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Introduction

A Patent Foramen Ovale (PFO) is an es-
sential communication of  the fetal circula-
tion and some types of  congenital heart  
defects (CHD).

A PFO is an interatrial communication 
formed by three components:
1. A thick “septum secundum” with its 

base anchored to the superior and 
medial aspect of the right atrium,

2. A thin and mobile flap (or foramen 
valve) named “septum primum” which 
is anchored at the crux of the heart 
and to the left of the “septum secun-
dum,” and in most patients,

3. A tunnel-shaped interatrial communi-
cation (IAC) formed by the overlapping 
of the “septum secundum” and fora-
men valve. 

Lack of  complete fusion between the two 
septa results  in a PFO. Over 75% of  neo-
nates and approximately  25-35% of  normal 
adult  hearts have a PFO [1, 2,  3].  About 
44% of  adults with a  history  of  cryptogenic 

stroke are found to have a PFO. In these 
cases, the foramen valve is  incompetent, 
and potentially  could permit intermittent 
right-to-left atrial shunting (see  Figure 1). 

A PFO has been associated with: migraine 
headaches, paradoxical emboli, crypto-
genic stroke, transient ischemic attacks, 
myocardial infarction, high-altitude pulmo-
nary  hypertension or edema, orthodeoxia 
platypnea syndrome and decompression 
sickness in scuba divers [4]. On the other 
hand, premature closure of  PFO may  be 
detrimental in patients with d-Transposition 
of  the Great Arteries, Hypoplastic Left 
Heart Syndrome, Pulmonary  Vein stenosis 
and pulmonary  vascular obstructive dis-
ease. 

A PFO may be associated with an atrial 
septal aneurysm (ASA) which is character-
ized by  a mobile and redundant  septum 
(see Figure 2). An ASA found in a neonate 
or young child tends to regress or disap-
pear, while others may  persist, in associa-
tion with an IAC [2, 5].  In children most 
ASA are a benign finding. Atrial septal an-
eurysms have been related to: atrial ar-
rhythmias, systolic clicks, atrial ventricular 
valve prolapse, Atrial Septal Defect (ASD), 
PFO or systemic and pulmonary  embolism. 

An ASA of  the entire atrial septum is a very 
rare finding and has been observed with 
complex CHD [6]. Some experts recom-
mend long-term follow-up in cases of  ASA, 
even without  evidence of  an IAC. Several 
echocardiogram findings have been identi-
fied as potential risks for paradoxical em-
boli and stroke, besides ASA with IAC. 
These findings include an IAC diameter 
greater than 4 mm (in adults),  spontaneous 
right to left  atrial shunting, severe left-to-right 
shunting during Valsalva and a  prominent 
Eustachian valve (see Figure 3). To date, 
there still exists controversy  about which 
PFOs needs closure [4, 7]. A much more 
common dilemma faced by  pediatric cardi-
ologists on a daily  basis is if  there is a  need 
for follow-up echocardiogram evaluations in 
children with PFO. In addition, the distinc-
tion between a PFO and ASD may be hard 
to make by echocardiography. 

PediHeartNet Survey on Follow-up for 
Patent Foramen Ovale

In the month of  September 2008, a survey 
was taken via PediHeartNet to find out the 
out-patient management  of  children with 
PFO (Table 2 at the end of  this article).  Out 
of  68 responses, we found that 40% of 
physicians do not  schedule any  follow-up 
for children with an isolated PFO. Only  6% 

Patent Foramen Ovale In Children - Is There A Need 

For Follow-up?

By Juan Villafañe, MD,

Figure 2. Subcostal two-chamber view 
demonstrating an atrial septal aneurysm 
bowing into the right atrium (see arrow). 

Right Atrium
Left Atrium Figure 3. Subcostal 2-chamber view    

showing part of the Eustachian valve (see 
arrow).

