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Role of Critical Care Medicine Training in the Cardiovascular Intensive
Care Unit: Survey Responses From Dual Certified Critical Care
Cardiologists
Samuel B. Brusca MD;* Christopher Barnett, MD, MPH;* Brendan J. Barnhart, MA, MS; Weifeng Weng, PhD; David A. Morrow, MD, MPH;
Jeffrey S. Soble, MD; Jason N. Katz, MD, MHS; Brandon M. Wiley, MD; Sean van Diepen, MD, MSc; Antonio D. Gomez, MD;
Michael A. Solomon, MD

Background-—Cardiovascular intensive care units (CICUs) have evolved from coronary care wards into distinct units for critically ill
patients with primary cardiac diseases, often suffering from illnesses that cross multiple disciplines. Mounting evidence has
demonstrated improved survival with the incorporation of dedicated CICU providers with expertise in critical care medicine (CCM).
This is the first study to systematically survey dual certified physicians in order to assess the relevance of CCM training to
contemporary CICU care.

Methods and Results-—Utilizing American Board of Internal Medicine data through 2014, 397 eligible physicians had obtained
initial certification in both cardiovascular disease and CCM. A survey to delineate the role of critical care training in the CICU was
provided to these physicians. Among those surveyed, 120 physicians (30%) responded. Dual certified physicians reported frequent
use of their CCM skills in the CICU, highlighting ventilator management, multiorgan dysfunction management, end-of-life care, and
airway management. The majority (85%) cited these skills as the reason CCM training should be prioritized by future CICU
providers. Few (17%) agreed that general cardiology fellowship alone is currently sufficient to care for patients in the modern CICU.
Furthermore, there was a consensus that there is an unmet need for cardiologists trained in CCM (70%) and that CICUs should
adopt a level system similar to trauma centers (61%).

Conclusions-—Citing specific skills acquired during CCM training, dual certified critical care cardiologists reported that their
additional critical care experience was necessary in their practice to effectively deliver care in the modern CICU. ( J Am Heart
Assoc. 2019;8:e011721. DOI: 10.1161/JAHA.118.011721.)

Key Words: American Board of Internal Medicine survey • cardiology training • cardiovascular intensive care units • critical care
cardiology

T here is growing evidence that cardiac intensive care
units (CICUs) have evolved from coronary care observa-

tion wards into units that comprehensively care for critically
ill patients with primary cardiac problems and complex

multisystem illnesses. The American Heart Association
released a scientific statement in 2012 detailing the need
for CICUs with dedicated critical care cardiologists as well as
potential shifts in training strategies for aspiring CICU
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physicians.1 The American Heart Association statement
outlines the existing Accreditation Council for Graduate
Medical Education training paradigm, which includes 4 years
of fellowship with a minimum of 30 months of clinical
training, 6 of which must be dedicated to critical care
medicine (CCM). The American College of Cardiology Core
Cardiovascular Training Statement Task Force has also
recognized the need for advanced training opportunities,
describing 3 levels of critical care cardiology proficiency.2 The
Task Force specifies that level I should be obtained during a
general cardiology fellowship and should be sufficient to care
for the majority of CICU patients. Level II can be achieved with
an extra 3 to 6 months of critical care time and level III with
an extra 12 months of critical care time. The Task Force only
highlights endotracheal intubation and intra-aortic balloon
pump placement as patient care milestones and no evaluation
processes are specified, indicating that competencies for the
practice of advanced critical care cardiology need to be
further delineated.

