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CLINICAL CLASSIFICATION

The clinical classification of pulmonary hypertension (PH) has 
gone through a series of changes since the first classification 
was proposed in 1973 at the World Health Organization 
international conference on primary pulmonary hypertension 
(PPH) in Geneva, Switzerland.[1,2] The initial classification 
designated only two categories, primary pulmonary 
hypertension (PPH) and secondary PH, depending on the 
presence or absence of identifiable causes or risk factors. 

Twenty-five years later, a second World Symposium on 
Pulmonary Arterial Hypertension (PAH) was held in 
1998 in Evian, France. Based on the research that had 
ensued in studying the pulmonary circulation since 
1973, by 1998 significant advances had been made in our 
understanding of PH. Further, the first drug for PPH was 
approved during this time, i.e., in 1995. Thus, because the 
aim of a clinical classification is to individualize different 
categories sharing similarities in pathobiology, clinical 
presentation, and therapeutic approaches, the “Evian 
Classification” was based on defining categories of PH that 
shared similar histopathology and clinical characteristics. 
The Evian Classification expanded the prior 1973 
classification from 2 groups to 5 major groups with Group 
1 PH being the most studied, i.e., PAH.[3] In 2003, during 
the third World Symposium on PH held in Venice, Italy, 
the clinical classification was slightly modified,[4] with 
further modification most recently during the fourth 
World Symposium held in Dana Point, California in 2008[5] 

(Table 1). Although not the basis for the modifications, 
these modifications also permitted clinical investigators 
to conduct randomized controlled drug trials in patients 
with a shared underlying pathobiology (resulting in our 
currently having 8 drugs approved for the treatment of 
adult subjects with PAH, i.e., Group 1 PH).
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The classifications were developed, and revised, based 
on the current understanding of PH, i.e., its etiology, 
pathobiology, clinical course and response to therapeutic 
interventions. The majority of the work in this field has 
focused on PAH, i.e., Group 1 PH. And although these 
classifications were never specifically limited to adult 
subjects, utilizing them for all pediatric subjects can be 
less than ideal. Reasons for this include unique aspects of 
childhood PH, not the least of which is that PH can start in 
utero resulting in growth abnormalities that can persist 
into adulthood. Further, with improvements in our ability 
to effectively take care of premature infants, children are 
now living longer with many children not infrequently 
having various forms of pulmonary vascular disease 
that did not exist several decades ago (and thus are not 
included in the most recent Dana Point Classification). 
Nevertheless, the Dana Point Classification has been, and 
continues to be, invaluable in our advancing the PH field. 
It has also been invaluable for adolescent patients and has 
facilitated obtaining therapy for younger children.

However, the Dana Point Classification has limitations for 
classifying pulmonary vascular disease in childhood. Thus, 
at the 2011 Pulmonary Vascular Research Institute (PVRI) 
meeting in Panama, a new classification for Pediatric 
Pulmonary Hypertensive Vascular Disease was developed 
by a group of investigators focused on pulmonary 
hypertension in childhood.[6,7] The aim was not to replace 
the Dana Point Classification of 2008 but rather to 
augment it for specific pediatric disorders. The proposed 
classification, presented in this issue of Pulmonary 
Circulation, may be called the “Panama Classification, 
sponsored by the Pulmonary Vascular Research Institute,” 
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ago; including our lagging behind in developing evidence-
based treatment guidelines for children with PH with 
increased pulmonary vascular resistance (PVR). The 
current consensus-based treatment recommendations 
for children with PAH are based on extrapolation from 
the evidence-based adult PAH treatment guidelines. And 
although due to the similarities between children and 
adults there is no reason to believe that drugs approved 
to treat PAH in adults will not be efficacious in pediatric 
PAH, determining optimal dosing and long-term safety, 
including potential effects on growth and development, 
cannot merely be extrapolated from adult data. Children 
are not “small adults.”