Figure 1. Incompetent patent foramen 
ovale. Overlapping of the septum secun-
dum (right atrial side) and septum primum 
(left atrial septum) makes it possible for 
atrial shunting. 
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of  respondents would follow all patients 
with any  type of  PFO. About half  of  the 
respondents would follow the patient if  
unclear about  the IAC being a PFO or a 
small ASD. The most chosen follow-up 
interval was one to two years. 

Of  the group of  “follow-up” responders, 
a b o u t t w o - t h i r d s o f  t h e m w o u l d                
re-evaluate patients with a prominent right 
heart (or RV hypertension/chronic lung 
disease), associated ASA, atypical atrial 
shunting, or if  the PFO was larger than 3 
(to 7) mm in diameter. A few cardiologists 
mentioned a follow-up in reference to a 
“moderate-size” PFO becoming larger with 
time. Almost half  of  the “follow-up” re-

sponders stated that  they  wanted to con-
firm closure of  the PFO as one of  the rea-
sons for follow-up. A smaller percentage of 
these responders stated that parent’s 
choice played a role in the decision mak-
ing (parental anxiety, previous sibling with 
SIDS or CHD). The patient’s age played 
only a minor role in the decision making. 

Over 80% of  all physicians would inform 
the family  about the presence of  a PFO. 
Almost two-thirds of  responders would 
take out  time to address any  need for 
follow-up and potential risks such as 
deep-sea scuba diving and the associa-
tion of  PFO and stroke, especially  in older 
patients.  Some of  the cardiologists ex-

pressed their concern about PFO being 
labeled as a pre-existing condition. 

Patent Foramen Ovale or Atrial Septal 
Defect? (Table 1)

Since the advent of  color-Doppler echo-
cardiography, it  is not uncommon to detect 
an atrial shunt, especially  in infants (Fig-
ure 4). The recent survey  included a sec-
tion about which echocardiogram findings 
may  be useful differentiating between PFO 
and ASD. Almost  80% of  responders con-
sider the size of  the IAC as most impor-
tant, followed by  right heart dimensions. 
Less than one-third of  the responders 
mentioned, in order of  frequency, multiple 
color-Doppler jets, color-Doppler pattern, 
direction of  jet,  spectral-Doppler wave 
(continuous or intermittent), shunt loca-
tion,  T-sign, visible foramen valve or over-
lapping septa. 

Discussion

A PFO in an infant is considered a “normal 
variant” by  many  cardiologists. Children 
with an isolated PFO have an excellent 
prognosis. In adults,  PFO is usually  an 
incidental finding in about one-fourth of 
this  population. A Patent Foramen Ovale 
in adolescents and adults has been asso-
ciated by  some with cryptogenic stroke. 
There are many  confounding factors pre-
sent  in the adult population including an 
epidemic of  atrial fibrillation, hypertension 
and thrombogenic states such as: preg-

Table 1: Typical Characteristics of Atrial Septal Defect and Patent Foramen Ovale

Atrial Septal Defect Patent Foramen Ovale

Sex Mostly female Females=males

Size Small defect to Common 
Atrium

Small, usually less than 3-4 mm 
in children

RV Size May be enlarged Normal

Morphology Circular or oval-shaped Tunnel-like opening

Auscultation Fixed splitting of S2 and         
pulmonary flow murmur

No fixed splitting or murmur

Electrocardiogram RHV-RVE, RAD, RAE, IRBBB Normal

X-ray Cardiomegaly, prominent         
pulmonary artery segment, 
increased pulmonary vascular 
markings 

Normal

M-mode Echocardiogram Paradoxical Septal Motion Normal Septal motion

2D Echo T sign or “matchhead” sign

Normal left atrial size

Foramen flap, overlapping septa. 
Defect usually not visible.

Prominent left atrium. 

Spectral Doppler Continuous wave pattern Intermittent wave pattern and 
higher velocities. 

