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Abstract

Objective—Evaluate trends in method of access (percutaneous [PERC] vs open cannulation 

[OPEN]) for pediatric extracorporeal membrane oxygenation (ECMO), and determine the effects 

of cannulation method on morbidity and mortality.

Design—Retrospective cohort study.

Setting and Subjects—The Extracorporeal Life Support Organization’s registry was queried 

for pediatric patients on ECMO for respiratory failure from 2007–2015.

Main Results—Of 3,501 patients identified, 77.2% underwent open cannulation, with the 

frequency of OPEN decreasing over the study period from approximately 80% to 70% (p<0.001). 

PERC patients were more commonly male (24.2% vs. 21.5%, p=0.01), older (average 7.6 years vs. 

4.5 years, p<0.001), and heavier (average 33.0 kg vs 20.2 kg, p< 0.001). Subset analysis of 

patients on veno-venous (VV) ECMO revealed higher rates of mechanical complications due to 
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blood clots (28.9% vs. 22.6%, p = 0.003) or cannula problems (18.9% vs. 12.7%, p < 0.001), 

cannula site bleeding (25.3% vs. 20.2%, p = 0.01) and increased rates of cannula site repair in the 

OPEN cohort. Limb related complications were not significantly different on subset analysis for 

VV ECMO patients stratified by access site. Logistic regression analysis revealed that method of 

access was not associated with a difference in mortality.

Conclusions—The proportion of pediatric patients undergoing percutaneous ECMO cannulation 

is increasing. Mechanical and physiological complications occur with both methods of cannulation 

but percutaneous cannulation appears safe in this cohort. Further analysis is needed to evaluate 

long-term outcomes with this technique.
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Introduction

Extracorporeal Membrane Oxygenation (ECMO) is a form of prolonged cardiopulmonary 

bypass utilized to support patients with severe cardiopulmonary failure in order to avoid 

irreversible organ injury (1). The use of ECMO in both adult and pediatric patients has 

evolved secondary to technological advances and an improved understanding of the 

physiological effects of ECMO. Appropriate patient selection, type of ECMO (veno-venous 

(VV) or veno-arterial (VA)), and appropriate cannula site selection may affect outcomes in 

adult patients (2). In addition, novel vascular access techniques may also impact morbidity 

and mortality of these patients (3–5).

There is a growing body of literature describing such advances in adult patients, including 

the use of percutaneous cannulation techniques for the resuscitation and cardiopulmonary 

support of patients with cardiac arrest, cardiogenic shock, pulmonary insufficiency, and 

pulmonary edema (6–9). Retrospective reports demonstrate that very few complications are 

directly attributable to the cannulation technique with the appropriate use of ultrasound and 

fluoroscopic guidance (10). Despite the initial description and advances in the neonatal 

population, the experience with percutaneous ECMO cannulation in the pediatric population 

is limited (11–13).

The purpose of this study was to evaluate trends in vascular access techniques (percutaneous 

[PERC] vs open [OPEN] cannulation) for pediatric ECMO and the association between 

access type and morbidity and mortality utilizing a large, multicenter database.

Methods

The study protocol and use of the Extracorporeal Life Support Organization (ELSO) registry 

database were reviewed by the institutional review board of the University of Buffalo. The 

study received exemption from formal review and the need for patient informed consent was 

waived.
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Data Source

ELSO is an international, non-profit consortium of providers and centers dedicated to the 

development and improvement of ECMO. Participating health care centers contribute 

detailed data to a registry of clinical information for adults and children treated with ECMO 

(14). As of 2015, the database included over 59,000 children who had received ECMO with 

pre-ECMO illness severity and support, diagnosis and procedures, details of ECMO support 

and equipment, as well as relevant complications and survival to hospital discharge (15, 16). 

The registry supports the vast majority of ECMO clinical research and is used to generate 

and disseminate standards and guidelines. The dataset used included select registry data 

from 2007 to 2015.

Patient Selection

Pediatric patients, defined as greater than 28 days and less than 18 years of age, were 

included for study (Supplemental Figure 1. Patient selection). A primary ELSO support type 

of “respiratory” as well as the International Classification of Diseases, Ninth Revision 

(ICD-9) codes 518.81, 518.82, 518.84, and 799.1 were used to identify patients with 

respiratory failure. Data extracted from the ELSO registry included patient demographics, 

clinical characteristics of pre-ECMO assessment, as well as ECMO run details including, but 

not limited to, duration of cannulation, ECMO mode, and cannulation type (percutaneous vs 

open). Complications and outcomes, such as mortality, were also extracted from the registry 

for analysis. Of these patients, 63 underwent more than one ECMO run. Individual ECMO 

run was used for case identification and “patients” moving forward refer to individual 

“ECMO run.”

Statistical Analysis

A retrospective descriptive analysis of the data was performed to evaluate characteristics of 

patients placed on ECMO using percutaneous [PERC] access vs. traditional [OPEN] access 

techniques. Categorical variables were compared using the Pearson χ2 test; continuous 

variables were compared using the Kruskal-Wallis test, where p < 0.05 was considered 

statistically significant. Cochrane Armitage test for trend was utilized to evaluate the use of 

PERC versus OPEN over time. Clinical and demographic variables were incorporated into 

logistic regression models to calculate the adjusted odds ratio (aOR) and its 95% confidence 

intervals (CI) for mortality and selection for percutaneous cannulation. All statistical 

analyses were performed using R (Version 3.3.1) and STATA® Data Analysis and Statistical 

Software (Version 11).

Results

A total of 3,501 patients (> 28 days and < 18 years old) with a primary respiratory diagnosis 

requiring pulmonary support ECMO were included for study. Of these patients, 77.2% 

underwent OPEN cannulation (Table 1). Patients who underwent PERC were significantly 

older and heavier than OPEN patients but no difference in gender or race. Mortality varied 

significantly between the two groups, with 63.7% of patients in the PERC group discharged 

alive vs. 57.6% of patients in the OPEN group (p = 0.002). Additionally, the frequency of 

OPEN cannulation decreased over time from approximately 80% to 70% over the study 
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period (p < 0.001) (Figure 1a). When divided by support type, there was a significant 

increase in percentage of patients accessed percutaneously for VV ECMO and decrease in 

PERC for VA ECMO (p < 0.001) (Figure 1b).

