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Web table. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses 

Article Country 
 

Sample 
Size** 
  

Confounders* Drug Results 
 

PPHN Criteria/Definition  PPHN Severity / Outcome 

Chambers 
et al,

2
 

2006
a,b,c

 

USA, 
Canada 

SSRI 
Exposed 
Late (>20 

weeks 
(wks)) =20 

(PPHN 
n=14) 

 
SSRI 

Exposed 
Early (<20 
wks)=20 

(PPHN n=2) 
 

SSRI 
Exposed at 
any time 

=40 (PPHN 
n=16) 

 
SSRI 

Unexposed 
=1,173 
(PPHN 
n=361) 

 
Any Anti-

depressant 

Unexposed 

=1,156
e,j 

 
(PPHN 
n=357) 

Excluded: infants ≤34 
wks gestation at birth; 
women unable to be 
contacted and invited 
to participate; infants 
with any cardiac 
anomaly evidence 
(other than patent 
foramen ovale, patent 
ductus arteriosus, an 
atrial septal defect, 
single/small ventricular 
septal defect) 
 
Matched for: hospital of 
delivery;  birth date 
(±30 days) 
 
Adjusted for: maternal 
race/ethnic group; 
diabetes; prepregnancy 
BMI 
(adjustment for factors 
such as alcohol, 
smoking,  NSAIDs use in 
late pregnancy did not 
alter  results 
substantially) 
 
 

SSRIs 
(Fluoxetine, 
Paroxetine, 
Sertraline, 
Citalopram) 
 
 

Exposed Late  
vs. SSRI 
Unexposed: 
AOR=6.1; 95% 
CI= 2.2-16.8; 
P=.001 
 
Exposed Early  
vs. SSRI 
Unexposed: 
AOR=0.3; 95% 
CI= 0.1-1.2; 
P=.08 
 
SSRI Exposed at 
any time vs. 
Any 
Antidepressant 
Unexposed: 
AOR=1.6; 95% 
CI= 0.8-3.2; 
P=.16) 
 
 

Medical records reviewed for PPHN.  
Diagnostic criteria: >34 wks, severe 
respiratory failure shortly after birth 
(required intubation/mechanical 
ventilation), and evidence of 
pulmonary hypertension (≥5% 
“gradient between preductal and 
postductal oxygen saturation or by 
echocardiographic evidence” (p 581).   
 
“echocardiogram showed right-to-left 
hemodynamic shunting at the ductus 
arteriosus or at the patent foramen 
ovale… or bidirectional hemodynamic 
shunting accompanied by leftward 
bowing of the ventricular septum to a 
degree consistent with a pulmonary 
arterial pressure more than half of the 
systemic pressure.”(p.581)   
 

“The frequency of infant death up to 
the time of the maternal interview was 
3.0 percent in the PPHN group and 0 
percent in the control group.” (p.582)  
The maternal interview was within 6 
months of delivery. 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

 
 
 

 
 

Andrade 
et al,

10
 

2009
a
 

USA SSRI 
Exposed 

Late (in 3
rd

 
trimester) 

=933 (PPHN 
n=2), 

Any Anti- 
depressant 
Unexposed 

(in 3
rd

 
trimester) 

=1,104 
(PPHN n=3)

 

f,k
 

 
  

Excluded: infants with a 
code for preterm 
delivery (≤34 wks 
gestation) 
 
Matched for: maternal 
age (5-yr age group); 
health plan; year of 
delivery admission 
 
(Collected data on 
PPHN risk factors: 
maternal diabetes; 
asthma; c-section.  
Recorded  race, 
maternal smoking 
status and alcohol use) 

SSRIs 
 

SSRI Exposed 
Late vs. 
Unexposed: 
(Prevalence 
Ratio=0.79; 
95% CI=0.07-
6.89) 
 
 

“A specific ICD-9-CM code for PPHN 
was not available during study 
period.”(p.247)  Created “a list of 
diagnosis (ICD-9-CM) and procedure 
(CPT, ICD-9, HCPCS) codes to identify 
potential”(p.247) PPHN cases 
documented in first 14 days of life.  
Medical chart review conducted when 
one of above identified to confirm 
diagnosis.   Cases could have had 
diagnosis of primary pulmonary 
hypertension, persistent fetal 
circulation or PPHN when considered.  
Cases were categorized as a) 
"Probable/definite" PPHN (>34wks, 
respiratory failure necessitating 
intubation and mechanical ventilation, 
symptoms of pulmonary hypertension 
“documented by >5% gradient 
between pre-ductal and post-ductal 
oxygen saturation or by 
echocardiograph evidence.”(p.248));  
"Possible" PPHN (>34wks, noted PPHN 
in medical chart or echocardiograph 
without adequate evidence to give a 
diagnosis); “unlikely” PPHN.    

