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Supplemental Methods 

 
Subject enrollment 

The Colorado Multiple Institutional Review Board approved all protocols under full review since protected health 

information (PHI) was collected from each subject’s medical record. Biological specimens were obtained for 

research by noninvasive means. The protocol was given expedited status upon full review. Informed consent was 

obtained from the mothers of sixty-two preterm infants who were enrolled in the study at the time of delivery. CB 

was collected and processed as previously described 1 and outlined below. Mothers were eligible if they were 

admitted to the University Hospital Anschutz Inpatient Pavilion, delivering a baby of ≥ 24 weeks gestation, and 

capable of consenting for the study. Exclusion criteria included known HIV/HBV/HCV infection. Patients were not 

excluded for other prenatal diagnoses, but these data were noted. If the collected CB volume was less than 5 ml, the 

infant was not enrolled in the study.  

 

Data collection 

Research nurses from the Perinatal Clinical Translation Research Center collected protected health information 

(PHI) from the medical records of the mother and infant until the time of hospital discharge. The obstetric team 

made a diagnosis of clinical chorioamnionitis in the setting of uterine tenderness and maternal fever when no other 

source of fever (such as urinary or upper respiratory infection) was apparent. A diagnosis of intrauterine growth 

restriction (IUGR) was assigned when weight was less than the 10th percentile and occipitofrontal circumference 

was greater than the 10th percentile at birth. PHI was de-identified, documented in a case report form (CRF), and 

stored in a secure REDCap database 2. When monochorionic twins (shared circulation) were enrolled, one CB 

sample was obtained and PHI was collected for each infant.  

 

Determination of BPD status 

The presence and severity of BPD was determined in accordance with NIH criteria (Fig S1) 3. An adjustment was 

made to the FiO2 due to the local altitude of 1600m. In short, infants who required less than four weeks of oxygen 

had no BPD. Among those with BPD, an oxygen reduction test (see protocol) was performed when indicated. 

Infants with an FiO2 less than 0.26 had mild BPD. Those with an FiO2 of 0.26-0.35 had moderate BPD. Infants 
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requiring an FiO2 of greater than 0.35 or positive-pressure (mechanical ventilation [MV], continuous positive airway 

pressure [CPAP], or high-flow oxygen of 2 liters per minute or more) had severe BPD. Some infants (n=12) who 

were receiving very low flow oxygen were discharged home before the oxygen reduction test was performed. In 

these cases, an oxygen flow rate at discharge of 25 ml or less was deemed to be mild BPD (n=8) and a flow rate of 

greater than 25 ml was deemed to be moderate BPD (n=4). The subjects were separated into two groups, those with 

mild BPD or none at all and those with moderate or severe BPD. This was based on the rationale that, at sea level, 

infants with mild or no BPD do not require supplemental oxygen at the time of diagnosis (by reduction test). 

However, analysis was also performed comparing the infants with no BPD to those with BPD regardless of the 

severity.  

 

Cord blood samples and mononuclear cell isolation 

Preterm CB samples (gestational age 24-36 weeks) were collected at the time of birth in heparinized 60ml syringes 

directly from the umbilical vein of preterm infants. Samples were transferred to heparinized tubes, labeled with the 

gestational age, and transported to the research laboratory at room temperature. All samples were kept at room 

temperature and processed within 24 hours of collection. The researchers who processed the CB samples were aware 

of the gestational age of the newborn, but were blinded to all other clinical data. CB samples were processed as 

follows: 15ml of blood was diluted in 20ml phosphate buffered saline (PBS; Invitrogen; Carlsbad, CA) and placed 

in 50ml conical vials. Blood was underlaid with 15ml of Ficoll-Paque PLUS (Amersham Biosciences; Piscataway, 

NJ) using a steel pipetting needle (Popper and Sons; Lincoln, RI) and then centrifuged at 740g for 30 minutes. In 

cases where less than 15 ml of blood was available, the proportions of PBS and Ficoll-Paque PLUS were adjusted 

accordingly. The mononuclear cell (MNC) buffy coat was then collected and washed 3 times with complete EGM-2 

media (EBM-2 media with SingleQuot Bullet Kit [hydrocortisone, human epidermal growth factor, human fibroblast 

growth factor-basic, insulin-like growth factor-1, vascular endothelial growth factor, ascorbic acid, heparin, 

gentamycin; Lonza; Mapleton, IL], 10% fetal bovine serum [FBS; Hyclone; Logan, UT], and 2% 

antibiotic/antimycotic [penicillin, streptomycin, amphotericin B; Invitrogen]). 