There have been numerous publications, aiming to
characterize the added value of critical care cardiology
training. CICU providers are exposed to an increasing
amount of noncardiac pathology, including sepsis, renal
failure, and respiratory failure requiring prolonged mechan-
ical ventilation.3–8 Moreover, patients with these noncardiac

complications have longer CICU lengths of stay and a higher
risk of mortality.6 Transitioning to a high-intensity staffing
model, which incorporates dedicated critical care cardiolo-
gists or regular consultation with CICU-based noncardiology
critical care physicians may be associated with reduced
mortality, length of stay, and costs.9,10 However, dual
trained critical care cardiologists remain few in number,
with a recent survey identifying only 8.7% of hospitals
utilizing them as unit leaders and only 14.7% of hospitals
with at least 1 critical care cardiology attending.11 Similarly,
an investigation of the Doximity physician database reported
that only 0.47% of CICU admissions were treated by dual
certified physicians and that only 3.4% of the identified dual
certified physicians were female.12 Despite these data, the
perceived priority of fostering critical care trained cardiolo-
gists remains a topic of debate, prompting numerous letters
and editorials.13–15

Though numerous studies have described the current
organizational structure and staffing of modern-day CICUs, no
previous study has systematically surveyed practitioners with
American Board of Internal Medicine certification in both
cardiovascular disease (CVD) and CCM. Thus, we sought to
better understand how these American Board of Internal
Medicine dual certified critical care cardiologists have utilized
their training, and how they fit into the evolving critical care
landscape.

Methods
This research activity was designated exempt from institu-
tional review board review by the Office for Human Research
Protections at the National Institutes of Health. The original
survey is available within Data S1. The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Through 2014, the American Board of Internal Medicine
granted initial certification in both CVD and CCM to 563
physicians. After excluding 5 deceased physicians, 4 physicians
under disciplinary action, 21 physicians retired or without valid
medical licenses, and 136 physicians without registered e-
mails, the analysis sample of 397 physicians remained
(Figure 1). A questionnaire to delineate the role of additional
critical care training in the setting of cardiology training was
provided to these dual certified physicians by e-mail invitation,
using REDCap (Research Electronic Data Capture) data capture
tools hosted at University of California San Francisco.16

REDCap is a secure, web-based application designed to support
data capture for research studies, incorporating data entry,
auditing, and import/export procedures.

Survey data were augmented with key American Board of
Internal Medicine administrative data. Variables derived from

Clinical Perspective

What Is New?

• This is the first study to systematically survey known dual
certified physicians in both cardiovascular disease and
critical care medicine.

• Dual certified physicians outlined which critical care skills
were most relevant to cardiovascular intensive care unit
patient care, including ventilator management, multiorgan
dysfunction management, and end-of-life care.

• Dual certified physicians agreed that general cardiology
fellowship alone is currently insufficient to practice effec-
tively in the modern cardiovascular intensive care units.

What Are the Clinical Implications?

• This study has important implications regarding training
guidelines and standards for future cardiovascular intensive
care unit providers.

• Forthcoming iterations of training guidelines should incor-
porate the specific skills that dual certified physicians have
identified as relevant to cardiovascular intensive care unit
care.

• Many of the highlighted areas are not currently adequately
covered in general cardiology fellowships and will be
important educational milestones to include in all future
critical care cardiology training paradigms.
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the administrative data included practice location, age,
gender, an indicator variable for passing both CVD and CCM
initial certification exams on the first attempt, and an
indicator variable for obtaining CCM certification through
the practice pathway. CCM certification through the practice
pathway was possible during the first 3 years of exam
administration: 1987, 1989, and 1991. No fellowship training
in critical care medicine was required as long as applicants
documented that they were currently providing critical care,
and they had previously certified in internal medicine.
Because these practice pathway physicians and those having
completed fellowship training in CCM potentially represent
distinct groups with divergent training and unique insight, they
were separated for a subgroup analysis. We used chi-square
tests to examine whether responders differed from nonre-
sponders in regard to demographic variables (Table 1). To
adjust for possible nonresponse bias, we used propensity
score weighting with poststratification.17 Subjects were
assigned a poststratification weight after being divided into
quintiles based on estimated propensity scores. Estimated
propensity scores were computed with a logistic regression
model containing an indicator variable for survey response as
the outcome, along with practice location, age, gender, an
indicator variable for passing both CVD and CCM initial
certification exams on the first attempt, and an indicator
variable for obtaining CCM certification through the practice
pathway as predictors. Descriptive statistics of survey results
were reported based on the calculated propensity score

weights. Analyses were conducted using SAS software
(version 9.4; SAS Institute Inc, Cary, NC).