Color Doppler Jet(s) perpendicular to septa. 
Color signal may transverse 
the right atrium toward the free 
wall

Jet orientation may consist of an 
oblique flow toward the tricuspid 
valve. Higher velocity and narrow 
jet. 

Figure 4. Color-Doppler mapping of the 
interatrial septum showing a small left to 
right shunt at the fossa ovalis (see arrow).  
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nancy, obesity, diabetes, gene mutations, 
Leiden factor, protein C and S deficiency. 
In spite of  the benign course of  an isolated 
PFO in infants and children, there still ex-
ists controversy  as to the need for follow-
up. Radzik et al [8]  suggested that  infants 
with an IAC of  less than 3 mm in diameter 
need not be followed as all of  these defects 
will be closed by  age 18 months of  age. 
Patients with a defect of  3 mm or more 
should be re-evaluated by  15 months of 
age.  An IAC with a diameter of  8 mm or 
more may  have little chance of  closing 
spontaneously. 

The recent  PediHeartNet survey  showed 
that 40% of  responders would not schedule 
any  type of  follow-up for patients with an 
isolated PFO no matter what the size. 
About half  of  the responders stated that 
they  would follow the patient if  unclear 
about the IAC being a PFO or small ASD. 

About two-thirds of  this group would follow 
those children with a PFO larger than 3 (to 
7) mm in diameter, prominent right heart or 
ASA. The jury is still out. 

Biography
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Table 2.  Survey PEDIHEARTNET.COM on Patent Foramen Ovale, September 2008:

1.  Do you schedule follow-up visits for patients with an isolated  PFO? 
__  No  __ Yes, ALL  __ Yes, depending on:
 PLS REPLY BELOW IF YOU ANSWERED "depending" 
___ On the SIZE, if LARGER than ____ mm
___ Prominent Right HEART    
___ On pt's AGE, if OLDER than ___ years
___ UNCLEAR  if it is a PFO or a small  ASD
___+FAMILY Hx of Stroke or Hypercoagulopathy 
___+ SEPTAL ANEURYSM
___ Bidirectional shunt or R-L shunt    
___+ Microcavitations R-L shunt
___ Our PRACTICE POLICY is to follow ALL PFO
___ Parent's CHOICE (previous sibling SIDS, had a  "Hole," CHD, etc.)

2. If you answered  YES:
How often do you follow them?  Every  ___ yrs.
What is the reasoning ?  
___ See above Reasons   
___ Want to confirm closure  
Other reasons:  _______________________

3.  If you find a PFO in an infant, do you tell the parents?
___ Yes  ___ No
In an older kid, do you tell?   ___ Yes   ___ No
Do you address any need for Follow-up?  ___ Yes  ___ No
Do you give them the option for Follow-up? ___ Yes  ___ No

4.  What helpful techniques do you use in trying to differentiate between PFO and 
small ASD?
___ None  
___ Size  
___ Direction of JET  
___ PWDoppler with intermittent or continuous shunt signal
___ Fenestration  or more than one jet
___ Right Heart Dimensions
___ Color Doppler pattern
___ Other,  state:  ______________

5.  Any other comments about PFO that you would like to share?________________

November 2008                                     16          CONGENITAL CARDIOLOGY TODAY  

Juan Villafañe, MD

FAAP, FACC

Childrens Heart Specialists, P.S.C.

Pediatric Cardiology &                      

Electrophysiology

731E Broadway

Louisville, KY 40202 USA

Tel (502)584-3200

Fax (502)584-3333

juanvillaf@yahoo.com

http://www.CongenitalCardiologyToday.com
http://www.MyKentuckyHeart.com
mailto:juanvillaf@yahoo.com


www.CongenitalCardiologyToday.com

Certified by: ISO 13485 : 2003

pfm . Produkte für die Medizin AG
Wankelstraße 60 ·  D-50996 Köln, Germany
Phone +49 (0) 2236 9641-0 · Fax +49 (0) 2236 9641-20
customerservice@pfm-ag.com · www.pfm-ag.com

Interventional Technologies

Multi-Snare®

Nit-Occlud® 
PDA Occlusion 
System

For over 30 years, pfm Produkte für die
Medizin AG has been one of Germany's 
leading independent marketing and sales
specialists for medical technology products
in the fields of pathology/histology,
OP/anaesthesia, infusion therapy and
interventional technologies. pfm markets
exclusive product ranges from leading
manufacturers around the world, comple-
menting them with its own innovative
developments and additional products to
produce user-specific product and solution
packages for inpatient and outpatient
treatment.