There are also important aspects of neonatal and 
childhood pulmonary hypertensive vascular disease that 
are not included in the 2008 Dana Point Classification. 
These include: (1) fetal origins of pulmonary vascular 
disease; (2) the potential importance of developmental 
mechanisms in both childhood and adult onset disease; (3) 
an inconsistent approach to neonatal pulmonary vascular 
disease; (4) the importance of perinatal maladaptation, 
maldevelopment and pulmonary hypoplasia in pulmonary 
vascular disease; (5) variability in the heterogeneity of 
factors that contribute to pulmonary vascular disease in 
children compared with adults; and (6) adult survivors 
of pediatric pulmonary vascular disease (e.g., children 
with pulmonary vascular disease who in the past never 
survived long enough to reach adulthood are now 
surviving into adulthood). Additionally, there are risk 
factors that may be significant in children that have not 
been considered significant in adult PH (Table 2).

The Dana Point Classification Supplements that focus on 
the specifics of the congenital heart defects are useful but 
remain less than ideal for use in patients of all ages. For 
example, a 1-cm defect may be large in an infant but small 
in an adult (Table 3). Nevertheless, defining the congenital 
heart defects as accurately as possible is useful. I find the 
Groups A, B, C and D in patients with congenital systemic to 
pulmonary shunts very informative and recommend that 
they be included in the pediatric classification (Table 4). 

Classifications are useful in medicine because they 
provide a framework for diagnosis and management, 
and encourage epidemiological insight. They should 
also include categories for undiscovered diseases and 
undiscovered mechanisms of known disease complexes 
but this is more difficult. As the authors of this new 

Table 2: Updated risk factors and associated conditions for PAH
Definite Likely Possible Unlikely

Aminorex Amphetamines Cocaine Oral contraceptives
Fenfluramine L-tryptophan Phenylpropanolamine Estrogen
Dexfenfluramine Methamphetamines St. John’s Wort Cigarette smoking
Toxic rapeseed oil Chemotherapeutic agents; SSRIs

Table 1: Dana Point clinical classification of 
pulmonary hypertension (2008)
1. Pulmonary Arterial Hypertension 

1.1  Idiopathic PAH
1.2  Heritable

1.2.1.  BMPR2
1.2.2.  ALK1, endoglin (with or without hereditary 

hemorrhagic telangiectasia)
1.2.3.  Unknown.

1.3  Drug- and toxin-induced
1.4  Associated with

1.4.1.  Connective tissue diseases
1.4.2.  HIV infection
1.4.3.  Portal hypertension
1.4.4.  Congenital heart diseases
1.4.5.  Schistosomiasis
1.4.6.  Chronic hemolytic anemia

1.5  Persistent pulmonary hypertension of the newborn
1.’  Pulmonary veno-occlusive disease (PVOD) and/or 

pulmonary capillary hemangiomatosis (PCH) 
2.  Pulmonary hypertension due to left heart disease

2.1  Systolic dysfunction
2.2  Diastolic dysfunction
2.3  Valvular disease

3.  Pulmonary hypertension due to lung diseases and/or 
hypoxia
3.1  Chronic obstructive pulmonary disease
3.2  Interstitial lung disease
3.3  Other pulmonary diseases with mixed restrictive 

and obstructive pattern
3.4  Sleep-disordered breathing
3.5  Alveolar hypoventilation disorders
3.6  Chronic exposure to high altitude
3.7  Developmental abnormalities

4.  Chronic thromboembolic pulmonary hypertension 
(CTEPH)

5. PH with unclear multifactorial mechanisms
5.1  Hematologic disorders: myeloproliferative disor-

ders splenectomy
5.2  Systemic disorders, sarcoidosis, pulmonary Lang-

erhans cell histiocytosis lymphangioleiomyomato-
sis, neurofibromatosis, vasculitis

5.3  Metabolic disorders: glycogen storage disease, 
Gaucher disease, thyroid disorders 

5.4  Others: tumoral obstruction, fibrosing 
mediastinitis, chronic renal failure on dialysis

or, “the Panama Classification (2011).” This classification 
now allows those interested in pediatric pulmonary 
hypertensive vascular disease to more critically identify 
specific diseases and disorders that we hope will improve 
our ability to move the field forward. In many aspects, 
pediatric PH is now where PH in the adult was 2 decades 
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proposed pediatric classification point out, the aims 
are to: Improve diagnostic strategies, promote clinical 
investigation in pathobiology, pathophysiology and 
outcomes, provide guidance for human disease modeling 
in laboratory and animal studies, and serve as an 
educational resource. However, it is important to note that 
this new classification was not designed solely to serve as 
a therapeutic guide. 