There was no significant difference in mean time on ECMO for PERC vs OPEN. 45.7% 

received veno-venous (VV) support mode with 78.2% of PERC patients and 36.1% of 

OPEN patients on VV ECMO. In contrast, 19.5% of patients in the PERC group were 

placed on VA ECMO compared to 62.8% of OPEN patients. Excluding those classified as 

“other,” 53.0% of the cohort as a whole were placed on VA ECMO (Table 2). There was 

significant variation in ventilator type with a larger proportion of PERC patients placed on 

conventional ventilation and a larger proportion of OPEN patients on high-frequency 

oscillatory ventilation. The most common sites in both groups included the right internal 

jugular vein and right common carotid artery, followed by femoral vessels.

Laboratory values and initial ventilator settings varied significantly between patients on VV 

and patients VA ECMO within the OPEN group. When separated by support mode (VV and 

VA ECMO), however, only differences in initial SaO2 and Peak Inspiratory Pressure 

persisted in the VV group and differences in SaO2 and Mean Arterial Pressure for patients 

in the VA group between PERC and OPEN (Supplemental Table 1); these variables were 

excluded from multivariate analysis.

Subset analysis, VV ECMO

As the majority of patients with PERC access were placed on VV support, a subset analysis 

was performed of patients on VV ECMO. Complications on ECMO were divided into 

several categories, including mechanical complications related to equipment failure, 

mechanical complications secondary to blood clots, hemorrhagic complications, and 

complications affecting specific organ systems including neurologic, renal, cardiovascular, 

pulmonary, infectious, metabolic, and limb/extremity related complications (Table 3). For 

VV ECMO patients accessed via a femoral approach, mechanical complications secondary 

to blood clots and hemorrhagic complications with cannula site bleeding were more 

common in the OPEN group (32.5% vs 20.4%, p = 0.007; and 35.7% vs 14.9%, p < 0.001, 

respectively) (Supplemental Table 2). Patients in the PERC group were also less likely to 

undergo cannula site repair compared to OPEN patients (38% PERC vs 52.5% OPEN, p = 

0.001).

For VV ECMO patients undergoing jugular access, mechanical complications including 

blood clots and cannula problems were more common with OPEN compared to PERC 

techniques (28.6% vs. 22.8%, p = 0.009; and 19.3% vs. 12.8%, p < 0.001, respectively) 

(Table 3b). Hemorrhagic complications at the cannula site were also more common in the 

OPEN group (25.4% vs. 20.4%, p = 0.02), with fewer cannula site repairs performed in the 

PERC group. There was no statistical difference in likelihood of mortality at discharge based 

on access type for all patients on VV ECMO.

Logistic Regression Analysis

Logistic regression was performed to evaluate factors predictive of PERC rather than OPEN 

cannulation for patients on VV ECMO. Only increasing age and weight were associated 
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with the choice of PERC technique (Table 4). When considered as a continuous variable, 

increasing weight (kg) was associated with statistically significant (although miniscule) 

increases in the odds of PERC as opposed to OPEN (aOR 1.03, 95% C.I. 1.01–1.07, p = 

0.04). Compared to age < 1 year, patients aged > 12 years were significantly more likely to 

undergo PERC cannulation. Compared to continuous mandatory ventilation, patients on high 

frequency ventilation/oscillator were more likely to undergo percutaneous cannulation (aOR 

0.69, 95% C.I. 0.50–0.94, p = 0.02). For patients on VA ECMO, age 4 – 6 years (compared 

to age < 1 year) and weight change were age for patients age 4 – 6 years were associated 

with increased odds of PERC compared to OPEN.

Logistic regression analysis to identify factors associated with being discharged alive for all 

patients showed that type of access (PERC vs OPEN) was not associated with a significant 

difference in mortality for all patients or within the subset of patients on VV ECMO only or 

VA ECMO only. Similarly, gender, weight, and weight change per age group, were not 

associated with a decreased likelihood of hospital discharge. VV ECMO was also associated 

with increased likelihood of being discharged alive compared to VA ECMO (aOR 1.82, 95% 

C.I. 1.53–2.16, p < 0.001) (Table 5). Age greater than 12 years, as compared to age less than 

1 year, and Asian or Hispanic race (as compared to White) were associated with a decreased 

likelihood of being discharged alive when evaluating the cohort as a whole.

Within the cohort of patients on VV ECMO, the only factors associated with decreasing 

odds of discharge alive was increasing time on ECMO (days) with increased offs of 

discharge alive for cannulation in 2011 compared to 2007. For patients on VA ECMO, 

however, Asian and Hispanic race (as compared to White) and increasing days on ECMO 

were associated with decreased odds of discharge alive. In contrast, age 1 – 3 years, 

compared to age < 1 year, was associated with increased odds of discharge alive (aOR 2.98, 

95% C.I. 1.18–2.94, p = 0.04) (Table 5).

Discussion

Extracorporeal assist systems are increasingly used for the treatment of severe 

cardiopulmonary failure in patients of all ages. In adults, the advent of percutaneous 

cannulation has contributed to a resurgence in ECMO use for respiratory failure and thus 

linked to decreased complication rates (17). While small reports have described experiences 

with PERC access for ECMO in pediatrics, these are often limited to case series or VV 

ECMO only (18). This paper addresses an increasing trend towards percutaneous 

cannulation for ECMO in pediatrics and highlights several differences in patient 

characteristics based on the method of cannulation.

The traditional or open surgical approach to ECMO is the standard of care in pediatric 

patients where cannula size has limited the adoption of percutaneous approaches. 

Percutaneous access, developed in part to address high complication rates, offered a faster 

means of cannulation that is readily performed by intensivists or ECMO providers other than 

surgeons, thus increasing its accessibility (19) (17). In parallel to increased use of 

percutaneous cannulation, there has been a rise in the use of VV ECMO in respiratory 

failure further supporting the importance of readily available, easy, and safe cannulation 
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techniques (20, 21). The rise in use of ECMO for respiratory support is particularly relevant 

in pediatrics with 102% increase in annual number of runs for patients between 28 days and 

18 years from 2007 to 2015 (16).