 

Culture and quantification of ECFC colonies 
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Washed MNCs were enumerated and then plated on cell culture plates coated with type 1 rat-tail collagen (BD 

Biosciences; San Jose, CA) at a density of 5x106 cells/cm2. Cells were incubated in room air (37°C, 5% CO2). 

Complete EGM-2 media was changed daily for seven days then three times per week. ECFC colonies (Fig S2A) 

were identified daily and enumerated on day 14 using light microscopy 4. Once isolated, low-passage (p2-3) ECFCs 

were characterized by immunohistochemistry, polychromatic flow cytometry (PFC), in vitro tube formation, and a 

single-cell assay to confirm self-renewal  (Fig S2B-E) 1. In order to ensure that ECFCs were not migrating or being 

removed during feeding, the removed media from 6 cell wells was re-plated on collagen-coated plates and observed 

for 14 days.  No secondary colonies were observed during this control measure. 

 

Polychromatic flow cytometry 

To measure circulating progenitor cell populations, we analyzed MNCs using PFC (Fig S3A-C). 0.5-1.0 x 106 cells 

were resuspended in 80 µl of DNase Staining Buffer (PBS with 2% FBS, 80 units/ml dornase alfa [Sigma; St. Louis, 

MO]) to prevent cell clumping, and 20 µl mouse serum to prevent nonspecific binding of antibodies. Cells were then 

washed and stained with the following antibodies: CD14-PE-Cy5.5 (abCAM ab25395), CD31-FITC (BD 555445), 

CD34-allophycocyanin (BD 555824), CD45-APC-AF750 (Invitrogen MHCD4527), CD133-PE (Miltenyi Biotec 

130-080-801; Auburn, CA), and CD235a (Glycophorin-A-biotin; for erythrocyte exclusion; Ancell 122-030; 

Bayport, MN) with a streptavidin-Pacific Blue secondary antibody (Invitrogen S11222), and the LIVE/DEAD 

fixable violet dead cell stain kit (Invitrogen L34955). A wash step after the biotinylated antibody ensured proper 

binding of the secondary antibody. We utilized CompBeads (BD 51-90-9001229) as single stain controls in order to 

establish appropriate multicolor compensation. Gating was established using an unstained control and fluorescence 

minus-one control samples (each incubated with all but one of the above antibodies). In two-dimensional scatter 

plots, bi-exponential gating was utilized to ensure that dim populations were appropriately identified near each axis 

5, 6. A FACS gating strategy was employed to exclude dead cells, erythrocytes, and CD14-positive macrophages. 

Cell populations were quantified as a percentage of the gated CD14-negative MNCs after erythrocytes and dead cell 

exclusion. Angiogenic (CD45dimCD34+CD31+AC133+) and non-angiogenic (CD45dimCD34+CD31+AC133-) CPCs 

were measured so that the CPC:non-CPC ratio could be determined using established methods 5, 7. Additionally, 

CD34brightCD45- cells were quantified since this small population has been reported to contain ECFCs.8 

CD34+AC133+KDR+ EPCs were not measured in this study. This was based on the observation of our lab and others 



5 

that commercially available KDR antibodies demonstrate concentration-dependent staining and cannot be titrated.5 

PFC analysis was performed using a CyAn 9-color flow cytometer (Beckman Coulter) and re-analyzed using 

FlowJo software (v. 9.3.2). 

 

To characterize isolated ECFCs, low-passage (p3) cells were stained with a single antibody or the appropriate 

isotype control (Fig S2D). Cultured ECFCs were stained with either one of the following single antibodies or the 

appropriate FITC-mouse IgG1κ isotype control (BD 555748). Antibodies included: CD31-FITC (BD 555445), 

CD34-FITC (BD 555821), CD45-FITC (BD 560976), CD105-FITC (BioLegend 312403; San Diego, CA), and 

CD146-FITC (R&D Systems FAB932F; Minneapolis, MN). Cultured ECFCs were stained and analyzed with at 

least 100,000 events analyzed per sample. 