Comprehensive market know-how,
long-standing personal customer con-
tacts and R&D expertise geared to special
solutions give pfm a solid market position
and continued excellent prospects for 
further growth. pfm manufactures standard
products for OP use as well as specialised
products for regional tumour therapy and
interventional surgery in fields of radiology
and child/adult cardiology. pfm is expanding
in the areas of development and the 
production of high-tech solutions for 
interventional implants, and is also 
expanding its sales network in the surgery-
based sector.

mailto:customerservice@pfm-ag.com
http://www.pfm-ag.com
http://www.pfm-ag.com


www.CongenitalCardiologyToday.com

On September 15-19 Chicago was the 
venue of  the 17th “Specialty  Review in 
Pediatric Cardiology” sponsored by  the 
University  of  Illinois at  Chicago College of 
Medicine,  Department of  Pediatrics,  Divi-
sion of  Pediatric Cardiology  and the Soci-
ety  of  Pediatric Cardiology  Training Pro-
gram Directors (SPCTPD)  and the Chil-
dren’s Memorial Hospital of Chicago.

For the first  time the course availed itself  of 
the input of  a co-director, Dr. Wayne Frank-
lin of  Children’s Memorial Hospital, Associ-
ate Professor of  Pediatrics, Northwestern 
University  Feinberg School of  Medicine, 
Chicago and former President of  the 
SPCTPD.

The attendees were physicians seeking 
Board certification and re-certification or 
established specialists interested in updat-
ing their knowledge in this specialty.

The course was extremely  successful as 
indicated by  the record number of  partici-

pants from throughout the United States 
and several foreign countries

The curriculum was structured to meet the 
requirements for Board certification as well 
to provide an updating in this rapidly  evolv-
ing specialty  offering CME accreditation.  
To this end sessions were held with struc-
tured lectures, board simulation sessions 

using state of  the art ARS system and in-
formal discussions with the faculty.

The farthest-traveling attendee came from 
Delhi, India. He postponed his re-
certification for several months in order to 
first  attend the course. Other foreign at-
tendees came from Kuwait and Canada.

At the end of  each hard-working day  the 
participants had an opportunity  to enjoy  the 
cultural, entertainment and shopping facili-
ties Chicago offers.

From the post-course evaluations we were 
gratified to learn that  our efforts provided a 
rewarding and significant education experi-
ence for the attendees with 99 % of  them 
satisfied with the faculty, content  and or-
ganization of  the course. Sample com-
ments are listed here: “Excellent course…”   
“Great  !   “Very  helpful…”   “Excellent board 
review…”.

The course was videotaped by  Educational 
Symposia Inc. (ESI), a CME accredited 
provider.  The resulting CD/DVD, providing 
AMA Category  1 credits will be available for 
purchase from ESI in early 2009.

We are looking forward to seeing our next 
group of attendees in 2010!

CCT

Highlights From 2008 “Speciality Review In 

Pediatric Cardiology” Board Review/CME 

Course-Chicago

By By Maria Serratto, MD, Course               

Founder and Director

Maria Serratto, MD, FACC, FAAP, 

FCCP

Professor of Pediatrics-Cardiology

Division of Pediatric Cardiology

University of Illinois College of        

Medicine

Chicago, IL USA

m s e r r a t t @ u i c . e d u                       

Dr. Serratto introducing the 2008 Course.

