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Oxygenation index for extracorporeal membrane oxygenation: is there 
predictive signifi cance?

Abstract Although extracorporeal membrane oxygenation 
(ECMO) is known to improve survival in neonates with 
respiratory failure, there has been a signifi cant decrease in 
the use of ECMO in recent years. Alternative modalities 
such as high-frequency oscillatory ventilation (HFOV), in-
haled nitric oxide (iNO), and surfactant therapy are associ-
ated with this decline. The criteria for the initiation of 
ECMO, developed about 20 years ago, are likely no longer 
relevant. We examined the predictive signifi cance of the 
oxygenation index (OI) as a patient entry criterion for 
ECMO use. We sought a critical OI level predicting death 
or chronic lung disease (CLD) with and without ECMO 
use. We also examined whether patients with certain OIs 
are more likely to have worse outcomes. One hundred and 
seventy-four term-newborn admissions between 1995 and 
2000 requiring mechanical ventilation were enrolled in the 
study. Receiver operating curve analysis was performed to 
fi nd a cutoff value of OI for ECMO initiation. Mortality 
rates and CLD probability were compared to the worst OIs. 
Our 6-year ECMO administration experience showed that 
an OI of 33.2 is a suitable cutoff value for ECMO initiation 
with high sensitivity and specifi city as a predictive criterion. 
The critical OI value associated with the CLD risk when 
ECMO is not used is in the 40s. OI is a good predictor of 
CLD; the probability of CLD increases with higher OIs. 
Our data support the trend toward the use of new interven-
tions over ECMO, especially for patients with OI scores of 
less than 33.2. Only when the probability of ventilator-

associated lung injury becomes signifi cant is it better to 
consider ECMO than conventional modalities.
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Introduction

Extracorporeal membrane oxygenation (ECMO) has been 
used for treatment of respiratory failure since the 1970s.1 
ECMO adapted conventional cardiopulmonary bypass 
technology to provide prolonged respiratory or cardiorespi-
ratory support for patients who failed to respond to conven-
tional intensive care management. With the use of ECMO 
specifi cally for newborms with persistent fetal circulation, 
the overall survival rate increased to 84%–100% for pa-
tients with an anticipated mortality rate (based on criteria 
from the early 1980s) of 80%–85%.2 Several studies have 
demonstrated that ECMO promotes normal survival in 
neonates with respiratory failure.3,4 However, a signifi cant 
decrease has been shown in the total number of ECMO 
cases recently.5–7 This decline in ECMO use is presumed to 
be a result of the emergence of alternate modalities such as 
high-frequency oscillatory ventilation (HFOV), inhaled ni-
tric oxide (iNO), and surfactant therapy.5,6 As such, the 25-
year-old entry criteria derived from the original randomized 
trials can no longer be considered relevant.8 Further, con-
sideration is given to the use of ECMO to reduce morbidi-
ty.7,8 The oxygenation index (OI) has been proposed as an 
entry criterion for ECMO administration.9 The objective of 
this study was to analyze the predictive signifi cance of OI 
as a patient entry criterion for ECMO use and to investigate 
the outcomes of patients with various OI values.

Patients and methods

We identifi ed term newborns admitted to our hospital from 
1995 to 2000 who required mechanical ventilation. A total 

Received: January 10, 2006 / Accepted: September 21, 2006

B. Bayrakci (*)
Pediatric Intensive Care Unit, Hacettepe University, Faculty of 
Medicine, Sihhiye, 06100, Ankara, Turkey
Tel. +90-533-749-33-99; Fax +90-312-311-23-98
e-mail: bbenan@yahoo.com

C. Josephson
Pediatric Intensive Care Unit, Johns Hopkins University, Baltimore, 
MD, USA

J. Fackler
Anesthesiology/Critical Care Medicine, Johns Hopkins University 
School of Medicine, Baltimore, MD, USA

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.276 785.197 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



 7

of 174 patients [59 with meconium aspiration syndrome 
(MAS), 26 with primary pulmonary hypertension (PPH), 
18 with congenital diaphragmatic hernia (CDH), 16 with 
congenital heart disease (CHD), and 55 with other diagno-
ses] were identifi ed. ECMO was used in 81 of these patients, 
whereas 44 patients underwent other treatment modalities 
such as surfactant therapy, HFOV, and/or iNO. The re-
maining 49 newborns received conventional ventilation 
only. An infant was considered to have chronic lung disease 
(CLD) if this diagnosis was recorded in the chart or the 
need for supplemental oxygen was documented. Mortality 
rates and CLD incidence were compared with regard to the 
worst oxygenation indexes (oxygenation index = mean air-
way pressure × FiO2 × 100/PaO2). Receiver operating curve 
(ROC) analysis was performed to demonstrate a cutoff OI 
value for ECMO initiation. ROC refers to a method of 
quantifying how accurately experimental subjects, profes-
sional diagnosticians, and prognosticators perform when 
they are required to make a series of fi ne discriminations 
or to say which of two conditions or states of nature, confus-
able at the moment of decision, exists or will exist.10 Other 
statistical analyses used were the Mann–Whitney U test and 
the chi-squared test for comparison between groups (ECMO 
vs non-ECMO group and OI ≤ 33.2 vs OI > 33.2 group), 
Kruskal–Wallis was used for comparison among diagnostic 
groups (MAS, PPH, CDH, CHD, and others), and logistic 
regression analysis was used for risk calculations.