Differences in the characteristics of patients undergoing PERC and open cannulation were 

observed in this study with patients in the PERC access group generally larger and older (i.e. 

> 12 years of age) and patients under 1 year of age more likely to undergo OPEN 

cannulation. While circuits are becoming smaller and amenable for transport, there is still a 

limited arsenal of cannulae available for ECMO cannulation making these results not 

surprising. For example, the most frequently used cannula sizes for percutaneous access in 

adults (17 Fr arterial cannula and 21 Fr venous cannula), are much too large for most 

pediatric patients (22, 23). In addition to the use of new cannula technology, percutaneous 

cannulation in older or adult patients is frequently performed through femoral access while 

the internal jugular vein and common carotid artery remain the preferred cannulation sites in 

neonates and children weighing less than 15 kg (24). In support of this, we identified higher 

rates of femoral access in PERC patients despite the right internal jugular vein and right 

common carotid artery accessed most frequently overall.

ECMO complications reported in the ELSO registry were divided into several categories for 

evaluation where mechanical failure secondary to blood clots and cardiovascular 

complications, for example, were more common in the OPEN group. In contrast, limb 

complications were more common in the PERC group overall but the differences 

disappeared on subset analysis of patients on VV ECMO. When further divided by access 

site, there was no significant differences in incidence of limb or neurologic complications. 

These results should be interpreted with caution as data on vessel patency following 

decannulation was not available from the registry. Early experiences with techniques for 

managing distal limb ischemia, such as the insertion of distal perfusion catheters with PERC 

or OPEN access in pediatrics, demonstrate feasibility but have not demonstrated definitive 

improvement in clinical outcomes (25, 26). More granular data, as may be obtained through 

multicenter retrospective reviews outside of registry data, is needed for detailed analyses of 

the use of distal perfusion techniques and more importantly, for evaluation of vessel patency 

and usability following decannulation (27, 28).

Thrombotic and thromboembolic complications during ECMO occur secondary to several 

mechanisms including the exposure of blood to foreign, non-endothelial materials, high flow 

rates and shear stress resulting in red blood cell hemolysis, as well as increased plasma 

viscosity due to protein denaturation while on ECMO (29–31). In this study, mechanical 

complications secondary to blood clots were more common in patients undergoing OPEN 

rather than PERC access. Unfortunately this study was unable to differentiate patients by 

factors known to influence mechanical complications such as anticoagulation and 

comorbidities. Cardiac complications, including cardiac wall perforation and tamponade, 

which are described as both real and theoretical risks in single center studies, were not 

significantly different between percutaneous and open access groups, regardless of ECMO 

support mode (10, 32). Need for inotrope support, presence of cardiac arrhythmia, 

hypertension requiring vasodilators, and hemodynamically significant patent ductus 

arteriosus, were more common in patients on VA ECMO but given the small sample size for 
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PERC patients on VA ECMO, further analysis including access site and type of cannulation 

could not be performed. The increased occurrence of these complications in patients with 

open access for the whole cohort may be related to blood loss or transfusion requirements, 

though further data is needed to identify causative factors (30).

In contrast to thrombotic complications which are associated with immediate and long term 

risk with either access type, initial experience with percutaneous access aimed to 

demonstrate decreased rates of bleeding complications often observed during open 

cannulation (33). In our study, evaluation of the VV ECMO subgroup demonstrated that 

cannula site bleeding was more common for patients undergoing an open technique. Clinical 

relevance of these bleeds, however, could not be established without data on transfusion 

requirements. Along similar lines, increased rates of cannulation site bleeding and 

performance of cannula site repair were identified in the open cannulation group, and was 

likely due to the larger incisions made at time of cannulation which placed surrounding 

structures at risk of injury and in need of vascular repair (34). Further research is needed to 

compare practices, but these findings are consistent with the present study demonstrating 

decreased cannulation site complications.

Finally, mortality was compared between the PERC and OPEN groups through multivariate 

logistic regression in order to identify factors independently associated with increased 

mortality. Method of access did not impact the odds of being discharged alive despite a 

significant difference in mortality on univariate analysis (36.3% and 42.4%, respectively). 

The only factor consistently associated with a significant decrease in the odds of discharge 

alive was increased duration of time on ECMO supporting the notion that sicker patients, or 

patients requiring more time on ECMO, are less likely to survive their hospitalization (35). 

Factors such as racial differences associated with decreased odds of discharge alive on VA 

ECMO warrant further investigation into the potential role of socioeconomic and 

demographic variables in outcomes for critically ill neonatal patients. Though it did not 

retain significance on multivariate regression, the higher mortality in patients undergoing 

open cannulation is likely associated with the inherent differences in patients in the two 

groups.

Limitations

There are inherent limitations to this study as it is a retrospective review of a large database. 

The study is limited by the accuracy and completeness of data reported to the ELSO registry 

– which is a voluntary registry – as well as the ability to extract only de-identified data. Data 

related to centers where cannulation was performed and transport of patients cannulated by a 

traveling ECMO teams are not available, thus limiting the ability to evaluate the effect of 

center or physician specific characteristics on outcome. More specifically, the inability to 

identify center where ECMO was performed limited our ability to consider within-center 

correlation of the patients and evaluation of percutaneous cannulation adoption over time 

versus annual center volume and outcomes, a topic of increasing interest in contemporary 

literature. Additionally, no long-term outcome data are available in the ELSO registry; these 

would provide valuable insight into common complications of ECMO cannulation such as 

neurodevelopmental outcomes and vessel patency following decannulation.
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As a voluntary registry we are required to accept the data entered as true and reliable. One 

area of particular difficulty is in determination of mode of ECMO. While a variable does 

exist in the database for specification, it does not easily allow for identification of patients 

who were transitioned from one mode to another. It has been proposed that cannulas be used 

to obtain a more accurate picture of VV versus VA-ECMO but this was not felt to be 

necessary in this study. Detailed analysis of cannula type was not performed given the 

inability to account for confounding variables such as institution or provider preference and 

experience which may affect cannula choice.