Drs. Serratto and Franklin interacting with 
the attendees.

Lunch  break.
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Parents of Dying Newborns Need Clearer Explanation of 
Options

Newswise — Parent-doctor discussions about whether to main-
tain or withdraw life support  from terminally  ill or severely  pre-
mature newborns are so plagued by  miscommunication and 
misunderstanding that they  might as well be in different lan-
guages, according to a small but potentially  instructive new 
study  from Johns Hopkins Children’s Center reported in the 
September issue of Pediatrics.

In-depth interviews with 26 mothers of  babies who died shortly 
after birth at three mid-Atlantic hospitals revealed that what 
mothers said they  were told by  doctors was often at odds with 
what physicians recorded in the medical chart  with respect  to 
options offered and accepted. This qualitative study  explored 
themes rather than frequencies and investigators did not report 
specific frequencies of responses as part of the study.

A range of  choices exists for managing critically  ill newborns, 
those born with lethal anomalies or at less than 22-25 weeks 
gestation, including orders to perform aggressive resuscitation 
to delivering compassionate care only. Parents and doctors 
must often make complex decisions in a matter of  minutes, a 
situation compounded by  the parents’ emotional stress and,  
often, the new mother’s own medical status.

Results of  the interviews show that few mothers recalled dis-
cussing the full range of  options, from aggressive resuscitation 
to palliative care through the end of  life. In fact, few recalled 
discussing resuscitation as an option at all, while the written 
medical records often indicated that such options were dis-
cussed. For example, one mother reported being told nothing 
could be done for the newborn, while the medical chart  indi-
cated that various options were discussed at length.

Many  moms found doctors’ language confusing. Few recalled 
being offered comfort  end-of-life care, even when the discus-
sion was noted in the medical charts.

Tuning out much of  doctors’ grim predictions about morbidity 
and death, most mothers said they based their decisions about 
life support on things such as hope, spirituality and religion.

“What this study  tells  us is  doctors should become better at  
delivering grim prognoses unequivocally, yet compassionately, 
but many  doctors are uncomfortable expressing emotion during 
such intense moments,” says study  investigator Nancy  Hutton, 
MD, head of  the pediatric palliative care program at  Hopkins 
Children’s. “Some doctors might  think showing empathy  and 

being positive could give parents a false sense of  hope, but 
there are ways to be hopeful and realistic at the same time, we 
just need to train doctors to do it better.”

“We found that the parents of  gravely  ill newborns, who are 
understandably  overwhelmed are quite confused by  the often 
technical and vague ‘doctor speak’,” says lead researcher 
Renee Boss, MD, a neonatologist  at Hopkins Children’s. “We, 
as physicians and caregivers, really  need to come up with a 
clearer way  of  talking with parents during this incredibly  hard 
time.”

Most  mothers said they  wanted to make decisions together 
with the doctors, not alone. They  reported mistrusting physi-
cians who seemed detached and appeared to be acting “by  the 
book.”

Because mothers in the study  reported a deeper sense of  trust 
toward physicians who expressed emotion, regardless of  the 
prognosis they  had for the infant, researchers say  obstetrics 
and neonatology  training should emphasize paying attention to 
emotion and expressing empathy  when delivering bad news. 
Also, physician organizations, such as the American Academy 
of  Pediatrics, should address this need with new guidelines on 
how physicians should discuss life-sustaining options with par-
ents.

The interviews took place on average three years after the 
infant’s death.

Other investigators in the study: Pamela Donohue, Sc.D, Anna 
West, MHS, and Leslie Sulpar, MSN, all from Johns           
Hopkins.