 

Immunohistochemistry 

Immunohistochemistry was performed to characterize ECFCs by their expression of common endothelial markers 

(Fig S2B). Early-passage (p3) ECFCs were plated on type-1 collagen-coated 4-chamber tissue culture slides (BD 

Falcon) at a density of 2500 cells per well. Attached cells were incubated in room air (37°C, 5% CO2) for 3-4 days 

until 90% confluent. They were then washed with PBS, fixed with 4% paraformaldehyde (15 minutes) and then 

permeabilized with methanol (15 minutes) and 0.1% Triton-X (5 minutes). 2% horse serum and 0.1% bovine serum 

albumin (BSA) were used as blocking agents to prevent non-specific binding. Cells were washed with 0.1% BSA in 

PBS after blocking and between primary and secondary antibodies. Primary antibodies included the following 

endothelial markers: eNOS (BD Biosciences 610297), VE-Cadherin (Cayman 160840; Ann Arbor, MI), vWF-8 

(Dako A0082), and CD31 (Dako M0823). Cells were then incubated with the appropriate FITC-conjugated goat-

anti-mouse (Invitrogen A21202) or PE-Texas Red-conjugated goat-anti-rabbit (Invitrogen A21207) secondary 

antibody. Finally, nuclei were stained with 4’, 6-diamidino-2-phenylindole (DAPI; Vector; Burlingame, CA). 

Images were obtained using an Olympus IX71 fluorescence microscope (Olympus; Center Valley, PA). Three filters 

were used to acquire images: DAPI (Blue); eNOS and CD31 (Green); VE-Cadherin and vWF (Red). 

 

Tube formation assay 
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In a 24-well tissue culture plate, rat-tail collagen was cross-linked with 0.2% flavin mononucleotide using a UV 

Stratalinker 1800 (Stratagene; Santa Clara, CA). The ability of ECFCs to form vascular structures in vitro was 

assayed by plating 2.5x104 ECFCs/well in serum-free EBM-2 media (Lonza). After plating, ECFCs were incubated 

in room air at 37°C and the center of each well was imaged at 4 hours using an Olympus IX71 fluorescence 

microscope (Fig S2C). 

 
Single Cell Assay 

Low-passage ECFCs were studied in a single-cell assay to demonstrate the capacity for self-renewal. A MoFlo cell 

sorter (Dako) was used to sort a single ECFC into each well of a collagen-coated 96-well tissue culture plate in 

complete EBM-2 media (Lonza) with 2.5% FBS. In order to minimize disruption of the cells, half of the 200 µl 

volume of media was replaced every other day. Cells were maintained in room air at 37°C for 14 days. Cells are 

then fixed with 4% paraformaldehyde, rinsed with PBS, and stained with propidium iodide to facilitate imaging with 

the Olympus IX71 fluorescence microscope (Fig S2E).  

 
Statistical Analysis 

Non-parametric data were analyzed using a Mann Whitney test and are presented as medians with interquartile 

ranges (IQR). Normally distributed data were analyzed using an unpaired t-test and are presented as means with 

standard deviations (SD). All results are shown as dot plots and medians are indicated. Spearman’s correlation 

coefficients were utilized to compare ECFC number with gestational age and birth weight. For analysis of 

categorical data between two study groups, Fisher’s exact test was used. Statistical analysis was performed with the 

Prism software package (v. 5.0, GraphPad). Significance level was set at α = 0.05. 

 
Protocol for oxygen reduction test 

 
Oxygen Reduction Test Protocol 

 
Initial assessment:  DAY OF LIFE 28 (for all subjects) 
 
 Is the subject still receiving any combination of the following? 
  Mechanical ventilation:     Yes   No 
  CPAP/BiPAP:      Yes   No 
  Supplemental O2 (high or low flow):   Yes   No    
 
 If “No” to ALL, then “no BPD.” 
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 If “Yes” to any, BPD Severity must be determined by secondary assessment. 
  