Conclusions

The proportion of pediatric patients undergoing percutaneous ECMO cannulation is 

increasing. Variable rates of mechanical and physiological complications were observed 

between the two methods of cannulation including higher rates of mechanical cannula 

failure and renal or cardiovascular complications with open access and higher rates of limb 

complications with percutaneous access prior to subgroup analysis. Further research is 

needed to evaluate for any causative relationship between outcomes and method of 

cannulation with stratification for severity of illness and other patient related factors not 

currently available through the registry.
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Figure 1. 
Proportion cannulation percutaneous versus open over time
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Table 1.

Patient characteristics receiving ECMO via percutaneous or open approach

Characteristics Percutaneous Not-percutaneous P-value

Total, n (%) 798 (22.8) 2703 (77.2)

Age in years, mean (SD) 7.6 (6.6) 4.5 (5.4) p < 0.001

 Median 5.9 1.5

Age group

 < 1 year 188 (23.6) 1117 (41.3) p < 0.001

 1 – 3 years 131 (16.4) 526 (19.5)

 4 – 6 years 80 (10.0) 291 (10.8)

 7 – 12 years 121 (15.2) 334 (12.4)

 > 12 years 278 (34.8) 435 (16.1)

Race p = 0.62

 White 414 (51.9) 1438 (53.2)

 Asian 70 (8.8) 198 (7.3)

 Black 145 (18.2) 484 (17.9)

 Hispanic 115 (14.4) 363 (13.4)

 Other 40 (5.0) 151 (5.6)

Sex

 Male 447 (56.0) 1399 (51.8) p = 0.06

 Female 350 (43.9) 1278 (47.3)

Weight (kg), mean (SD) 33.0 (28.5) 20.2 (22.5) P < 0.001

 Median 20.9 10.9

Discharged alive p = 0.002

 Yes 508 (63.7) 1557 (57.6)

 No 290 (36.3) 1146 (42.4)
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Table 2.

Extracorporeal membrane oxygenation characteristics, all patients
a

Characteristics Percutaneous, 798 (22.8) Not-percutaneous, 2703 (77.2) P-value

Time on ECMO (hours)

 Mean 272.0 271.5 p = 0.42

 SD 275.1 309.5

 Median 189.0 186.0

ECMO Mode, n (%) p < 0.001

 Veno-Venous
b 624 (78.2) 975 (36.1)

 Veno-Arterial
c 156 (19.5) 1698 (62.8)

Ventilator Type, n (%)

 Conventional 395 (49.5) 1150 (42.5) p = 0.001

 High-frequency oscillation 282 (35.3) 1114 (41.2)

 Other high-frequency ventilation 19 (2.4) 43 (1.6)

Access site, n (%)

 Aorta 2 (0.3) 95 (3.5) p < 0.001

 Left atrium 0 (0.0) 6 (0.2)

 Right atrium 2 (0.3) 111 (4.1)

 Femoral vessels 190 (23.8) 310 (11.5)

 Jugular vessels 532 (66.7) 1420 (52.5)

 Carotid vessels 56 (7.0) 655 (24.2)

 Left internal jugular 13 (1.6) 26 (1.0)

 Other 2 (0.3) 23 (0.9)

 Pulmonary artery 0 (0.0) 6 (0.2)

 Right inferior vena cava (RIJVC) 14 (1.8) 77 (2.8)

a
Column totals greater than total number of patients as patients with conversion between ECMO modes or access sites included more than once

b
Veno-venous includes runs categorized as: VV, VVDL, VVDL+V only

c
Veno-arterial includes runs categorized as: VA, VA-VV, VA+V, VVA, VV-VA

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cairo et al. Page 15

Ta
b

le
 3

.

C
om

pl
ic

at
io

ns
 o

n 
E

C
M

O
 (

in
cl

ud
in

g 
su

bs
et

 V
V

 E
C

M
O

)a,
b

C
om

pl
ic

at
io

ns
A

ll 
pa

ti
en

ts
 o

n 
E

C
M

O
V

V
 E

C
M

O
 O

nl
y

O
pe

n,
 2

70
3 

(7
7.

2)
P

er
cu

ta
ne

ou
s,

 7
98

 (
22

.8
)

p-
va

lu
e

O
pe

n,
 9

75
 (

61
.0

)
P

er
cu

ta
ne

ou
s,

 6
24

 (
39

.0
)

p-
va

lu
e

M
ec

ha
ni

ca
l F

ai
lu

re
29

9 
(1

1.
1)

67
 (

8.
4)

0.
08

10
2 

(1
0.

5)
48

 (
7.

7)
0.

06

M
ec

ha
ni

ca
l F

ai
lu

re
 s

ec
on

da
ry

 to
 b

lo
od

 c
lo

ts
78

4 
(2

9.
0)

18
8 

(2
3.

6)
0.

02
28

2 
(2

8.
9)

14
1 

(2
2.

6)
0.

00
3

M
ec

ha
ni

ca
l: 

ca
nn

ul
a 

pr
ob

le
m

s
43

6 
(1

6.
1)

10
2 

(1
2.

8)
0.

07
18

4 
(1

8.
9)

79
 (

12
.7

)
< 

0.
00

1

H
em

or
rh

ag
ic

: c
an

nu
la

tio
n 

si
te

 b
le

ed
in

g
--

--
--

24
7 

(2
5.

3)
12

6 
(2

0.
2)

0.
01

M
et

ab
ol

ic
: p

H
 <

 7
.2

0
--

--
--

79
 (

8.
1)

72
 (

11
.5

)
0.

02

M
et

ab
ol

ic
: p

H
 >

 7
.6

0
98

 (
3.

6)
19

 (
2.

4)
0.