This “Panama Classification (2011)” has been termed 
“pulmonary hypertensive vascular disease” as opposed 
to PH to exclude children with PH who do not have 
increased PVR. A significant number of children have PH 
without increased PVR, e.g., children with large left to right 

systemic to pulmonary shunts, in whom the treatment 
should be closure of the shunts and not treatment for 
PAH (which by definition requires an increase in PVR in 
addition to PH). Unfortunately, the term PAH does not 
immediately equate to PH with increased PVR to the 
pediatric cardiology community; it never has, and I doubt 
it ever will regardless of education attempts at conveying 
this. 

This pediatric classification also includes children with 
an increase in PVR in whom the mean pulmonary artery 
pressure (PAPm) may be less than 25 mmHg but the 
children are symptomatic from the increased PVR, e.g. 
children undergoing staged repair for a single ventricle. 
And as surgical procedures improve, many of these 
children will survive into adulthood with symptomatic 
pulmonary vascular disease due to increased PVR without 
a mean PAP≥25 mmHg. The proposal for the definition of 
pediatric pulmonary hypertensive vascular disease is: an 
increased pulmonary vascular resistance index (PVRI), 
i.e. ≥3 Wood units times m2 whether or not the PAPm is 
≥25 mmHg. 

No classifications are perfect; their value is if and only if 
they are used, thereby permitting colleagues in different 
specialties around the world to communicate with one 
another using the same language. To balance being all-
inclusive with adequate simplicity is the challenge. At 
first review, this new proposal appears overwhelming; 
however, the 10 divisions are quite straightforward 
when viewed individually. There will always be overlap 

Table 3: Anatomic-pathophysiologic classification 
of congenital systemic-to-pulmonary shunts 
associated with pulmonary arterial hypertension
1. Type

1.1.  Simple pre-tricuspid shunts
1.1.1.  Atrial septal defect (ASD) 

1.1.1.1.  Ostium secundum
1.1.1.2.  Sinus venosus
1.1.1.3.  Ostium primum 

1.1.2.  Total or partial unobstructed anomalous 
pulmonary venous return 

1.2.  Simple post-tricuspid shunts
1.2.1.  Ventricular septal defect (VSD)
1.2.2.  Patent ductus arteriosus

1.3.  Combined shunts Describe combination and de-
fine predominant defect

1.4.  Complex CHD
1.4.1.  Complete atrioventricular septal defect
1.4.2.  Truncus arteriosus
1.4.3.  Single ventricle physiology with unob-

structed pulmonary blood flow
1.4.4.  Transposition of the great arteries with 

VSD (without pulmonary stenosis) and/or 
patent ductus arteriosus

1.4.5.  Other
2.  Dimension (specify for each defect if more than one 

congenital heart defect)
2.1.  Hemodynamic (specify Qp/Qs)*

2.1.1.  Restrictive (pressure gradient across the 
defect)

2.1.2.  Nonrestrictive
2.2.  Anatomic

2.2.1.  Small to moderate (ASD≤2.0 cm and 
VSD≤1.0 cm)

2.2.2.  Large (ASD>2.0 cm and VSD>1.0 cm)
3. Direction of shunt

3.1.  Predominantly systemic-to-pulmonary
3.2.  Predominantly pulmonary-to-systemic
3.3.  Bidirectional

4.  Associated cardiac and extracardiac abnormalities
5. Repair status

5.1.  Unoperated
5.2.  Palliated (specify type of operation/s, age at 

surgery)

Repaired (specify type of operation/s, age at surgery)
* Ratio of pulmonary (Qp) to systemic (Qs) blood flow

Table 4: Clinical classification of congenital 
systemic-to-pulmonary shunts associated with 
pulmonary arterial hypertension
A. Eisenmenger syndrome 

Includes all systemic-to-pulmonary shunts resulting 
from large defects and leading to a severe increase in 
pulmonary vascular resistance (PVR) and a reversed 
(pulmonary-to-systemic) or bidirectional shunt. Cya-
nosis, erythrocytosis, and multiple organ involvement 
are present.

B.  Pulmonary arterial hypertension associated with 
systemic-to-pulmonary shunts 
Includes moderate to large defects. PVR is mildly to 
moderately increased, systemic-to-pulmonary shunt is 
still prevalent, and no cyanosis is present at rest. 