Secondary assessment: 
 
WHEN TO PERFORM THE OXYGEN REDUCTION TEST: 

If infant born at <32 wk gestation, this test is to be performed when the subject is 36±1 wk postmenstrual age (as 
close to 36 wk as practical). If subject is to be discharged or transferred to another facility prior to this time, the 
test should be performed beforehand. 
 
If infant born at ≥32 wk gestation, this test is to be performed on day of life 56 (as close to DOL 56 as practical). 
If subject is to be discharged or transferred to another facility prior to this time, the test should be performed 
beforehand. 
 
CRITERIA FOR PERFORMING OXYGEN REDUCTION TEST: 

 Inclusion criteria: 
1. Subject required oxygen supplementation, mechanical ventilation and/or CPAP/BiPAP for the first 28 

days of life.  (If not, diagnosis: “No BPD”) 
2. Current oxygen flow rate of less than 2 liters per minute (regardless of FiO2).  (If flow is equal to or 

greater than 2 LPM, the test is not indicated and diagnosis: “Severe BPD.”) 
3. Subject’s oxygen requirement has been stable (± 5% change) for previous 24 hours. 
4. At least 30 minutes after feeding. If continuously fed, feedings must be stopped for at least 30 minutes. 
5. Research RN must have the permission of the primary neonatal care team. 
 
Exclusion criteria: 
1. Subject weaned to room air before DOL 28. (Diagnosis: “No BPD”) 
2. Subject currently requiring mechanical ventilation, CPAP/BiPAP support, or high-flow oxygen greater 

than or equal to 2 LPM. (Diagnosis: “Severe BPD”) 
3. Sedation medication administered within previous 4 hours. 
4. Patient determined too unstable for test by primary team. 
 
NOTE: For subjects who required 28 days of support (mechanical ventilation, 
CPAP/BiPAP, oxygen supplementation), but have been weaned to room air for some 
time, an oxygen reduction test may not be necessary.  Please contact PI to discuss this 
infrequent situation. 
 

Equipment needed: 
Oxygen Analyzer 
Head Hood 
Oxygen blender 
Humidifier 
Oxygen tubing 

 
Monitoring During Test 

1. A neonatal research nurse, who is trained in the administration of this protocol, shall observe the entire 
test. 

2. Subjects will be continuously monitored with cardiorespiratory and pulse oximetry monitors. 
3. Values for heart rate, respiratory rate, oxygen saturation, frequency of apnea (cessation of breathing > 

20 seconds), and bradycardia (heart rate < 80 beats per minute for > 10 seconds) are to be recorded on 
the data sheet every 60 seconds. 

4. All occurrences of movement artifact (defined as visible motion of the infant and loss of the 
plethysmographic signal) are to be recorded.    

 
Test Procedures 
 For patients on Room Air: 
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1. Subject is to be observed at baseline for a 30-minute period. 
2. If subject fails (failure is defined as saturation between 80-89% for 5 consecutive minutes or 

< 80% for 15 seconds), then proceed to Head Hood test with starting FiO2 of 0.25. 
3. If the subject maintains saturations ≥ 95% for 15 minutes, the test can be terminated and the 

subject will be recorded as having a FiO2 of 0.21. (Diagnosis: “Mild BPD”) 
4. If subject’s saturations are 90-95%, the subject must be observed for 30 minutes without 

meeting failure criteria to be recorded as having passed the test. (Diagnosis: “Mild BPD”) 
 

For Subjects on Nasal Cannula Oxygen: 
1. Place child supine in Head Hood (provided by the study) with oxygen concentration equal to 

the current effective FiO2 (using Table A1 and A2 as described below). 
2. Insert oxygen analyzer directly above the subject’s head inside the hood. 
3. Proceed to Head Hood test. 

 
For Subjects receiving Head Hood Oxygen: 

1. Assure that subject is supine within the hood. 
2. Place oxygen analyzer directly above the subject’s head inside the hood. 
3. Proceed to Head Hood test. 

 
 

Head Hood Oxygen Reduction Test: 
For this test failure is defined as saturations between 80-89% for 5 consecutive minutes or < 80% 
for 15 seconds.  