Four cases reported to have “resolved 
with conventional ventilation;” while 1 
unexposed PPHN case “required 
dobutamine for blood pressure 
augmentation.” (p.249)  One 
unexposed case had multiple 
congenital malformations and another 
had documented meconium aspiration 
in addition to pulmonary hemorrhage.  
More than one diagnostic and/or 
procedure codes “of Interest” were 
claimed for each case and listed in an  
appendix (i.e., some may have been 
related to severity).   

Wichman 
et al,

11
 

2009
c
 

USA  Exposed at 
any time or 

point 
(“given  at 
least one 

prescription
” or SSRI in 
medication 

Collected data on initial 
timing of exposure 
 
 

SSRIs 
(Citalopram, 
Escitalopram,  
Paroxetine, 
Fluoxetine, 
Sertraline) 
and 
Venlafaxine 

Exposed at any 
time vs. 
Unexposed: 0 
Events (0.0%) 
vs. 16 Events 
(0.07%) (p>.99) 

“Failure of the normal circulatory 
transition that occurs after birth.” 
Pulmonary hypertension leading to 
“hypoxemia and right-to-left 
extrapulmonary shunting of blood.”  
Obstetrical database was searched for 
diagnosis of PPHN and “confirmed by 
individual medical record review” 

Not reported 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

list, 
(p.24))=808 
(PPHN n=0), 
 Unexposed 

=24,406 
(PPHN 

n=16) 
g,h,k

 

 

(p.24).    
 
 

Reis & 
Källén,

1
 

2010
a,b,d

 

Sweden SSRI 
Exposed 

Late 
(prescribed 

by 
antenatal 

care in 
pregnancy) 

=4,759 
(PPHN n=9) 

  
SSRI 

Exposed 
Early (self-
reported 

use in early 
pregnancy 
before 1

st
 

antenatal 
visit, 90% 
within 1

st
 

trimester 
and 

majority in 
10-12

th
 

week) 
=9,860 
(PPHN 
n=15),  

 
SSRI 

Excluded: infants <34 
wks gestation at birth, 
chromosomal 
anomalies.  Although 
congenital anomalies 
were included, the 
following were 
excluded because they 
were considered 
common and not as 
clinically important:  
preauricular 
appendix, patent 
ductus, tongue 
tie, single umbilical 
artery, 
hip subluxation, and 
nevus, 
undescended testicle. 
 
Adjusted for: maternal 
age; maternal BMI 
(using prepregnancy 
weight); year of birth; 
parity; smoking 
 
 

SSRIs 
(Fluoxetine, 
Citalopram, 
Paroxetine, 
Sertaline, 
Fluvoxamine, 
Escitalopram, 
unspecified) 
 
 

Late Exposure 
vs. Unexposed: 
(ARR=2.56; 95% 
CI=1.17-4.85) 
 
Early Exposure 
vs. Unexposed: 
(ARR=2.30; 95% 
CI=1.29-3.80) 
 
Both Early and 
Late Exposure 
vs. Unexposed: 
(ARR=3.44; 95% 
CI=1.49-6.79) 
 
PPHN rate was 
572/1 019 514  
or 0.56 per 
1000 

ICD-10 code (P293B) from chart (code 
only available for births from 1997-
2007, so excluded birth data in PPHN 
analysis for 1995-1996) 
 

Not reported 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

Exposed 
Both Early 
and Late 
=3,300 

(PPHN n=8),  
 

SSRI 
Unexposed 
not clear; 
however 

 1 236 053 
anti-

depressant 
unexposed  
infants in 

the 
population 
(PPHN=572 

of 
1,019,514 

infants born 
1997-

2007)
e,f,k 

 

Wilson et 
al,

11
 

2011
a
 

USA SSRI 
Exposed 
Late (>20 
wks) =6 

(PPHN n=0), 
SSRI 

Unexposed 
(>20 wks) 

=134 (PPHN 

n=20)
 f,h,j 

 
 

Excluded: infants <34 
wks gestation at birth; 
nonprimary PPHN; 
congenital defects 
known to cause 
pulmonary 
hypertension; 
meconium aspiration 
syndrome cases, 
neonatal pneumonia 
and sepsis 
 
Matched for: 
gestational age 
 

SSRIs Exposed Late 
vs. Unexposed: 
0 events  vs. 20 
events; 
(AOR=0; 95% 
CI=0-3) 

Primary PPHN: “pulmonary 
hypertension with right-to-left 
shunting was established by a 5% or 
greater gradient between preductal 
and postductal oxygen saturation or by 
neonatal echocardiography”… 
echocardiography required right-to-left 
shunting demonstrated at the level of 
the ductus arteriosus and/or foramen 
ovale.” (p.20).   

