.35 � 0.24 0.20 � 0.11 n.s.
3 days 34.8 � 22.5 26.9 � 21.2 n.s. 0.25 � 0.13 0.30 � 0.23 n.s.

Stroke volume (ml) ECMO ¯ow (ml/kg á min) Systolic blood pressure (mmHg)

Group 1 Group 2 P value Group 1 Group 2 P value Group 1 Group 2 P value

2.62 � 2.40 0.62 � 0.36 n.s. 69 � 5 59 � 30 n.s.
3.85 � 1.91 1.19 � 0.47 <0.05 88 � 15 89 � 12 n.s. 63 � 5 68 � 10 n.s.
2.65 � 2.66 0.66 � 0.50 n.s. 88 � 13 78 � 15 n.s. 62 � 8 64 � 17 n.s.
3.17 � 2.52 1.14 � 0.79 n.s. 86 � 11 72 � 4 <0.05 71 � 3 70 � 11 n.s.
2.37 � 2.49 1.15 � 0.69 n.s. 77 � 23 65 � 7 n.s. 78 � 7 73 � 7 n.s.
2.77 � 2.26 0.95 � 0.34 n.s. 57 � 22 68 � 15 n.s. 82 � 9 73 � 17 n.s.
2.15 � 1.53 1.55 � 1.39 n.s. 87 � 25 63 � 24 n.s. 85 � 6 78 � 24 n.s.
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pulmonary, but also the coronary vessels. In the present
study, all infants had normalization and no infant had a
deterioration in cardiac function as a result of VV
ECMO. It has been suggested that VV ECMO does not
have deleterious e�ects on cardiac performance [26]. In
our only case of cerebral hemorrhage on VV ECMO, the
velocity in each of the cerebral arteries was higher
compared with the cases without cerebral complications,
suggesting a loss of cerebral autoregulation before the
onset of ECMO. This infant also su�ered from severe
asphyxia before ECMO, with an almost ¯at and irre-
versible EEG.

In conclusion, neonatal patients with severe pulmo-
nary failure can be e�ectively supported by VV ECMO.
In addition to stable hemodynamics of the brain com-
pared with VA ECMO, it has advantages in myocardial
and pulmonary vascular oxygenation, resulting in
favorable cerebral hemodynamics.
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