1. Adjust FiO2 to subject’s baseline amount or 0.25 if failed initial room air test. 
2. Monitor subject for 15 minutes at baseline oxygen level. 

a. If subject does not meet failure criteria, the infant is eligible to proceed to the 
reduction phase (#3). 

b. If the subject meets failure criteria, increase FiO2 by 0.02 increments until failure 
criteria are avoided for 15 minutes. Record the final oxygen level as the subject’s 
required FiO2. 

3. Decrease FiO2 by 0.02 increments every 10 minutes as long as failure criteria are not met. 
a. If failure criteria are met, record final FiO2 plus 0.02 as the subject’s required FiO2. 

4. Once room air is achieved monitor subject to ensure failure criteria are not met.  
a. Rapid pass criteria are met if subject maintains saturations ≥95% for 15 minutes on 

room air. Record subject as having passed the test. (Diagnosis: “Mild BPD”) 
b. Pass criteria are met if subject maintains saturations ≥90% for 30 minutes on room 

air. Record subject as having passed the test.  (Diagnosis: “Mild BPD”) 
c. If failure criteria are met, record the subject’s required FiO2 as 0.23. 

5. If still undetermined, BPD severity is based on the subject’s required FiO2 (i.e., the final result 
of the head hood test): 

a. FiO2 < 0.26 = “Mild BPD” 
b. FiO2 = 0.26 – 0.35 = “Moderate BPD” 
c. FiO2 > 0.35 = “Severe BPD” 

 
Calculating Effective FiO2 (the starting point for head hood oxygen reduction test) 
Effective FiO2 is calculated with tables that simplify the use of the equations described in Tables A1 and A2 
9. The infant's weight and nasal cannula flow are used to determine the conversion “factor” from Table A1.  
Then, the factor and oxygen concentration are used with Table A2 to determine the effective FiO2. 

 
Factor = 100 x min (1, L/min per kg). These calculations assume that there is a constant nasal flow over the 
inspiratory cycle and the upper airway does not act as a reservoir. Additional assumptions for infants include the 
following: inspiration time = 0.3 seconds; tidal volume = 5 mL/kg body weight. Either inspiration is entirely nasal or 
cannula flow is low enough so that, in each inspiration, the infant inhales all output from the cannula. (For most 
study infants, if flow [L/min] exceeds body weight [kg], then effective FiO2 equals the nasal cannula oxygen 
concentration.) 
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Example: a hypothetical neonate weighs 2.5 kg, with a nasal cannula flow of 0.25 L/min and FiO2 of 0.40. With 
Table A1, weight and flow are found on the 2 borders of the table; where they cross yields a factor of 10. With Table 
A2, the factor of 10 is crossed with the oxygen concentration of 40% to yield a predicted effective FiO2 of 0.23 (23% 
oxygen concentration). 
 
TABLE A1. Factor as a Function of Flow and Weight 

Flow, L/min 

Weight, kg 
 

0.7 1.0 1.25 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
5.
5 

 

0.01 1 1 1 1 1 0 0 0 0 0 0           

0.03 4 3 2 2 2 1 1 1 1 1 1           

0.06 9 6 5 4 3 2 2 2 2 1 1           

0.15 21 15 12 10 8 6 5 4 4 3 3           

0.25 36 25 20 17 13 10 8 7 6 6 5           

0.50 71 50 40 33 25 20 17 14 13 11 9           

0.75 100 75 60 50 38 30 25 21 19 17 14           

1.00 100 100 80 67 50 40 33 29 25 22 18           

1.25 100 100 100 83 63 50 42 36 31 28 23           

1.50 100 100 100 100 75 60 50 43 38 33 27           

2.00 100 100 100 100 100 80 67 57 50 44 36           

3.00 100 100 100 100 100 100 100 86 75 67 55           
 

 
TABLE A2. Calculation of Effective FiO2 

Factor 

Oxygen Concentration, % 
 

21 22 25 30 40 50 100 

 

0 21 21 21 21 21 21 21       

1 21 21 21 21 21 21 22       

2 21 21 21 21 21 22 23       

3 21 21 21 21 22 22 23       

4 21 21 21 21 22 22 24       

5 21 21 21 21 22 22 25       

6 21 21 21 22 22 23 26       
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7 21 21 21 22 22 23 27       

