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Abstract

Background Pediatric interventional radiology is a distinct
subspecialty differing from both pediatric diagnostic radiolo-
gy and adult interventional radiology. We conducted a work-
force survey in 2005 to evaluate the state of pediatric inter-
ventional radiology at that time. Since then there have been
many advancements to the subspecialty, including the
founding of the Society for Pediatric Interventional
Radiology (SPIR).

Objective To evaluate the current state of the pediatric inter-
ventional radiology workforce and compare findings with
those of the initial 2005 workforce survey.

Materials and methods We sent a two-part survey electroni-
cally to members of SPIR, the Society for Pediatric Radiology
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(SPR), the Society of Chairmen of Radiology in Children’s
Hospitals (SCORCH) and the Society of Interventional
Radiology (SIR). Part 1 focused on individual practitioners
(n=177), while part 2 focused on group practices and was
answered by a leader from each group (n=88). We examined
descriptive statistics and, when possible, compared the results

to the study from 2005.
Results A total of 177 individuals replied (a 331% increase

over the first study) and 88 pediatric interventional radiology
(IR) service sites responded (a 131.6% increase). Pediatric IR
has become a more clinically oriented specialty, with a statis-
tically significant increase in services with admitting privi-
leges, clinics and performance of daily rounds. Pediatric IR
remains diverse in training and practice. Many challenges still
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exist, including anesthesia/hospital support, and the unknown
impact of the new IR residency on pediatric IR training, al-
though the workforce shortage has been somewhat alleviated,
as demonstrated by the decreased mean call from 165 days/
year to 67.2 days/year.

Conclusion Pediatric interventional radiology practitioners
and services have grown significantly since 2005, although
the profile of this small subspecialty has changed and some
challenges remain.

Keywords Interventional radiology - Pediatrics - Survey -
Workforce

Introduction

Pediatric interventional radiology (IR) is a distinct subspecial-
ty that fuses both pediatric diagnostic radiology and adult
interventional radiology. The first publications of angiography
in children date to the 1950s [1-3]. Since that time the field
has continued to dramatically grow and evolve. In 2005 the
Vascular Interventional Radiology Committee of the Society
for Pediatric Radiology (SPR) conducted a workforce survey
to evaluate the state of pediatric interventional radiology at
that time. This yielded responses from 41 centers, 3 of which
did not have a pediatric IR service [4].

Since this time there has been much advancement in the
field of pediatric interventional radiology. In 2007 the Society
for Pediatric Interventional Radiology (SPIR) was founded,
and it has continued to grow. SPIR has 216 active members
and 25 members-in-training from 18 countries. Dedicated pe-
diatric IR meetings began on a biennial basis in 2004 at the
Hospital for Sick Children in Toronto, and with the addition of
biennial meetings of SPIR in 2009, annual meetings dedicated
to pediatric IR content are now ongoing. In addition to the
dedicated society (SPIR), pediatric interventional radiology
is now recognized as a subcommittee within both the
Society of Interventional Radiology (SIR) and the SPR.

There is no standardized training pathway for pediatric in-
terventional radiologists. In North America there are no
Accreditation Council for Graduate Medical Education
(ACGME) accredited fellowships dedicated to pediatric inter-
ventional radiology. A radiologist can complete either a pedi-
atric radiology or adult interventional radiology (IR) fellow-
ship, followed by a second dedicated pediatric IR fellowship.
Additionally, some practitioners are pediatric radiologists or
adult interventionalists who have received on-the-job training.
There is controversy as to the best method of training [5].
Currently only 11 dedicated pediatric IR fellowships are listed
on the SPR website [6], although the authors are aware of
several others within and outside the United States that are
not listed.
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Pediatric interventional radiology is practiced differently
across the world. The community of physicians performing
minimally invasive image-guided procedures in children is
diverse, and only a small percentage practice 100% pediatric
IR [5]. Pediatric interventionalists face specific challenges dif-
ferent from those of their pediatric radiology and adult IR
colleagues. Compared to the typical pediatric radiologist, pe-
diatric interventionalists may face longer workdays, challeng-
ing patient care responsibilities, and more call shifts.
Compared to a typical adult IR physician, pediatric
interventionalists have distinct challenges including the need
for greater non-operator-provided sedation/anesthesia for the
pediatric patient and different congenital anomalies, patholo-
gies and patient—parent dynamics. The goal of our study was
to evaluate the current state of pediatric interventional radiol-
ogy and identify changes over the 10 years since the initial
2005 pediatric IR workforce survey.

Materials and methods

A two-part Supplementary Material was sent to members of the
SPIR, SPR, SIR and SCORCH. The Supplementary Material
was open for 19 weeks, from Jan. 15, 2015, to May 28, 2015.
All survey respondents completed the first portion of the sur-
vey. This included topics such as training, call, service cover-
age, compensation, certification, job satisfaction, and the future
of the specialty. Just one respondent per practice filled out the
second portion; this was usually the designated IR group leader.
The second section included topics based around practice infra-
structure, hiring, facilities, case volumes from the prior year
(2014, fiscal or calendar year), challenges and practice trends.