C. Pulmonary arterial hypertension with small defects 
Small defects (usually ventricular septal defects <1 
cm and atrial septal defect <2 cm of effective di-
ameter assessed by echocardiography). The clinical 
picture is very similar to idiopathic pulmonary arterial 
hypertension (PAH). 

D.  Pulmonary arterial hypertension after corrective car-
diac surgery
Congenital heart disease has been corrected, but PAH 
is still present immediately after surgery or recurs 
several months or years after surgery in the absence 
of significant postoperative residual lesions.
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as there is in the Dana Point Classification, since patients 
have genetic, epigenetic, environmental and unknown 
factors triggering the development of pulmonary vascular 
disease. In the Dana Point Classification, a patient may be 
considered to have Group 1 PH, i.e., PAH, as his primary 
diagnosis, but he may also have COPD, left ventricular 
diastolic dysfunction, etc., that may be contributing in 
some way to the patient’s PH. Multi-factorial conditions 
come into play in subjects of all ages. However, in addition 
to multi-factorial conditions in the pediatric population, 
pathological insults on the growing lung and pulmonary 
developmental abnormalities can be quite significant. 
Additionally, children with chromosomal or genetic 
syndromes that may not have previously survived to 
adulthood are surviving longer and not infrequently these 
syndromes appear to contribute to the development of 
pulmonary vascular disease. And whether some of these 
factors will affect the response to various therapies 
remains unclear but certainly is possible and will require 
careful study.

Utilizing this new pediatric clinical classification will 
undoubtedly result in modifications; if not, then the 
classification will not have been successful, as one of its 
goals is to advance research and further our understanding 
of pulmonary vascular disease in subjects of all ages. 

FUNCTIONAL CLASSIFICATION

What about how we assess patients’ functional capacity? 
Can we use the same functional classification for 
children as we do for adults? And what about children of 
differing ages, e.g. infants, toddlers, school-age children, 

adolescents? As one of our goals in treating patients is 
to improve their overall quality of life (in addition to 
increasing survival), how should we assess children? For 
adult PH, we modified the NYHA functional classification 
specifically for PH (Table 5). And although clinicians may 
vary from one to another in how they classify patients, 
for a given patient, classification performed by the same 
clinician appears quite useful in assessing functional 
capacity. But when we look at this classification for 
children, there are significant difficulties in using it. The 
members of the 2011 PVRI pediatric task force therefore 
also proposed a new functional classification for children 
with PH. The adult classification was modified based on 
differences in age, maturity, and motor and language 
development. Further, how a parent perceives their child 
is doing is also important and thus assessments from the 
children (adapted for various aged children) and from 
their parents were developed. Similar to the pediatric 
clinical classification, this pediatric functional capacity 
classification may appear quite complicated when 
first looking at it, but that is because of the significant 
changes that occur normally from infancy through 
adolescence and the inability to have a “one size fits 
all” functional capacity tool. Thus when you look at the 
classification specifically for the age child you want to 
assess, this proposed classification should permit us to 
accurately assess how a child is coping with his illness 
and functionally in his family, school and interacting 
with his peers. 

I commend these investigators for their dedication to 
advancing our understanding of pulmonary vascular 
disease in childhood. As we move forward in the field of 
PH and pulmonary vascular disease in children and in 
adults, an increased collaboration between investigators 
committed to this disease will improve outcomes for all 
aged patients; life is a continuum.
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Table 5: Modified NYHA functional classification 
for PH
Class I

Patients with pulmonary hypertension but without 
limitation of physical activity. Ordinary physical activity 
does not cause undue dyspnea, fatigue chest pain or 
near syncope.

Class II
Patients with pulmonary hypertension resulting in slight 
limitation of physical activity. Comfortable at rest. Or-
dinary physical activity causes undue dyspnea, fatigue, 
chest pain or near syncope.

Class III
Patients with pulmonary hypertension resulting in 
marked limitation of activity. Comfortable at rest. Less 
than ordinary activity causes dyspnea or fatigue, chest 
pain or near syncope.

Class IV
Patients with pulmonary hypertension resulting in 
inability to carry out any physical activity without 
symptoms. These patients manifest symptoms of right 
heart failure. Dyspnea and/or fatigue may be present 
even at rest. Discomfort is increased by any physical 
activity undertaken. Syncope or near syncope can 
occur.
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