8 21 21 21 22 23 23 27       

9 21 21 21 22 23 24 28       

10 21 21 21 22 23 24 29       

11 21 21 21 22 23 24 30       

12 21 21 21 22 23 24 30       

13 21 21 22 22 23 25 31       

14 21 21 22 22 24 25 32       

15 21 21 22 22 23 25 33       

17 21 21 22 23 24 26 34       

18 21 21 22 23 24 26 35       

19 21 21 22 23 25 27 36       

20 21 21 22 23 25 27 37       

21 21 21 22 23 25 27 38       

22 21 21 22 23 25 27 36       

23 21 21 22 23 25 28 39       

25 21 21 22 23 25 28 41       

27 21 21 22 23 25 29 42       

28 21 21 22 24 26 29 43       

29 21 21 22 24 27 29 44       

30 21 21 22 24 27 30 45       

31 21 21 22 24 27 31 47       

33 21 21 22 24 27 31 47       

36 21 21 22 24 28 31 49       

38 21 21 23 24 28 32 51       

40 21 21 23 25 29 33 53       

42 21 21 23 25 29 33 54       

43 21 21 23 25 29 33 55       

44 21 21 23 25 29 34 56       

50 21 21 23 25 30 35 60       

55 21 22 23 26 31 37 64       

57 21 22 23 26 32 38 66       

60 21 22 23 26 32 38 68       
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63 21 22 24 27 33 39 71       

67 21 22 24 27 34 40 74       

71 21 22 24 27 34 42 77       

75 21 22 24 28 35 43 80       

80 21 22 24 28 36 44 84       

83 21 22 24 28 37 45 87       

86 21 22 24 29 37 46 89       

100 21 22 25 30 40 50 100       
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Supplemental Figure Legends 
 

Figure S1. Criteria for determining the severity of BPD using published diagnostic criteria (adjusted for an 

altitude of 1600 meters). 

 

Figure S2. (A) Low-power (40x) image of a typical late-outgrowth ECFC colony at day 14.  Insert: high-

power image (100x) demonstrating the typical endothelial-like morphology of the colony. (B) 

Immunohistochemistry of ECFCs. Staining for eNOS (red, upper left), VE-cadherin (green, upper right), von 

Willebrand factor (green, lower left), and PECAM (CD31, red, lower right). All images are stained for DAPI-

positive nuclei (blue). (C) Tube formation assay. ECFCs form tube-like structures when suspended in a mixture of 

collagen and EBM-2 media. (D) Single-stain flow cytometry profile. Each single-stain result (gray) is compared to 

the appropriate isotype control (white). ECFCs stain strongly positive for CD31, CD146, and CD105, but negative 

for CD45 and weakly positive for CD34. (E) Single-cell assay for self-renewal. Single ECFCs were placed in each 

well of a 96-well plate using fluorescence-activated cell sorting and cultured for 14 days. The images show that 

some cells differentiate and stop multiplying (upper left) while others proliferate at variable rates. 

 

Figure S3.  Polychromatic flow cytometry gating strategy for determining CPC:non-CPC ratio. (A) Linear 

forward scatter vs. side scatter plot to identify MNC population. Erythrocytes, dead cells, and CD14+ macrophages 

are then excluded by histogram gating (not shown). (B) Scatter plot of CD14- MNCs for CD45 and CD34 expression 

reveals a CD45dimCD34+ population (parent population of CPCs) as well as a CD45-CD34bright population (ECFCs). 

(C) Contour plot of CD45dimCD34+ MNCs for AC133 and CD31 expression reveals the angiogenic CPC 

(CD45dimCD34+CD31+AC133+) and non-angiogenic CPC (CD45dimCD34+CD31+AC133-) populations used to 

calculate the CPC:non-CPC ratio. 