Results
Among the 397 eligible physicians, 120 (30%) responded to
the survey. As seen in Table 1, responders were more likely to
be aged <60 years than were nonresponders (30.9% versus
20.9%; P=0.03). They were also more likely to pass both CVD
and CCM initial certification exams on the first attempt (87.5%
versus 75.8%; P=0.01). Though the 2 groups were otherwise
comparable, there was a notably small number of female dual
certified physicians, making up only 3.3% of the analysis
sample.

The majority of the critical care cardiologists in the
analysis sample obtained CCM certification through the
practice pathway (n=273; 68.8%), with substantially fewer
completing CCM fellowships (n=124; 31.2%). Compared with
physicians with CCM fellowship training, the practice path-
way physicians were more likely to be aged >60 (93.4%
versus 37.9%; P<0.001) and more likely to pass both CVD
and CCM certification exams on their first attempt (83.5%
versus 70.2%; P=0.002; Table 2). There were no significant
differences between the practice pathway and CCM

120 physicians responded 

563 physicians with ABIM dual 
certification in CVD and CCM through 

2014 

397 eligible physicians received the 
survey via e-mail  

Excluded 166 physicians: 
• 5 deceased 
• 4 under disciplinary action 
• 21 without medical licenses 
• 136 without registered e-mails 

Figure 1. Flow diagram demonstrating formation of the analysis
sample. A total of 563 physicians had achieved ABIM initial
certification in both CCM and CVD by 2014. Five physicians were
deceased, 4 were excluded for ongoing disciplinary action, 21 were
excluded for not having current medical licenses, and 136 could not
be reached by e-mail communication. A total of 397 physicians
remained in the analysis sample, with 120 responding to the
survey. ABIM indicates American Board of Internal Medicine; CCM,
critical care medicine; CVD, cardiovascular disease.

Table 1. Demographic Data of Survey Responders Compared
to Non-Responders

Characteristics
Nonresponder
(N=277)

Responder
(N=120)

P Value (Responder
vs Nonresponder)

Certified CCM
through practice
pathway, N (%)*

196 (70.8) 77 (64.2) 0.193

Age (y), N (%)* 0.030

<50 17 (6.1) 17 (14.2)

50 to 59 41 (14.8) 20 (16.7)

60 to 69 180 (65.0) 73 (60.8)

70 or greater 39 (14.1) 10 (8.3)

Female, N (%)*,† 7 (2.5) 6 (5.0) 0.204

Region, N (%)*,† 0.139

West 37 (13.4) 21 (17.5)

Midwest 63 (22.7) 15 (12.5)

South 73 (26.4) 40 (33.3)

Northeast 101 (36.5) 43 (35.8)

Canada/other 3 (1.1) 1 (0.8)

Passed CVD/CCM on
first attempt, N (%)*

210 (75.8) 105 (87.5) 0.008

CCM indicates critical care medicine; CVD, cardiovascular disease.
*Calculated using registration data from full analysis sample (N=397).
†

Fisher’s exact P value reported.
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fellowship trained groups concerning type of hospital affili-
ation or number of weeks spent each year treating patients
in an intensive care unit (ICU; Table 3). There was a trend
toward increased clinical practice in the South and Northeast
United States, but the hospitals represented were extremely
diverse with only a single pair of respondents hailing from
the same institution. Furthermore, 63% of practice pathway
physicians and 39.2% of CCM fellowship trained physicians
reported working at non-university-affiliated and community
hospitals.

Critical care cardiologists commonly completed additional
cardiology subspecialty training, particularly interventional
cardiology (32%; 95% CI, 22.7–41.2%) and imaging (31.2%;
95% CI, 22.4.0–39.9%; Figure 2). A similar pattern for
additional subspecialty training was observed in both those
with CCM fellowship training and those certifying through the
practice pathway, with a trend toward increased subspecial-
ization in the CCM fellowship trained group.