13
--

--
--

L
im

b 
co

m
pl

ic
at

io
n

15
 (

0.
6)

10
 (

1.
3)

0.
03

2 
(0

.2
)

5 
(0

.8
)

0.
08

M
or

ta
lit

y 
(n

ot
 d

is
ch

ar
ge

d 
al

iv
e)

20
3 

(3
2.

5)
32

7 
(3

3.
5)

0.
68

32
7 

(3
3.

5)
20

3 
(3

2.
5)

0.
68

N
eu

ro
lo

gi
c:

 o
th

er
 (

se
iz

ur
es

, C
N

S 
in

fa
rc

tio
n)

40
9 

(1
5.

1)
95

 (
11

.9
)

0.
07

--
--

--

R
en

al
 c

om
pl

ic
at

io
n

12
62

 (
46

.7
)

31
3 

(3
9.

2)
0.

00
5

--
--

--

C
an

nu
la

 s
ite

 r
ep

ai
r, 

n 
(%

)

 
N

on
e

14
96

 (
55

.3
)

47
7 

(5
9.

8)
0.

03
57

7 
(5

9.
2)

40
1 

(6
4.

3)
0.

04

 
C

ar
ot

id
 a

rt
er

y
66

 (
2.

4)
5 

(0
.6

)
0.

00
1

1 
(0

.1
)

1 
(0

.2
)

0.
75

 
Ju

gu
la

r 
ve

in
13

2 
(4

.9
)

48
 (

6.
0)

0.
20

10
4 

(1
0.

7)
46

 (
7.

4)
0.

03

 
B

ot
h 

ca
ro

tid
 a

nd
 ju

gu
la

r
24

7 
(9

.1
)

47
 (

5.
9)

0.
00

4
30

 (
3.

1)
15

 (
2.

4)
0.

43

 
O

th
er

17
0 

(6
.3

)
31

 (
3.

9)
0.

01
50

 (
5.

1)
16

 (
2.

6)
0.

01

a C
om

pl
ic

at
io

ns
 te

st
ed

 in
cl

ud
e:

 M
ec

ha
ni

ca
l f

ai
lu

re
 f

ro
m

 b
lo

od
 c

lo
ts

, f
ro

m
 a

ir
 in

 c
ir

cu
it,

 o
r 

cr
ac

ks
 in

 p
ig

ta
il 

co
nn

ec
to

rs
 o

r 
ca

nn
ul

a 
pr

ob
le

m
s;

 H
em

or
rh

ag
ic

 p
ro

bl
em

s 
in

cl
ud

in
g 

G
I 

he
m

or
rh

ag
e,

 c
an

nu
la

 s
ite

, o
r 

su
rg

ic
al

 s
ite

 b
le

ed
in

g 
or

 c
oa

gu
lo

pa
th

y/
D

IC
; N

eu
ro

lo
gi

ca
l p

ro
bl

em
s 

in
cl

ud
in

g 
cl

in
ic

al
ly

 d
et

er
m

in
e 

dr
ai

n 
de

at
h,

 s
ei

zu
re

s 
or

 C
N

S 
in

fa
rc

tio
n 

or
 C

N
S 

he
m

or
rh

ag
e;

 C
ar

di
ov

as
cu

la
r 

co
m

pl
ic

at
io

ns
 o

r 
ca

rd
ia

c 
ta

m
po

na
de

; p
ul

m
on

ar
y 

or
 in

fe
ct

io
ns

 c
om

pl
ic

at
io

ns
; a

nd
 m

et
ab

ol
ic

 d
er

ra
ng

em
en

ts
 in

cl
ud

in
g 

ac
id

os
is

 (
pH

 <
 7

.2
0)

, a
lk

al
os

is
 (

pH
 >

 7
.6

0)
, h

yp
er

-/
or

 h
yp

og
ly

ce
m

ia
 a

nd
 h

yp
er

bi
lir

ub
in

em
ia

. C
om

pl
ic

at
io

ns
 

ex
cl

ud
ed

 f
or

 p
 >

 0
.2

0 
fo

r 
di

ff
er

en
ce

 b
et

w
ee

n 
pe

rc
ut

an
eo

us
 a

nd
 n

ot
-p

er
cu

ta
ne

ou
s 

ap
pr

oa
ch

b Pa
tie

nt
s 

w
ith

 m
or

e 
th

an
 o

ne
 c

om
pl

ic
at

io
n 

co
un

te
d 

pe
r 

co
m

pl
ic

at
io

n

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cairo et al. Page 16

Ta
b

le
 4

.

L
og

is
tic

 r
eg

re
ss

io
n 

fo
r 

pe
rc

ut
an

eo
us

 a
cc

es
s 

in
st

ea
d 

of
 o

pe
n 

fo
r 

pa
tie

nt
s 

on
 V

V
 E

C
M

O

V
V

 E
C

M
O

 O
nl

y
V

A
 E

C
M

O
 O

nl
y

C
ha

ra
ct

er
is

ti
cs

O
R

 P
E

R
C

95
%

 C
.I

.
p-

va
lu

e
O

R
 P

E
R

C
95

%
 C

.I
.

p-
va

lu
e

R
ac

e

 
W

hi
te

R
ef

.
--

--
R

ef
.

--
--

 
A

si
an

1.
22

(0
.7

7,
 1

.9
2)

0.
40

0.
71

(0
.2

6,
 1

.6
2)

0.
45

 
B

la
ck

1.
15

(0
.8

5,
 1

.5
6)

0.
37

0.
84

(0
.4

5,
 1

.4
9)

0.
56

 
H

is
pa

ni
c

1.
31

(0
.9

2,
 1

.8
5)

0.
13

1.
37

(0
.7

6,
 2

.3
8)

0.
28

 
O

th
er

0.
92

(0
.5

1,
 1

.6
1)

0.
78

1.
49

(0
.6

4,
 3

.1
7)

0.
32

Se
x

 
Fe

m
al

e
R

ef
.

--
--

R
ef

.
--

--

 
M

al
e

1.
10

(0
.8

6,
 1

.3
9)

0.
45

1.
33

(0
.8

8,
 2

.0
4)

0.
18

W
ei

gh
t c

ha
ng

e 
pe

r 
ag

e 
gr

ou
p

 
<

 1
 y

ea
r

R
ef

.
--

--
R

ef
.