Whenever possible, we compared the results to the 2005
pediatric IR workforce survey using a chi-squared test to de-
termine statistical significance. We evaluated means, trends
and standard deviations.

Results

There were 177 individual practitioner respondents — 91
from SPIR, SPR, and SCORCH, and 86 from SIR. This is a
331.7% increase in survey response from 2005 (n=41).
Eighty-eight service sites completed the second portion of
the survey — 50 from SPIR, SPR and SCORCH, and 38 from
SIR. This resulted in a 131.6% increase from 2005 (n=38).

Demographics

Twelve individuals who were the designated one for their
practice did not answer the demographic question. Most
responding pediatric interventional practices were in the
United States (n=56), followed by Canada (n=5), Australia
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Table 1  Types of practices represented in the 2005 and subsequent
2015 pediatric interventional radiology workforce surveys

Practice type 2005 (n=38) 2015 (n=88)
Academic 60% (n=23) 52% (n=46)
Private practice 29%(n=11) 26% (n=23)
Combined practices 11% (n=4) 5% (n=4)

Public or government institution 17% (n=15)

(n=4), and the United Kingdom (n=2). One site each
responded from China, France, Argentina, Brazil, Egypt,
Hungary, Ireland, Italy and New Zealand. Less than a quarter
(n=19), were a children’s hospital or a pediatric ward within
an adult hospital. Free-standing pediatric hospitals made up
41% of the sites represented (n=36), a 20% increase from
2005 (n=30). Fifteen practice sites (17%) were primarily adult
hospitals with some pediatrics. The types of practices that
responded were again mixed with a larger percentage of
non-academic practices when compared to 2005 (Table 1).

The majority of respondents (97%) in both workforce sur-
veys completed a radiology residency. Fellowship training
was varied, with no standardized pathway. The percentage
of practitioners who completed a pediatric IR fellowship de-
creased from 46% to 24%, while those trained in adult IR
increased from 41% to 63% (Fig. 1).

The number and variety of pediatric cases per year varied
greatly among practices in 2014. In 2014 the mean number of
pediatric cases performed was 899, with a standard deviation
of 1,299. The types of cases performed ranged from low-

Fig. 1 Percentage of respondents
who completed each type of
training in 2005 compared with
2015
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complexity procedures such as vascular access or biopsy/
drainage, to more complex treatment of vascular anomalies
and loco—regional tumor therapy (Fig. 2).

Clinical practice

There was a statistically significantly increase (P<0.0001) in
pediatric IR clinics, from only 34% (n=13) of practices having
a pediatric IR clinic in 2005 to 73% (n=64) in 2015. There was
also a statistically significant increase in the number of prac-
tices performing daily rounds (P<0.0001), with 34% (n=13) in
2005 and 93% (n=82) in 2015. The percentage of interven-
tional radiologist practices that admit patients to an IR service
significantly increased from 30% in 2005 to 68% in 2015
(P=0.0002).

There was a trend toward more dedicated anesthesia cov-
erage. In 2005 only 45% (n=17) of sites primarily used
anesthesia-run sedation service versus 75% (n=66) in 2015
(P=0.002) (Fig. 3). Additionally, there was a trend toward
more practices using pediatric intensivists to assist with seda-
tion in 2015 (p=0.09).

In 2005 the mean call for a pediatric interventionalists was
165 days, approximately 45% of the year, with a standard
deviation of 102 days. In 2015 the mean call time for pediatric
interventionalists decreased to 67.2 days per year, with a stan-
dard deviation of 57.8 days. In both workforce surveys several
interventionalists took both adult and pediatric interventional
call or diagnostic and interventional call at the same time, with
varied compensation for the extra call.
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Fig. 2 Reported mean number
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Interventional radiology residency

Among individual respondents, 148 practitioners from the
U.S. responded to questions regarding the new IR residency.
There was no consensus on the effect of the new IR residency:
overall 35% thought it would be beneficial, 28% thought it

Fig. 3 Trends in anesthesia
80%

would not be beneficial, and 37% were unsure. Additionally,
the respondents were split when asked specifically about the
effects of the new residency: 41 thought there would be in-
creased training opportunities, while 37 thought there would
be decreased opportunities; 46 thought there would be in-
creased awareness while 33 thought there would be decreased

Anesthesia coverage 2005 vs 2015
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awareness; 28 thought the new IR residency would lead to
increased interest in training in pediatric IR, while 32 thought
it would lead to decreased interest.

Challenges

In 2015, 68% of practices were satisfied with their ability to
provide quality pediatric interventional radiology. In this
sense, the perceived challenges to the pediatric IR service
have greatly changed during the last 10 years. In 2005 the
largest concern was a lack of appropriately trained pediatric
IRs and physician burnout, while more recently the concerns
related to lack of dedicated sedation and room space, and
disparate skill sets (Fig. 4).