A total of 64.9% agreed that they would train in both
cardiology and CCM again if granted the opportunity to do so
(95% CI, 55.6–74.1%). Interestingly, this sentiment was far
more robust among CCM fellowship trained physicians than
those having completed the practice pathway (91.5% versus
50.9%; P<0.001). As a whole, the survey group supported this
position by reporting that they used their CCM training on a
regular basis. Sixty-one percent responded that they used

CCM training either “regularly” or “all the time” in their
current practice (95% CI, 51.6–71.1%). The CCM fellowship
trained group had a higher proportion reporting regular use of
their skills than the practice pathway group (78.8% versus
52.2%; P=0.01; Figure 3).

Critical care cardiologists were further asked to identify
the specific CCM skills most essential to the effective
management of CICU patients. They highlighted ventilator
management (55%), multiorgan failure management (50%),
end-of-life care (43%), and airway management (41%). ICU
sedation, infection management, and ICU nutrition were also
frequently selected as relevant clinical areas (Figure 4). The
relative hierarchy of importance regarding these skills was
similar between the CCM fellowship trained and practice
pathway groups (rspearman=0.92; P<0.001); however, the
CCM fellowship trained physicians selected a higher number
of skills, on average (8.3 versus 3.7; P<0.001), which likely
accounts for much of the intergroup differences observed in
Figure 4.

Table 2. Demographic Data of Surveyed Practitioners
(Responders and Nonresponders) According to Training
Pathway

Characteristics
Practice Pathway
(N=273)

Fellowship
(N=124)

P Value (Pathway vs
Fellowship)

Age (y), N (%)* <0.001

<50 0 (0) 34 (27.4)

50 to 59 18 (6.6) 43 (34.7)

60 to 69 218 (79.9) 35 (28.2)

≥70 37 (13.6) 12 (9.7)

Female, N (%)* 7 (2.6) 6 (4.8) 0.238

Region, N (%)*,† 0.100

West 41 (15.0) 17 (13.7)

Midwest 52 (19.1) 26 (21.0)

South 69 (25.3) 44 (35.5)

Northeast 109 (39.9) 35 (28.2)

Canada/other 2 (0.7) 2 (1.6)

Passed CVD/CCM
on first attempt,
N (%)*

228 (83.5) 87 (70.2) 0.002

CCM indicates critical care medicine; CVD, cardiovascular disease.
*Calculated using registration data from full analysis sample (N=397).
†

Fisher’s exact P value reported.

Table 3. Self-Reported Practice Characteristics of Survey
Responders According to Training Pathway

Survey Question
Practice Pathway
(N=77)

Fellowship
Trained (N=43)

What best describes the institution you are primarily affiliated with?*,†,
% (95% CI)

University
medical center

23.9 (12.4, 35.4) 36.0 (20.2, 51.7)

Non-university-
affiliated
hospital‡

40.7 (28.7, 52.7) 24.5 (10.9, 38.2)

University-affiliated
community/
county hospital

22.3 (11.9, 32.7) 14.7 (3.9, 25.5)

Office-based/
outpatient
clinic+hospital

3.2 (0.0, 6.8) 14.4 (3.1, 25.7)

Office-based/
outpatient clinic

4.8 (0.0, 11.0) 5.5 (0.0, 16.2)

Other§ 5.1 (0.6, 9.6) 5.0 (0.0, 12.1)

How many weeks each year do you manage patients in an intensive
care unit?k,¶, % (95% CI)

0 to 10 40.1 (27.4, 52.8) 45.6 (29.1, 62.2)

11 to 20 18.6 (6.7, 30.6) 19.5 (7.1, 31.8)

21+ 41.3 (28.5, 54.0) 34.9 (18.5, 51.3)

*The original question choices were regrouped into meaningful categories.
†

There is no statistical difference between the 2 training pathways (v2=7.6; P=0.177).
‡