--
--

 
1 

– 
3 

ye
ar

s
0.

99
(0

.8
9,

 1
.0

9)
0.

78
0.

96
(0

.8
5,

 1
.0

4)
0.

38

 
4 

– 
6 

ye
ar

s
0.

96
(0

.8
8,

 1
.0

9)
0.

22
0.

78
(0

.6
1,

 0
.9

4)
0.

02

 
7 

– 
12

 y
ea

rs
0.

97
(0

.9
3,

 1
.0

0)
0.

13
0.

91
(0

.8
2,

 0
.9

9)
0.

05

 
>

 1
2 

ye
ar

s
0.

97
(0

.9
3,

 1
.0

0)
0.

06
0.

97
(0

.8
9,

 1
.0

2)
0.

25

W
ei

gh
t (

kg
)

1.
03

(1
.0

1,
 1

.0
7)

0.
04

1.
05

(1
.0

0,
 1

.1
3)

0.
10

A
ge

 g
ro

up

 
<

 1
 y

ea
r

R
ef

.
--

--
R

ef
.

--
--

 
1 

– 
3 

ye
ar

s
1.

29
(0

.3
9,

 4
.2

4)
0.

67
2.

43
(0

.8
8,

 8
.7

7)
0.

11

 
4 

– 
6 

ye
ar

s
2.

30
(0

.6
8,

 8
.4

5)
0.

19
39

.2
2

(2
.1

3,
 1

08
2.

04
)

0.
02

 
7 

– 
12

 y
ea

rs
2.

20
(0

.9
7,

 5
.0

0)
0.

06
5.

00
(0

.5
4,

 4
6.

69
)

0.
15

 
>

 1
2 

ye
ar

s
3.

13
(1

.3
8,

 7
.1

3)
0.

00
6

2.
16

(0
.6

1,
 7

.6
1)

0.
23

V
en

til
at

or
 T

yp
e

 
C

M
V

R
ef

.
--

--

 
H

FO
V

0.
69

(0
.5

0,
 0

.9
4)

0.
02

1.
17

(0
.6

7,
 2

.0
3)

0.
58

 
O

th
er

1.
56

(0
.7

3,
 3

.3
6)

0.
25

0.
84

(0
.1

3,
 3

.3
3)

0.
83

H
FO

V
 (

su
pp

or
t c

od
e)

1

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cairo et al. Page 17

V
V

 E
C

M
O

 O
nl

y
V

A
 E

C
M

O
 O

nl
y

C
ha

ra
ct

er
is

ti
cs

O
R

 P
E

R
C

95
%

 C
.I

.
p-

va
lu

e
O

R
 P

E
R

C
95

%
 C

.I
.

p-
va

lu
e

 
N

o
R

ef
.

--
--

R
ef

.
--

--

 
Y

es
1.

09
(0

.7
9,

 1
.5

1)
0.

59
0.

60
(0

.3
4,

 1
.0

5)
0.

08

N
itr

ic
 O

xi
de

 
N

o
R

ef
.

--
--

R
ef

.
--

--

 
Y

es
1.

05
(0

.8
2,

 1
.3

5)
0.

69
1.

05
(0

.6
8,

 1
.6

5)
0.

81

C
V

V
H

 
N

o
R

ef
.

--
--

R
ef

.
--

--

 
Y

es
2.

17
(0

.9
8,

 5
.0

8)
0.

06
5.

91
(n

/a
, 3

.8
4e

12
)

0.
98

Y
ea

r 
of

 c
an

nu
la

tio
n

 
20

07
R

ef
.

--
--

--

 
20

08
0.

70
(0

.3
5,

 1
.4

1)
0.

32
0.

63
(0

.2
1,

 1
.8

1)
0.

38

 
20

09
0.

94
(0

.5
1,

 1
.7

5)
0.

84
1.

65
(0

.7
2,

 4
.0

5)
0.

25

 
20

10
1.

06
(0

.5
8,

 1
.9

5)
0.

86
2.

24
(0

.9
8,

 5
.5

8)
0.

07

 
20

11
0.

97
(0

.5
4,

 1
.7

7)
0.

92
1.

79
(0

.7
5,

 4
.5

7)
0.

20

 
20

12
1.

37
(0

.7
8,

 2
.4

7)
0.

28
0.

53
(0

.1
7,

 1
.5

8)
0.

26

 
20

13
1.

35
(0

.7
7,

 2
.3

9)
0.

30
0.

87
(0

.3
2,

 2
.4

1)
0.

79

 
20

14
1.

10
(0

.6
3,

 1
.9

5)
0.

73
0.

39
(0

.1
0,

 1
.2

9)
0.

14

 
20

15
1.

25
(0

.7
3,

 2
.2

0)
0.

42
0.

97
(0

.3
6,

 2
.6

5)
0.

94

A
bb

re
vi

at
io

ns
: V

V
 (

ve
no

-v
en

ou
s)

; V
A

 (
ve

no
-a

rt
er

ia
l)

; E
C

M
O

 (
E

xt
ra

co
rp

or
ea

l M
em

br
an

e 
O

xy
ge

na
tio

n)
; C

M
V

 (
C

on
tin

uo
us

 M
an

da
to

ry
 V

en
til

at
io

n)
; H

FO
V

 (
H

ig
h 

Fr
eq

ue
nc

y 
V

en
til

at
io

n/
os

ci
lla

tio
n)

; C
V

V
H

 
(C

on
tin

uo
us

 V
en

o-
V

en
ou

s 
H

em
of

ilt
ra

tio
n)

; O
R

 (
O

dd
s 

R
at

io
);

 P
E

R
C

 (
pe

rc
ut

an
eo

us
 c

an
nu

la
tio

n)

1 Su
pp

or
t c

od
e 

fo
r 

H
FO

V
 in

cl
ud

ed
 to

 c
om

pa
re

 u
se

 o
f 

hi
gh

 f
re

qu
en

cy
 v

en
til

at
io

n 
co

m
pa

re
d 

to
 n

ot
; v

en
til

at
or

 ty
pe

 c
om

pa
re

s 
us

e 
of

 H
FO

V
 to

 tr
ad

iti
on

al
 c

on
tin

uo
us

 m
an

da
to

ry
 v

en
til

at
io

n

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cairo et al. Page 18

Ta
b

le
 5

.

