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Registries of patients with pulmonary arterial hypertension (PAH) have been instrumental in characterizing the
presentation and natural history of the disease and provide a basis for prognostication. Since the initial
accumulation of data conducted in the 1980s, subsequent registry databases have yielded information about the
demographic factors, treatment, and survival of patients and have permitted comparisons between populations in
different eras and environments. Inclusion of patients with all subtypes of PAH has also allowed comparisons of
these subpopulations. We describe herein the basic methodology by which PAH registries have been conducted,
review key insights provided by registries, summarize issues related to interpretation and comparison of the results,
and discuss the utility of data to predict survival outcomes. Potential sources of bias, particularly related to the
inclusion of incident and/or prevalent patients and missing data, are addressed. A fundamental observation of
current registries is that survival in the modern treatment era has improved compared with that observed previously
and that outcomes among PAH subpopulations vary substantially. Continuing systematic clinical surveillance of PAH
will be important as treatment evolves and as understanding of mechanisms advance. Considerations for future
directions of registry studies include enroliment of a broader population of patients with pulmonary hypertension of

all clinical types and severity and continued globalization and collaboration of registry databases.
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Registries provide information about defined cohorts of
patients who are intended to represent the population with
similar disease characteristics. Description of patients with

pulmonary hypertension (PH), or a subset of PH, and the
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impact of the disease (outcome) is the primary goal of
clinical observational PH registries. Constellations of
circumstances (risks) may be elucidated that are associated
with various probabilities of outcome. Registries provide the
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Abbreviations
and Acronyms
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foundation of knowledge upon
which other important clinical
research, such as clinical drug
studies, may be constructed.

CRF = case report form

CTEPH = chronic Methods of Registries

t b bolic pul v
hypertension

Definitions. The Agency for
Healthcare Research and Quality
in the United States defines
a patient registry as “an organized
system that uses observational
study methods to collect uniform
data (clinical and other) to eval-
uate specified outcomes for a
population defined by a particular
disease, condition, or exposure,
and that serves one or more predetermined scientific, clinical,
or policy purposes” (1). The European Medicines Agency
defines a registry as “a list of patients presenting with the same
characteristic(s). This characteristic may be a disease or an
outcome (disease registry) or a specific exposure (exposure or
drug registry)” (2).

The European Medicines Agency defines cohort studies
as involving “a population-at-risk for an event of interest
followed over time for the occurrence of that event” while
allowing that a registry may, itself, represent a cohort (2).
The Agency for Healthcare Research and Quality defines
cohort studies as a specific category of registry distinct from
case-control studies. The term cohort may also be used to
define a subpopulation of interest within a registry. For
instance, if a registry enrolls both incident and prevalent
patients, analyses may be conducted on one or both of these
cohorts depending on the objective.

The term prevalent may be applied to patients who have
previously received a diagnosis and who may enter a study
when returning for follow-up visits or follow-up treatments.
The term incident is generally used to indicate patients who
have just received a diagnosis as opposed to those patients
who have just experienced onset of symptoms. These
patients are considered incident on the day of diagnosis and
prevalent the day after.

None of the guidelines propose limiting inclusion criteria
in registries to incident patients, although neither of them
explicitly suggest that such a restriction would be ill-advised.
The guidelines do address 3 important issues that should
lead to a study-specific decision about inclusion/exclusion
criteria: 1) generalizability and carefully defined target
populations; 2) the need for clear objectives to define the
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structure and process of data collection; and 3) as noted
in the GRACE (Good Research for Comparative Effec-
tiveness) principles (3), identification of the most likely
sources of bias.

Survival, bias, and missing data. Survival is one of the
most common outcomes in registries. The survival curve’s
time frame must be clear. Survival from time of enrollment
in a prevalent cohort can lead to biased results if generalized
to newly diagnosed patients. Conversely, survival from
diagnosis can lead to biased estimates if those results are
generalized to a cohort of prevalent patients at a typical
clinic. Additionally, survival estimates from one incident
cohort may not be generalizable to another incident cohort if
diagnosis methods or time from symptom onset to diagnosis
differ between cohorts.

It is never appropriate to define an at-risk period that
includes the time during which patients were not in the
study. Doing so leads to immortal time bias (4) because
patients are guaranteed to have survived the pre-study
period. An important difference between immortal time
bias and survivor bias is that there does not exist any
appropriate population to whom analyses with immortal
time bias may be correctly generalized. On the other hand,
survivor bias, a form of selection bias, does not prevent
accurate generalization so long as the results are not incau-
tiously generalized to incident patients.

Due to the lack of randomization, confounding, rather
than selection bias, is often the Achilles heel of registries,
whereas generalizability to a broad cohort is often one of the
greatest strengths. As a result, the guidelines do not suggest
specific rules for inclusion/exclusion criteria, instead sug-
gesting that the target population, the study objectives, and
avoidance of bias should guide study design decisions.

Missing data are a common methodological problem in
registries because specific clinical tests are generally not
mandated. Casewise deletion of patients with missing data
can lead to selection bias. If most patients in real practice do
not have complete batteries of testing at regular intervals, the
results of analyses using casewise deletion cannot be gener-
alized to them. Alternative approaches include multiple
imputation (5) or treating missingness as a distinct category.
When outcomes data, rather than risk factor data, are
missing, casewise deletion could lead to even greater biases,
but imputation of outcomes is generally not desirable.
Patients who are lost to follow-up should be censored at the
point in time that they are lost. Care should be taken to
define the time of last follow-up to ensure that it includes
the time period in which an event would have been reported
and excludes the time period in which an event would not
have been reported.

Current pulmonary arterial hypertension registries. Pul-
monary arterial hypertension (PAH) (group 1 PH) registries
have used different inclusion and exclusion criteria with
respect to the enrollment of newly and previously diagnosed
patients. Lee et al. (6) argue in favor of restricting survival
analyses to incident patients, as in the United Kingdom and
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