 

Figure S4.  Comparisons of angiogenic progenitor levels that lacked statistical significance.  (A) The CPC:non-

CPC ratio was not different between infants with no BPD (n=19; solid circles) and those with BPD of any severity 

(n=29; open circles; p = NS). Among infants born at ≤ 28 weeks, (B) the CPC:non-CPC ratio was no different 

between study groups. (C) A small correlation was observed between CB ECFC number and birth weight (Spearman 
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r = 0.26; p = 0.04). (D) Comparison of CB ECFC number and the CPC:non-CPC ratio showed a small correlation 

(Spearman r = 0.33; p = 0.02). (E) There was no difference between infants born to mothers with preeclampsia 

(n=13; open circles) as compared to those without preeclampsia (n=49; solid circles; p = 0.23). (F) There was no 

significant difference between infants who did receive prenatal corticosteroids (CS; n=44; solid circles) and those 

who did not (n=16; open circles; p = 0.12). 
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Table S1. Clinical characteristics of the newborn infants (by BPD subgroup). 
 

Characteristic No BPD Mild BPD 
Moderate 

BPD Severe BPD p-value* 

Total Subjects 26 23 9 4  
Gender (male/female) 9/17 6/17 6/3 3/1 0.36 
Born before 28 weeks - %, n 0, 0 39.1, 9 33.3, 3 50, 2 0.50 
Gest Age - wks (mean, SD) 34.6, 1.1 29.9, 2.4 30.1, 2.5 30.1, 4.8 0.02 
Birth Weight - g (mean, SD) 2196, 353 1340, 355 1178, 391 1430, 696 0.002 
Length - cm (mean, SD) 45.4, 2.0 39.0, 4.0 36.8, 5.1 40.8, 8.2 0.005 
OFC - cm (mean, SD) 31.2, 1.5 26.9, 2.6 26.8, 3.3 27.6, 3.4 0.03 
Maternal Smoking - %, n 15.4, 4 0, 0 12.5, 1 25.0, 1 0.60 
Preeclampsia - %, n 30.8, 8 8.7, 2 33.3, 3 0, 0 1.00 
Diabetes - %, n 7.7, 2 8.7, 2 22.2, 2 0, 0 0.60 
Prenatal Corticosteroids - %, n 42.3, 11 100, 23 100, 7 75.0, 3 0.26 
Caesarian Section - %, n 50.0, 13 39.1, 9 66.7, 6 50.0, 2 0.36 
Maternal Antibiotics - %, n 80.8, 21 95.7, 22 77.8, 7 75.0, 3 0.38 
Chorioamnionitis - %, n 3.8, 1 38.1, 8 11.1, 1 0, 0 0.44 
Intrauterine Growth Restriction - %, n 7.7, 2 4.3, 1 22.2, 2 25.0, 1 0.10 
Apgar 1 min (median, IQR)  8, 7-8 6, 5-8 3, 2-7 6, 4-8 0.004 
Apgar 5 min (median, IQR) 9, 8-9 8, 7-9 7, 3-9 7, 7-8 0.003 
Vent days (median, IQR) 0, 0 2, 0-4 4, 1-6 33, 5-51 <0.001 
CPAP days (median, IQR) 0, 0-1 3, 2-13 8, 3-19 0, 0-36 0.02 
CPAP+Vent days (median, IQR) 0, 0-1 6, 2-14 9, 8-26 33, 5-87 <0.001 
Total O2 days (median, IQR) 0, 0-9 44, 35-66 65, 61-90 76, 33-115 <0.001 
Intraventricular Hemorrhage - %, n 0, 0 4.3, 1 44.4, 4 0, 0 0.006 
ROP (abnormal exam)- %, n 3.8, 1 60.9, 14 77.8, 7 100, 2 0.02 
ROP (laser treatment)- %, n 0, 0 4.3, 1 0, 0 0, 0 1.00 
Necrotizing Enterocolitis - %, n 0, 0 8.7, 2 0, 0 25.0, 1 0.51 
Patent Ductus Arteriosus - %, n 0, 0 8.7, 2 44.4, 4 75.0, 3 <0.001 
Postnatal Sepsis - %, n 0, 0 17.4, 4 0, 0 0, 0 0.57 
 
Patient characteristics.  Definitions: n = number of subjects within a study group with the given condition; BPD = 
bronchopulmonary dysplasia; OFC = occipitofrontal circumference; CPAP = continuous positive airway pressure; 
O2 = supplemental oxygen; ROP = retinopathy of prematurity; SD = standard deviation; IQR = interquartile range.  
* p-value comparison for None/Mild BPD versus Moderate/Severe BPD 
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Table S2  Measures of diagnostic accuracy of cord blood ECFC number and CPC:non-
CPC ratio for prediction of moderate or severe BPD. 
 