Includes VA and nongovernment VA hospitals.
§

Other includes Industry settings.
k
There were 8 missing values for the practice pathway group and 1 missing value for the
fellowship trained group.
¶

There is no statistical difference between the 2 training pathways (v2=2.6; P=0.272).
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The majority of physicians indicated that additional CCM
training is needed to practice in the CICU effectively. They
most often identified completion of level III Core Cardiovas-
cular Training Statement training (54.6%; 95% CI, 44.8–64.3%)
and separate CCM training with board certification (47.1%;
95% CI, 37.3–56.9%) as adequate pathways to achieve this
experience. Only 17.1% believed that a standard 3-year
general cardiology fellowship alone was sufficient (95% CI,
10.4–23.8%). When dichotomized by CCM training experi-
ence, the responses remained similar, though CCM fellowship

trained physicians most frequently chose fellowship training
(68%) and practice pathway physicians most frequently chose
Core Cardiovascular Training Statement qualification (58%;
Figure 5). Regardless of training experience, critical care
cardiologists agreed that a general cardiology fellowship was
insufficient.

Seventy percent of responders believed there to be an
unmet need for cardiologists with adequate CCM experience
(95% CI, 61.5–80.1%). Regardless of training method, respon-
dents (85%) primarily cited improved clinical skills and patient

25% 

32% 

41% 

8% 

16% 

11% 

38% 

32% 

26% 

10% 

4% 
2% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

None Interventional 
Cardiology 

Imaging  Electrophysiology Advanced Heart 
Failure / Transplant 

Cardiology 

Pulmonary 
Hypertension 

Fellowship Trained (N=43)  Practice Pathway (N=77) 

Figure 2. Subspecialties other than critical care grouped by training experience of respondents.
Percentage of responders indicating additional cardiac subspecialization. Physicians completing CCM
fellowship training are represented in dark blue and physicians certifying by the practice pathway in light
blue. Multiple selections were allowed. Error bars represent 95% CIs. There was no statistical difference
between groups. CCM indicates critical care medicine.

0% 

21% 

45% 

34% 

1% 

47% 
40% 

12% 

0% 

20% 

40% 

60% 

80% 

Never Rarely Regularly All the time 

Fellowship Trained (N=42)  Practice Pathway (N=73) 

Figure 3. Responder utilization of CCM-acquired skills grouped by training experience of respondents.
Percentage of responders indicating their use of skills acquired during CCM training. Physicians completing
CCM fellowship training are represented in dark blue and physicians certifying by the practice pathway in
light blue. Error bars indicate 95% CIs. Five responders did not answer this survey question: 4 from the
practice pathway group and 1 from the CCM fellowship trained group. Percentage of responders indicating
use of CCM skills regularly or all the time was 52.2% and 78.8% in the practice pathway and CCM fellowship
training groups, respectively; P=0.006. CCM indicates critical care medicine.
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outcomes as the reason to prioritize critical care training
(Figure 6). Lastly, the majority of dual certified critical care
cardiologists supported the adoption of a trauma-center–like

level system for CICUs. We found that 61.2% were in favor of
adoption (95% CI, 50.9–71.6%), 13.2% were against (95% CI,
6.2–20.1%), and 25.6% were neutral (95% CI, 15.9–35.2%).

1%, 19.5 

2%, 18 

6%, 16 

9%, 15 

13%, 14 

14%, 13 
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30%, 5 

40%, 2 
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27%, 16 
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30%, 14 
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37%, 12 

41%, 11 
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60%, 6 

61%, 5 

63%, 4 
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Management of pediatric emergencies 
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Management of neurological emergencies 
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Infection management 

Airway management 

Management of a multidisciplinary team 

Sedation management 

End of life management/bioethics 

Management of multi-system organ failure 
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Estimated % of Physicians 

Fellowship Trained (N=43)  Practice Pathway (N=77) 