During the entire 6-year period of data review, the 
ECMO team was run by a small group of ECMO specialists 
drawn largely from respiratory therapists. All ECMO was 
done in a single critical care unit and nursing was mostly 
done by senior staff nurses. Medical direction was provided 
by the critical care attending. Occlusive roller-head pumps 
were used throughout this 6-year period. Mid way through 
the study period, the pumps were transitioned from Cobe 
to Stockert–Shiley.

The decision to use ECMO was made jointly by the neo-
natal and the pediatric critical care attendings. The general 
pediatric surgical and cardiothoracic surgical attendings 
were also decision makers for neonates with CDH and CHD 
respectively. In general, ECMO was considered in term neo-
nates (estimated gestation age more than 36 weeks) with re-
versible cardio- and/or respiratory failure. Head ultrasounds 
documented no large hemorrhages and cardiac echocardio-
grams showed no structural lesions (except for neonates 
with CHD). All neonates failed to respond to medical thera-
pies. The severity of illness was estimated using the OI and 
generally an OI of 40 was considered worrisome.

Results

In order to reveal the OI scores which represent our insti-
tutional inclination for ECMO application over the past 6 
years, we performed ROC analysis. ROC analysis demon-
strated an OI cutoff value of 33.2 for ECMO administration 
with 84.8% specifi city and 86.5% sensitivity (area under 
curve: 0.92 ± 0.023, P = 0.0001) (Fig. 1).
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Fig. 1. Receiver operating curve representing an oxydation index (OI) 
of 33.2 as a cutoff value for extracorporeal membrane oxygenation 
(ECMO) administration. This cutoff value has 84.8% specifi city and 
86.5% sensitivity (area under curve: 0.92 ± 0.023, P = 0.0001). A cutoff 
level of 33.2 represents our institutional inclination for OI levels for 
ECMO preference over the past 6 years

Median OI values were signifi cantly higher in ECMO-
treated patients (64 vs 17) (P = 0.0001). A one unit increase 
in OI increased the probability of ECMO administration by 
10.96% (P = 0.0001). For the group with OI > 33.2, the 
ECMO initiation probability was found to be 35 times 
higher on bivariant logistic regression analysis (P = 0.0001). 
The relationship between the probability of ECMO appli-
cations and OI is demonstrated in Fig. 2.

The mortality risk was 2.7 times higher for patients with 
OI > 33.2. A one unit increase in OI elevated the mortality 
risk by 1% (P = 0.1157). Figure 3 represents the rising risk 
of mortality on increasing OI.

The ECMO group had a higher mortality rate (12.3% vs 
3.3%) (P = 0.024). The mortality risk was elevated four 
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Fig. 2. Probability of ECMO application for different levels of oxygen-
ation index (OI)
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patients, mortality risk and CLD incidence were signifi -
cantly increased in the ECMO-treated group, and 80% of 
these newborns had an OI > 33.2.

MAS patients formed the largest group treated by 
ECMO. Approximately half the MAS group (52.6% P = 
0.001) were treated with ECMO and the OI was > 33.2 in 
75.4%. The OI was signifi cantly higher in MAS patients 
than in other patients (median 48.5, P = 0.001), and 75% of 
MAS patients had IO values greater than 33.2 (P = 0.000). 
A one unit increase in OI for the MAS group was associated 
with an increase in ECMO use of 10% (P = 0.0006). The 
graph of CLD probability for the MAS group is very similar 
to that for all patients (Fig. 6). The high risk OI level for 
MAS patients is 44, which is critical for CLD developement 
if ECMO is not performed.
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Fig. 3. Risk of mortality for different levels of OI
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Fig. 4. Risk of chronic lung disease (CLD) for different levels of OI
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Fig. 5. Probability of CLD for different levels of OI for ECMO and 
non-ECMO patients. The probability of CLD is constant for ECMO-
treated patients, but it has a direct relationship with increases in OI for 
non-ECMO patients. The data gathered from the logistic regression 
analysis for CLD risk is used in this fi gure to display its relation with 
OI. For non-ECMO patients, CLD risk is less than that for ECMO 
patients until OI exceeds 49. For OI values greater than 49, the CLD 
risk for non-ECMO patients exceeds the CLD risk for ECMO 
patients
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Fig. 6. Probability of CLD for different levels of OI for meconium as-
piration syndrome (MAS) patients with or without ECMO. The high-
risk OI level for MAS patients is 44, which is critical for CLD 
developement if ECMO is not performed

times in ECMO patients (P = 0.0347), and was higher 
for those with OI > 33.2 (P = 0.094). CLD incidence was 
also higher in ECMO-treated patients (40.8% vs 12%) 
(P = 0.000). CLD risk was increased fi ve fold in the ECMO 
group (P = 0.0001). The probability of CLD development 
increased on OI elevation (Fig. 4).