 

 Moderate or Severe BPD 
 Sensitivity Specificity PPV NPV RR 
ECFC number ≤ 3 100 (13/13) 

[75, 100] 
57 (28/49) 
[42, 71] 

38 (13/34) [22, 56] 100 (28/28) [88, 100] N/A* 

ECFC number = 0 77 (10/13) 
[46, 95] 

84 (41/49) 
[70, 93] 

56 (10/18) [31, 78] 93 (41/44) [81, 99] 8.1 [2.5, 
26.2] 

CPC:nonCPC < 2 80 (8/10) 
[44, 97] 

67 (24/36) 
[49, 81] 

40 (8/20) [19, 64] 92 (24/26) [75, 99] 5.2 [1.2, 
21.9] 

 

Measures of diagnostic accuracy.  Data presented as percentages with numbers used to 
determine percentage in parentheses. Square brackets indicate 95% confidence intervals.  
Definitions of abbreviations: PPV = positive predictive value; NPV = negative predictive value; 
RR = relative risk. * cannot be calculated when sensitivity is 100% 
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Figure S1 
 
DEFINITION OF BRONCHOPULMONARY DYSPLASIA:  
DIAGNOSTIC CRITERIA (adjusted for altitude 1600m)* 
Gestational Age  < 32 wk  ≥ 32 wk 

 
Time point of 
assessment 

36 wk PMA or discharge, whichever first > 28 days but < 56 days postnatal age 
or discharge, whichever first 
 

 Treatment w/ oxygen > 26% for at least 28 d and: 
 

Mild BPD FiO2 < 0.26 by O2 reduction test** (at 36 
wks PMA or discharge, whichever first) 

FiO2 < 0.26 by O2 reduction test** (at 
56 days or discharge, whichever first)  

 
Moderate BPD FiO2 0.26 – 0.35 by O2 reduction test** (at 

36 wks PMA or discharge, whichever 
first) 

FiO2 0.26 – 0.35 by O2 reduction test** 
(at 56 days or discharge, whichever 
first) 

  
Severe BPD FiO2 > 0.35 by O2 reduction test** and/or 

positive pressure (NCPAP or PPV) (at 
day of life 56 or discharge, whichever 
first) 

FiO2 > 0.35 by O2 reduction test** 
and/or positive pressure (NCPAP or 
PPV) (at 56 days or discharge, 
whichever first) 

  
*  Based on an approximation using the alveolar gas equation, a 0.05 correction factor is applied to the FiO2 for an altitude of 
1600m. 
 
** A physiologic test confirming that the oxygen requirement at the assessment time point remains to be defined. This assessment 
may include a pulse oximetry saturation range. BPD usually develops in neonates being treated with oxygen and positive pressure 
ventilation for respiratory failure, most commonly respiratory distress syndrome. Persistence of clinical features of respiratory 
disease (tachypnea, retractions, rales) are considered common to the broad description of BPD and have not been included in the 
diagnostic criteria describing the severity of BPD. Infants treated with oxygen > 26% and/or positive pressure for non-respiratory 
disease (e.g., central apnea or diaphragmatic paralysis) do not have BPD unless they also develop parenchymal lung disease and 
exhibit clinical features of respiratory distress. A day of treatment with oxygen > 26% means that the infant received oxygen > 26% 
for more than 12 hours on that day. Treatment with oxygen > 26% and/or positive pressure at 36 weeks gestation, or at 56 days 
postnatal age or discharge, should not reflect an “acute” event, but should rather reflect the infant’s usual daily therapy for several 
days preceding and following the assessment (at 36 weeks gestation, 56 days postnatal age, or discharge). 
 

Adapted from the NHLBI Workshop Summary. 3 
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Figure S2A 
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Figure S2B 
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Figure S2C 
 



20 

 
Figure S2D 
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Figure S2E 
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Figure S3A 
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Figure S3B 
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Figure S3C 
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Figure S4A 
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Figure S4B 
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Figure S4C 
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Figure S4D 
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Figure S4E 
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Figure S4F 
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