M
ul

tiv
ar

ia
te

 r
eg

re
ss

io
n 

fo
r 

od
ds

 o
f 

be
in

g 
di

sc
ha

rg
ed

 a
liv

e 
fo

r 
pe

di
at

ri
c 

pa
tie

nt
s 

on
 E

C
M

O

C
ha

ra
ct

er
is

ti
cs

A
ll 

pa
ti

en
ts

 o
n 

E
C

M
O

P
at

ie
nt

s 
on

 V
V

 E
C

M
O

 O
nl

y
P

at
ie

nt
s 

on
 V

A
 E

C
M

O
 O

nl
y

O
R

 fo
r 

di
sc

ha
rg

e 
al

iv
e

95
%

 C
.I

.
p-

va
lu

e
O

R
 fo

r 
di

sc
ha

rg
e 

al
iv

e
95

%
 C

.I
.

p-
va

lu
e

O
R

 fo
r 

di
sc

ha
rg

e 
al

iv
e

95
%

 C
.I

.
p-

va
lu

e

Pe
rc

ut
an

eo
us

1.
03

(0
.8

3,
 1

.2
6)

0.
82

1.
03

(0
.8

0,
 1

.3
4)

0.
81

0.
90

(0
.5

9,
 1

.3
6)

0.
62

R
ac

e

 
W

hi
te

R
ef

.
--

--
R

ef
.

--
--

R
ef

.
--

--

 
A

si
an

0.
72

(0
.5

3,
 0

.9
7)

0.
03

0.
89

(0
.5

5,
 1

.4
4)

0.
62

0.
58

(0
.3

7,
 0

.8
9)

0.
01

 
B

la
ck

0.
99

(0
.8

1,
 1

.2
3)

0.
96

1.
03

(0
.7

5,
 1

.4
3)

0.
84

0.
98

(0
.7

2,
 1

.3
4)

0.
91

 
H

is
pa

ni
c

0.
75

(0
.5

9,
 0

.9
5)

0.
02

0.
87

(0
.6

1,
 1

.2
6)

0.
46

0.
68

(0
.4

8,
 0

.9
6)

0.
03

 
O

th
er

0.
94

(0
.6

6,
 1

.3
4)

0.
72

1.
23

(0
.6

9,
 2

.2
7)

0.
50

0.
79

(0
.4

8,
 1

.3
2)

0.
37

Se
x

 
Fe

m
al

e
R

ef
.

--
--

R
ef

.
--

--
R

ef
.

--
--

 
M

al
e

0.
98

(0
.8

3,
 1

.1
4)

0.
76

0.
91

(0
.7

1,
 1

.1
7)

0.
48

1.
08

(0
.8

6,
 1

.3
6)

0.
52

D
ay

s 
on

 E
C

M
O

0.
98

(0
.9

7,
 0

.9
9)

< 
0.

00
1

0.
96

(0
.9

5,
 0

.9
7)

< 
0.

00
1

0.
99

(0
.9

8,
 1

.0
0)

0.
04

M
od

e 
of

 E
C

M
O

 
V

A
1

R
ef

.
--

--
--

--
--

--
--

--

 
V

V
2

1.
82

(1
.5

3,
 2

.1
6)

< 
0.

00
1

--
--

--
--

--
--

 
O

th
er

2.
24

(1
.0

3,
 5

.1
8)

0.
05

--
--

--
--

--
--

W
ei

gh
t c

ha
ng

e 
pe

r 
ag

e 
gr

ou
p

 
<

 1
 y

ea
r

R
ef

.
--

--
R

ef
.

--
--

R
ef

.
--

--

 
1 

– 
3 

ye
ar

s
0.

96
(0

.9
0,

 1
.0

2)
0.

19
1.

02
(0

.9
2,

 1
.1

4)
0.

68
0.

92
(0

.8
3,

 1
.0

0)
0.

11

 
4 

– 
6 

ye
ar

s
1.

00
(0

.9
5,

 1
.0

5)
0.

94
1.

05
(0

.9
7,

 1
.1

7)
0.

30
0.

97
(0

.9
0,

 1
.0

4)
0.

45

 
7 

– 
12

 y
ea

rs
1.

00
(0

.9
7,

 1
.0

2)
0.

75
1.

00
(0

.9
7,

 1
.0

3)
0.

90
0.

98
(0

.9
2,

 1
.0

3)
0.

44

 
>

 1
2 

ye
ar

s
1.

01
(0

.9
9,

 1
.0

3)
0.

34
1.

01
(0

.9
8,

 1
.0

3)
0.

37
0.

99
(0

.9
4,

 1
.0

3)
0.

66

W
ei

gh
t (

kg
)

1.
00

(0
.9

8,
 1

.0
2)

0.
95

1.
00

(0
.9

8,
 1

.0
2)

0.
96

1.
01

(0
.9

7,
 1

.0
7)

0.
51

A
ge

 g
ro

up

 
<

 1
 y

ea
r

R
ef

.
--

--
R

ef
.

--
--

R
ef

.
--

--

 
1 

– 
3 

ye
ar

s
1.

94
(1

.0
4,

 4
.0

1)
0.

05
0.

94
(0

.2
7,

 3
.2

3)
0.

91
2.

98
(1

.1
8,

 9
.2

4)
0.

04

 
4 

– 
6 

ye
ar

s
1.

05
(0

.4
7,

 2
.3

1)
0.

90
0.

59
(0

.1
0,

 2
.5

0)
0.

52
1.

23
(0

.4
1,

 3
.8

2)
0.