High OI was not a signifi cant predictor of mortality 
(P = 0.176) but was a good predictor for the development 
of CLD (P = 0.001). CLD was related with higher OI levels 
because patients with chronic pulmonary disease had sig-
nifi cantly higher OI levels than others (median 44.2 vs 21.8) 
(P = 0.001). A one unit increase in OI increased the CLD 
risk by 1.46% (P = 0.0077). CLD risk was signifi cantly in-
creased for OI > 33.2 (P = 0.0003). Patients with an OI > 
33.2 had a 3.2 times greater CLD risk. As shown in Fig. 5, 
the probability of CLD is constant for ECMO-treated pa-
tients, but it shows a direct relationship with OI values for 
other patients. The data gathered from logistic regression 
analysis for CLD risk is used in this fi gure to display its rela-
tion with OI. For non-ECMO patients, the CLD risk is 
lower than that for ECMO-treated patients until OI ex-
ceeds 49. With OI values greater than 49, the CLD risk in 
the non-ECMO group exceeds the CLD risk in the ECMO 
group (Fig. 5).

The mortality rate was higher in CHD (25%) and CDH 
(22.2%) patients, whereas the incidence of CLD was higher 
in CDH (50%) and MAS (31%) patients. For CDH the 
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Discussion

The criteria for ECMO institution require both reversible 
cardiorespiratory failure and a high likelihood of mortality. 
The evolution of neonatal intensive care over the past 
20 years, particularly the application of HFOV, surfactant 
therapy, and iNO, demands that the defi nition of “high 
likelihood of mortality” be constantly reevaluated. The 
safety and potential treatment-related morbidity associated 
with ECMO use must be assessed. Because of evidence in-
dicating that delay in the initiation of ECMO may contrib-
ute to the development of CLD,11 intensivists need reliable 
criteria so that ECMO can be confi dently initiated. Based 
on our retrospective 6-year clinical experience, we suggest 
a cut-off OI value of 33.2 for ECMO initiation. Overall 
survival for our ECMO patients was 87.7%, similar to that 
in previous reports.12

An OI ≥ 40 has previously been reported to be associated 
with a 21%–90% mortality rate.9,13 Our data show a mortal-
ity rate of 11.5% for patients with OI ≥ 33.2. This data sup-
ports the previous reports that OI predicts mortality.13 We 
have demonstrated that a one unit elevation in OI increases 
the probability of ECMO use by 11% and the risk of mor-
tality by 1%. The rising probability of ECMO use and risk 
of mortality on OI elevation are demonstrated in Fig. 2 and 
Fig. 3, respectively.

The incidence of CLD in these ECMO-treated newborns 
was similar to the previously reported data that one-half to 
one-third of neonatal ECMO survivors were re-hospitalized 
or received outpatient treatments for recurrent respiratory 
illnesses.13,15 Some of the previous studies demonstrated 
that the outcome in patients treated with ECMO is no 
worse than it is in neonates with comparable illnesses treat-
ed with conventional therapy, whereas other investigators 
believe the relative risk of abnormal pulmonary outcome 
following ECMO is even less than that following conven-
tional treatments.8,15,16 Our data suggest that ECMO-treated 
patients carry a higher risk of CLD (40.8% vs 11.4%) com-
pared with newborns treated without ECMO. The worst OI 
scores were associated with outcome. The probability of 
CLD development increased on OI elevation (Fig. 4). The 
CLD incidence seems to be much more strongly related 
with high OI levels than with the use of ECMO itself (Fig. 
5). As is seen in Fig. 5, the probability of CLD is constant 
for ECMO-treated patients, but it shows a direct relation-
ship with OI values for other patients. For OI > 49, the CLD 
risk for the non-ECMO group exceeds the CLD risk for the 
ECMO group (Fig. 5). We can thus suggest that the CLD 
risk is lower in patients with OI > 49 who receive ECMO 
than in those treated conventionally. The graph of probabil-
ity is very similar to the one developed particularly for the 
MAS group. The high risk point for OI is about 44 for MAS 
patients, and those with OI < 44 have better pulmonary 
outcomes without ECMO administration (Fig. 6).

As many others have shown, poorer pulmonary outcomes 
are associated with the presence of diaphragmatic hernia.8 
We found a 40% mortality rate and a 100% CLD risk for 
CDH patients who received ECMO with an OI ≥ 33.2.

Conclusion

In conclusion, OI is a predictive criterion for the need for 
ECMO administration. Our 6-year ECMO experience 
demonstrates that OI = 33.2 is the cutoff value for ECMO 
initiation. OI is a good predictor for CLD development. 
The critical OI value for increasing CLD risk if ECMO is 
not used is approximately 40. In particular, for CDH pa-
tients with OI > 33.2, the risk of CLD is 100% with 40% 
mortality even with ECMO. These analyses support the 
trend to favor new interventions over ECMO, especially 
for OI < 33.2. For patients with OI > 49, the CLD risk is 
less in those undergoing ECMO than in those treated con-
ventionally. In other words, only when the probability of 
ventilator-associated lung injury becomes signifi cant is it 
better to consider ECMO over conventional modalities.
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