Figure 4. Responder-reported CCM-acquired skills useful for practice in the CICU grouped by training
experience of respondents. Percentage of responders who marked in the affirmative that a specific skill
acquired in CCM training was useful in the CICU. Physicians completing CCM fellowship training are
represented in dark blue and physicians certifying by the practice pathway in light blue. The vertical axis of the
figure is organized according to the skill importance ranking (indicated next to the percentage; 1=most
frequently selected skill) as designated by CCM fellowship trained physicians.Multiple selectionswere allowed.
Error bars indicate 95% CIs. The CCM fellowship trained group marked a greater number of skills, on average,
compared with the practice pathway group (8.3 vs 3.7; P<0.001). Rankings were similar between the CCM
fellowship training group and the practice pathway physicians (rspearman=0.92, P<0.001). CCM indicates critical
care medicine; CICU, cardiovascular intensive care unit; ICU, intensive care unit.
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Those fellowship trained in CCM were more likely to agree
with the transition to a CICU-level system than were those
who certified through the practice pathway (76.7% versus
52.8%; P=0.01; Figure 7).

Discussion
The present study surveyed physicians with dual certification
in both CVD and CCM with the aim of better understanding
their collective perspectives and experiences. These cardi-
ologists have unique insight into the importance of
additional critical care training and its relevance to CICU
patient care in their practice. Current critical care cardiol-
ogists, both CCM fellowship trained and practice pathway
certified, described using the skills that they obtained by
critical care training regularly, albeit the fellowship trained
physicians had a higher proportion using those skills on a
regular basis. Furthermore, they highlighted the specific
CCM skills that are most fundamental to patient care in
contemporary CICUs. Greater than 40% of responders
selected ventilator management, multisystem organ failure
management, airway management, and end-of-life care—
topics that are not adequately emphasized in general
cardiology fellowships.

The applicability of these CCM skills to CICU daily workflow
is a potential driver of the improved patient outcomes that
have been observed in recent studies.9,10 The most intriguing
study, by Na et al,9 described patient outcomes before and
after the CICU was converted to a comanaged unit with the
primary providers being critical care cardiologists. There was
an absolute decrease in mortality of nearly 5% between the 2
time periods with an adjusted odds ratio of 0.43 (P<0.001).
With the increasing complexity of CICU patients, it is possible
that the majority of this benefit was derived from expertise in
management of noncardiac complications as well as manage-
ment of difficult cardiac cases requiring a combination of
mechanical ventilator support, antimicrobial regimens, hemo-
dynamic tailoring, and renal replacement therapies. Addition-
ally, critical care cardiologists highlighted the importance of
end-of-life care. Improved provider comfort with end-of-life
care may foster timely goals-of-care discussions, which are
associated with appropriate implementation of care limitations
and withdrawal of life-sustaining therapies as well as lower
healthcare costs.18,19 These multiple areas are not sufficiently
emphasized in general cardiology fellowships, and the majority
of survey respondents agreed that a general cardiology
fellowship alone is insufficient to manage patients effectively
in the CICU.

2% 

7% 

21% 

19% 

30% 

36% 

58% 

5% 

0% 

9% 

14% 

18% 

68% 

48% 
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General cardiology fellowship + imaging fellowship 

General cardiology fellowship + Electrophysiology  
fellowship

 

General cardiology fellowship + interventional cardiology 
fellowship 
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with board certification in critical care 
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Estimated % of Physicians 

Fellowship Trained (N=43)  Practice Pathway (N=77) 

Figure 5. Potential critical care cardiology training paradigms grouped by training experience of
respondents. Percentage of responders indicating agreement that the above training paradigms are
adequate to practice in the CICU at their home institution. Physicians completing CCM fellowship training
are represented in dark blue and physicians certifying by the practice pathway in light blue. Multiple
selections allowed. Error bars indicate 95% CIs. Only 14% of CCM fellowship trained and 19% of practice
pathway physicians selected general cardiology fellowship alone as an adequate training regimen. ACGME
indicates Accreditation Council for Graduate Medical Education; CCM, critical care medicine; CICU,
cardiovascular intensive care unit; COCATS, Core Cardiovascular Training Statement.
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Looking forward, as the American Heart Association,
American College of Cardiology, and corresponding interna-
tional organizations move to set requirements for critical care
cardiology training, it will be crucial to ensure that clinical
competencies in a range of CCM skills are emphasized.1,2,20 For
example, the document published by the Core Cardiovascular