Not reported 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

Adjusted for: not 
specified 
 
(Collected data on 
clinical factors such as:  
delivery mode, 
maternal disease, 
tobacco use, BMI, 
maternal age, parity, 
fetal gender)   
 

Kieler et 
al,

3
 

2012
a,b

 

Denmark, 

Finland, 
Iceland, 
Norway, 
Sweden 

SSRI 
Exposed 

Late (filled a 
prescription 
≥20 wks or  
140 days 
following 

the  start of 
pregnancy 

until 
delivery) 
=11,014 
(PPHN 
n=33) 

 
SSRI 

Exposed 
Early (<8 
wks  or 
from 3 
months 
prior to 
start of 

pregnancy 
until 55 

days 
gestation) 
=17,053 

Excluded: infants ≤33 
wks gestation at birth; 
multiple pregnancy 
Adjusted for: maternal 
age; dispensed 
antidiabetes drugs; 
dispensed non-steroidal 
anti-inflammatory 
drugs; pre-eclampsia; 
country of birth; 
chronic diseases during 
pregnancy; level of 
delivery hospital; birth 
year; birth order  
 
No confounding found 
for smoking, and BMI 
(in early pregnancy) 
thus precluded 
 
Excluded meconium 
aspiration in 
subanalyses 
 
Cesarean section and 
small for gestational 
age assessed in 
interaction analyses as 

 SSRIs 
(Fluoxetine, 
Citalopram, 
Paroxetine, 
Sertraline, 
Fluvoxamine, 
Escitalopram)  
 

Exposed Late 
vs. Unexposed: 
AOR=2.1; 95% 
CI=1.5-3.0 
(absolute 
risk=3 per 
1,000 liveborn 
infants 
(33/11,014)) 
 
 
Exclusion of 
meconium 
aspiration 
resulted in 
“slightly” 
increased risk 
estimate (p.3) 
but “no major 
differences in 
risks” (p.4) 
 
Cesarean 
section did not 
modify the risk 
(p>0.18) 
 
Exposed Early 

From national registries: ICD-10 code 
P29.3 or I27.0, diagnosed within 7 days 
from birth, and ICD-10 national 
subcodes P29.3A (Denmark), P29.31 
(Finland), and P29.3B (Sweden) where 
possible 

Three of 33 PPHN cases that were 
exposed late died, 183 of 1935 PPHN 
cases that were never exposed died. 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

(PPHN 
n=32) 

 
SSRI 

Unexposed 
=1,588,140 

(PPHN 

n=1,935 
f,k

 

 
 
 

effect modifiers vs. Unexposed: 
AOR=1.4; 95% 
CI=1.0-2.0 
 
Exclusion of 
meconium 
aspiration:  OR 
= 1.3, 95% 
CI=1.1–1.7 
 
 

Lim et 
al,

13
 

2012
d
 

Canada  SSRI 
Exposed for 
“most or all 

of 
pregnancy” 

(p.3) =23 
(PPHN n=0), 
 Unexposed 
=33 (PPHN 

n=0)
 i,k 

 

 

Excluded: illicit drug 
use; multiple 
pregnancy; bipolar 
disorder; other 
significant fetal, 
maternal, or obstetrical 
conditions; congenital 
heart defects  
 
SSRI treated mothers all 
had diagnosis of mood 
disorder  
 
Not clear if all infants 
were born >36 weeks 
gestation 
  
Compared infant and 
maternal characteristics 
including cesarean 
section rates, maternal 
smoking, alcohol, 
depression, and 
anxiety.   

SSRIs 
(Paroxetine, 
Fluoxetine,  
Sertraline, 
Venlafaxine 

Citalopram)  
 
(4 SSRI 
exposed 
women also 
had 
exposure to  
Quetiapine 
(n=2), 
Bupropion 
(n=1), and 
Trazadone 
(n=1)) 

Exposed for 
most or all of 
pregnancy vs. 
Unexposed: 0 
events (0.0%) 
vs. 0 events 
(0.0%) 

Definition given includes “Increased 
pulmonary arterial pressure, enhanced 
pulmonary vascular reactivity, and 
right to left cardiac shunts leading to 
systemic hypoxia and significant 
mortality and morbidity” (p.1).  
However PPHN outcome was collected 
from birth chart review. 

No cases of PPHN in this cohort. 

 
a. Included in the late pregnancy SSRI exposure analysis 
b. Included in the early pregnancy SSRI exposure analysis 
c. Included in the any time/point during pregnancy SSRI exposure analysis 
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Table 1. Study Characteristics of 7 Studies in the Persistent Pulmonary Hypertension of the Newborn (PPHN) Meta-analyses (cont) 
 

 

d. Included in the most or all of pregnancy SSRI exposure analysis 
e. Exposure assessment by self-report 
f. Exposure assessment by prescription/administrative database/registry  
g. Exposure assessment by obstetric database of medications  
h. Exposure assessment by medical chart/record review  
i. Exposure assessment by blood test  
j. Case-control study design  
k. Cohort study design 
 
Abbreviations: SSRI= selective serotonin reuptake inhibitors; AOR = Adjusted Odds ratio; BMI= Body Mass Index; ARR = Adjusted Risk Ratio 
 
*Only matching, exclusions, or adjusted data for PPHN outcome are listed. Individual studies may have collected or compared groups on other characteristics or adjusted data 
on other outcomes not reported. 
** Only SSRI data reported here as per individual study 