Riley Hospital for Children Installs DX-S(TM) System from 
Agfa HealthCare in Neonatal Intensive Care Unit
 
On October 23, 2008, Agfa HealthCare, a leading provider of 
IT-enabled clinical workflow and diagnostic imaging solutions, 
announced that Riley  Hospital for Children, a nationally  recog-
nized pediatric healthcare facility, and Indiana's only  compre-
hensive children's hospital, has purchased a DX-STM system 
for its Neonatal Intensive Care Unit (NICU). Riley  Hospital 
chose Agfa HealthCare's DX-S for its workflow benefits and 
image quality. The system is placed within the NICU depart-
ment, allowing portable x-rays to be completed without  leaving 
the patient area.  
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and used for all they're worth," said 
Kaldjian, who also is director of  the col-
lege's Program in Bioethics and Humani-
ties. "The findings also point to some chal-
lenges for physicians seeking emotional 
support after making an error."

The study  results were based on surveys 
of  338 faculty  and resident physicians at 
teaching hospitals in the United States. 
Previously  published findings by  Kaldjian 
and colleagues, based on the same data 
set, showed that doctors' actual communi-
cation of  medical errors to hospitals and 
patients seems to occur less than it should 
when compared to physicians' positive 
attitudes about communicating such er-
rors.

The two earlier studies also found that the 
more serious the outcome or harm from a 
hypothetical error,  the more likely  a doctor 
said they  would communicate it to patients 
or hospitals. Similarly, the current study 
used hypothetical scenarios to reveal the 
likelihood of  doctors discussing an error 
that  results in no harm at 77%, minor 
harm at 87%, and major harm at 94%.

Kaldjian pointed out there is much value in 
sharing all errors. "Sometimes you make a 
mistake and nothing happens. Other 
times,  something bad happens," he said. 
"But in both cases, we need to focus on 
the mistake because near-misses -- where 
no harm was done -- are also valuable 
learning tools."

The most harmful types of  errors trigger 
automatic  institutional reviews. However, 
other errors may  not. "Along with helping 
improve patient care, discussing both 
types of  medical errors  can provide impor-
tant  opportunities for learning and emo-
tional support for physicians," Kaldjian 
said.  "However, the formal settings in 
which shared learning takes place are 
unlikely  to be optimal for providing the 
individual support  needed by  the physician 
who made the mistake.”

"Physicians can go through a lot of  turmoil 
when they  make a mistake, even if  it 
hasn't caused serious harm to a patient. 
While there are some formal group set-
tings in the profession for learning from 
mistakes,  emotional support  may  require 

the privacy  and reassurance that are 
found in one-on-one conversations with 
trusted colleagues," he added.

More than half  of  the physicians in the 
study  (57%) said they  had tried at least 
once to promote the value of  discussing 
errors by  discussing one of  their own er-
rors in front of  students or physicians in 
training.

"It's encouraging that physicians try  to be 
role models,  especially  for medical stu-
dents and younger physicians, and some 
hospitals even have peer-support teams 
to help physicians in the aftermath of  an 
error,  though such teams appear to be 
rare," Kaldjian said.

Kaldjian also noted that doctors who con-
sider themselves their "own worst critic," 
and do not discuss their errors with others 
lose out on additional perspectives.

"There can be wisdom and comfort in the 
words of  our colleagues, especially  when 
we have reason to trust their insights," he 
said.  "Medical science also encourages an 
investigative attitude about errors and can 
motivate us to be as objective as possible 
about errors  and their circumstances with-
out denying the profound need for emo-
tional support."

Overall,  Kaldjian said, increased discus-
sion of  errors amongst medical profes-
sionals  is extremely  important for profes-
sional learning and emotional support. 
Such discussions may  also help physi-
cians encourage each other to disclose 
errors to patients as part of  patient care 
and to report them to institutions to improve 
patient safety.

The investigation involved researchers with 
the Center for Research in the Implementa-
tion of  Innovative Strategies in Practice at 
the Department of  Iowa City  Veterans Af-
fairs  Medical Center; Hospital of  St. 
Raphael in New Haven, CT.; Yale Univer-
sity  School of  Medicine; and Penn State 
College of  Medicine and Hershey  Medi-
cal Center.
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