Discussion

There have been many changes and advancements in the field of
pediatric interventional radiology over the last 10 years. In 2005,
38 sites reported having pediatric interventional radiology as
compared to 88 in 2015 [4]. Since the initial survey, the
Society for Pediatric Interventional Radiology has been founded
and there has been increased recognition and support of the
subspecialty from SIR and SPR. However the practice of pedi-
atric IR remains varied among clinical practices and countries.
Radiology remains the home of pediatric IR, with 97% of
respondents completing a radiology residency. Only small
percentages of pediatric interventionalists enter through a pe-
diatric or surgery residency. Fellowship training remains

Fig. 4 Perceived challenges to
the pediatric interventional
radiology service from the 2005
workforce compared the 2015
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Workforce challenges: 2005 vs. 2015

greatly varied, with pediatric IR practitioners trained through
a diagnostic pediatric radiology fellowship and/or adult inter-
ventional fellowship, plus a possible second fellowship dedi-
cated to pediatric IR [6]. While there are several recognized
fellowships in North America, none is accredited by the
ACGME. Standardization of training remains challenging be-
cause of the relatively low volume of complex procedures,
which are generally concentrated in major centers [3, 5]. Our
current workforce study showed a decrease in the percentage
of trainees completing a dedicated pediatric interventional ra-
diology fellowship when compared with 2005. However we
believe this is likely a result of the different study population
and inclusion of adult interventionalists who do pediatric pro-
cedures, not an indication that there are actually fewer practi-
tioners completing dedicated pediatric IR fellowships.

In the 2015 workforce survey we included members of SIR
who perform pediatric procedures in order to try to get a more
global view of the current state of pediatric interventionalists.
These individuals made up 86 of the 177 total responses
(48.5%). Many members of this society are primarily adult
IR trained and adult IR clinicians who do pediatric IR cases
on occasion. This difference in survey population also helps to
explain the greatly varied pediatric case volume and breadth
among the respondents.

Recently in the practice of interventional radiology there
has been a great focus on moving toward more ownership of
one’s patients and a strong clinical practice, and away from the
traditional pure technical consult service. This trend may have
originally been promoted as a way to fight turf battles, but it
has been recognized to have greatly benefited patient care
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[7-9]. Our survey showed this same trend to be occurring in
the pediatric IR workforce, with a significant increase in the
percentage of sites holding a pediatric IR clinic, performing
daily rounds and admitting their own patients.

Sedation for procedures in pediatric patients can be very
challenging. Many pediatric procedures require a sedation
plan, with potential options including anesthesia service, IR
service (IR nurse sedation with pediatric IR supervision), re-
ferring service sedation (intensivist) or a sedation service.
Frequently sedation is used for pediatric patients not only for
the patient’s comfort but also for control of unwanted behav-
iors that could prolong the procedure or even put a child at risk
of undue harm [10]. Pediatric sedation can be very challeng-
ing because it requires close monitoring, weight-based dosing,
and possibly different medications [11, 12]. Per Joint
Commission on Accreditation of Healthcare Organizations
(JCAHO) guidelines, “Individuals administering moderate or
deep sedation and anesthesia are qualified and have the appro-
priate credentials to manage patients at whatever level of se-
dation or anesthesia is achieved, either intentionally or unin-
tentionally” [13]. These issues are clearly reflected in the trend
over the last 10 years of more anesthesia-service-run pediatric
sedation for pediatric IR procedures.

In 2012 the American Board of Medical Specialties
(ABMS) approved IR as a primary specialty in medicine. In
2016 the first class of interventional radiology residents
matched to matriculate in 2017. The traditional 1-year adult
IR fellowships will end in 2020. The new curriculum incorpo-
rates more interventional radiology throughout the training as
well as 2 focused years and other clinical rotations such as an
intensive care unit rotation [14—16]. The pediatric IR commu-
nity is clearly divided and unsure as to the effect this will have
on the specialty. Only time will tell the true effect this change in
training will have on pediatric interventional radiology.

Pediatric IR has a distinct set of challenges when compared
to diagnostic pediatric radiology and adult IR. Challenges in-
clude the small size of the subspecialty, the pediatric patient
population and family dynamics, non-standardization of train-
ing, disparate skill sets, and support issues including anesthesia
time, procedure room space, and clinical infrastructure [4, 5].
The perceived greatest challenge to the specialty has changed
over the last 10 years, reflecting changes in the specialty. In
2005 the largest concern was a lack of pediatric IR workforce,
which was clearly demonstrated with the mean call for a pedi-
atric IR being approximately 45% of the year, or 165 days [4].
Currently the greatest challenges relate to lack of adequate se-
dation support and room space, and differing operator skill sets.

Conclusion

Pediatric interventional radiology practitioners and services
have grown significantly since 2005. The specialty has
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become more clinically focused over the last 10 years, with
an increase in admitting services, clinics and rounding.
Despite advances in the field, many challenges remain includ-
ing anesthesia and hospital support and the uncertain impact
of the new interventional radiology residency on pediatric
interventional radiology training.
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