72

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cairo et al. Page 19

C
ha

ra
ct

er
is

ti
cs

A
ll 

pa
ti

en
ts

 o
n 

E
C

M
O

P
at

ie
nt

s 
on

 V
V

 E
C

M
O

 O
nl

y
P

at
ie

nt
s 

on
 V

A
 E

C
M

O
 O

nl
y

O
R

 fo
r 

di
sc

ha
rg

e 
al

iv
e

95
%

 C
.I

.
p-

va
lu

e
O

R
 fo

r 
di

sc
ha

rg
e 

al
iv

e
95

%
 C

.I
.

p-
va

lu
e

O
R

 fo
r 

di
sc

ha
rg

e 
al

iv
e

95
%

 C
.I

.
p-

va
lu

e

 
7 

– 
12

 y
ea

rs
1.

28
(0

.6
9,

 2
.3

5)
0.

44
1.

37
(0

.5
6,

 3
.3

3)
0.

49
1.

22
(0

.4
3,

 3
.5

1)
0.

71

 
>

 1
2 

ye
ar

s
0.

36
(0

.2
0,

 0
.6

7)
0.

00
1

0.
48

(0
.1

9,
 1

.1
6)

0.
11

0.
45

(0
.1

7,
 1

.1
5)

0.
09

V
en

til
at

or
 T

yp
e

 
C

M
V

R
ef

.
--

--
R

ef
.

--
--

R
ef

.
--

--

 
H

FO
V

1.
05

(0
.8

5,
 1

.3
0)

0.
68

0.
94

(0
.6

8,
 1

.2
9)

0.
69

1.
16

(0
.8

5,
 1

.5
9)

0.
34

 
O

th
er

0.
98

(0
.5

6,
 1

.7
5)

0.
95

1.
11

(0
.4

9,
 2

.6
7)

0.
81

0.
88

(0
.3

5,
 2

.1
3)

0.
77

H
FO

V
 s

up
po

rt
 c

od
e

 
N

o
R

ef
.

--
--

R
ef

.
--

--
R

ef
.

--
--

 
Y

es
0.

98
(0

.7
9,

 1
.2

2)
0.

84
1.

05
(0

.7
6,

 1
.4

7)
0.

76
0.

91
(0

.6
6,

 1
.2

6)
0.

58

N
itr

ic
 O

xi
de

 
N

o
R

ef
.

--
--

R
ef

.
--

--
R

ef
.

--
--

 
Y

es
0.

94
(0

.7
9,

 1
.1

2)
0.

48
0.

95
(0

.7
3,

 1
.2

4)
0.

70
0.

97
(0

.7
6,

 1
.2

5)
0.

84

C
V

V
H

 
N

o
R

ef
.

--
--

R
ef

.
--

--
R

ef
.

--
--

 
Y

es
0.

54
(0

.2
9,

 1
.0

2)
0.

06
0.

59
(0

.2
6,

 1
.3

9)
0.

21
0.

59
(0

.1
7,

 1
.8

6)
0.

38

Y
ea

r 
of

 c
an

nu
la

tio
n

 
20

07
R

ef
.

--
--

R
ef

.
--

--
R

ef
.

--
--

 
20

08
0.

99
(0

.6
7,

 1
.4

4)
0.

94
1.

15
(0

.6
0,

 2
.2

1)
0.

68
0.

86
(0

.5
1,

 1
.4

2)
0.

55

 
20

09
1.

12
(0

.7
8,

 1
.6

0)
0.

54
1.

30
(0

.7
1,

 2
.3

8)
0.

39
1.

01
(0

.6
2,

 1
.6

4)
0.

95

 
20

10
1.

05
(0

.7
3,

 1
.5

1)
0.

80
1.

11
(0

.6
1,

 2
.0

0)
0.

73
0.

95
(0

.5
7,

 1
.5

7)
0.

83

 
20

11
1.

14
(0

.7
9,

 1
.6

5)
0.

49
1.

85
(1

.0
1,

 3
.3

8)
0.

04
0.

70
(0

.4
2,

 1
.1

7)
0.

17

 
20

12
1.

48
(1

.0
2,

 2
.1

5)
0.

04
1.

30
(0

.7
2,

 2
.3

4)
0.

38
1.

49
(0

.8
8,

 2
.5

1)
0.

14

 
20

13
1.

18
(0

.8
2,

 1
.6

9)
0.

37
1.

14
(0

.6
4,

 2
.0

2)
0.

65
1.

09
(0

.6
5,

 1
.8

4)
0.

75

 
20

14
1.

27
(0

.8
9,

 1
.8

2)
0.

19
1.

26
(0

.7
2,

 2
.2

1)
0.

41
1.

19
(0

.7
0,

 2
.0

3)
0.

52

 
20

15
1.

23
(0

.8
6,

 1
.7

6)
0.

26
1.

35
(0

.7
7,

 2
.3

5)
0.

29
0.

92
(0

.5
4,

 1
.5

5)
0.

75

1 V
A

 E
C

M
O

: (
V

A
-V

V
, V

A
+

V
, V

V
-V

A
, V

V
A

)

2 V
V

 E
C

M
O

: (
V

V
, V

V
D

L
, V

V
D

L
+

V
)

A
bb

re
vi

at
io

ns
: V

V
 (

ve
no

-v
en

ou
s)

; E
C

M
O

 (
E

xt
ra

co
rp

or
ea

l M
em

br
an

e 
O

xy
ge

na
tio

n)
; C

M
V

 (
C

on
tin

uo
us

 M
an

da
to

ry
 V

en
til

at
io

n)
; H

FO
V

 (
H

ig
h 

Fr
eq

ue
nc

y 
V

en
til

at
io

n/
os

ci
lla

tio
n)

; C
V

V
H

 (
C

on
tin

uo
us

 V
en

o-
V

en
ou

s 
H

em
of

ilt
ra

tio
n)

; O
R

 (
O

dd
s 

R
at

io
);

 P
E

R
C

 (
pe

rc
ut

an
eo

us
 c

an
nu

la
tio

n)

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 October 01.


	Abstract
	Introduction
	Methods
	Data Source
	Patient Selection
	Statistical Analysis

	Results
	Subset analysis, VV ECMO
	Logistic Regression Analysis

	Discussion
	Limitations

	Conclusions
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