Training Statement Task Force only designated intra-aortic
balloon pump placement and endotracheal intubation as level III
patient care milestones.2 The skills outlined in this article may
serve as a guide for proficiency standards in future iterations.
This survey also provides additional experiential support for a
CICU organizational shift to a collaborative, multidisciplinary
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Cardiology fellows should NOT train in critical care 
medicine 
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Leadership opportunities 
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Improves clinical skills and patient outcomes 

Estimated % of Physicians 

Fellowship Trained (N=43)  Practice Pathway (N=77) 

Figure 6. Responder-reported reasons for additional training in CCM grouped by training experience of
respondents. Percentage of responders indicating why they believed current cardiology fellows should
pursue additional training in CCM. Physicians completing CCM fellowship training are represented in dark
blue and physicians certifying by the practice pathway in light blue. Multiple selections allowed. Error bars
indicate 95% CIs. CCM indicates critical care medicine.
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Figure 7. Responder agreement that CICUs should adopt a level system similar to trauma centers
grouped by training experience of respondents. Percentage of responders indicating their agreement that
CICUs should adopt a level system similar to trauma centers. Physicians completing CCM fellowship
training are represented in dark blue and physicians certifying by the practice pathway in light blue. Error
bars indicate 95% CIs. Twelve responders did not answer this survey question: 9 from the practice pathway
group and 3 from the CCM fellowship trained group. Percentage of responders that agreed with adoption of
a level system similar to trauma centers was 52.8% and 76.7% in practice pathway and CCM fellowship
trained groups, respectively; P=0.012. CCM indicates critical care medicine; CICU, cardiovascular intensive
care unit.
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care team structure, especially in hospitals with level I– and
level II–type CICUs.1 Although previously described as “closed”
units, we believe this term to be imprecise and prefer the term
collaboratively managed multidisciplinary units to more accu-
rately reflect the situation in which there is a dedicated CICU
attending trained in critical care who manages patients with
input from the patient’s primary, longitudinal provider.

Although not the primary intent of the survey, this study
identified that only 3.3% of dual certified critical care cardiol-
ogists were women. This finding is in line with a previous
investigation, which found that only 3.4% of physicians dual
certified in CCM and CVD were female.12 Interestingly, this
gender gap far exceeds that of cardiology and critical care
medicine in general, which only have 14.1% and 26.1% active
women physicians, respectively.21 A gender disparity of this
magnitude is comparable with that of interventional cardiology
and should trigger a call for cardiology leaders to better
understand why so few women have chosen to pursue these
specialties.22 The issue is multifactorial, with potential contrib-
utors including compensation inequality and under-representa-
tion of women in leadership roles.23,24 Improvedmentorship for
women considering critical care cardiology and ongoing
diversity task force implementationwill hopefully aide in closing
the gender gap.25

Study Limitations
The limitations of this study include its survey-based design
with associated recall bias and a low response rate. The group
of providers surveyed represent a highly specialized group
with the potential for implicit bias in favor of their own training
paradigm. Additionally, the majority of respondents com-
pleted their CCM training by the practice pathway, which is no
longer an available avenue to CCM certification. Thus, the
surveyed population may not accurately represent the
attitudes of more recently graduated and future dual trained
and certified critical care cardiologists. This is also potentially
highlighted by the following dichotomy: The younger, CCM
fellowship trained cardiologists reported working at university
medical centers more than any other care setting, whereas
the majority of practice pathway physicians reported working
at nonacademic centers. This indicates that a higher propor-
tion of practice pathway physicians may have transitioned
into private practice. Lastly, although certification pathway
was accounted for in nonresponse weighting adjustments,
comparison between these two training groups was not
predefined for stratified sampling.

Conclusion
Based on the clinical and professional experience of dual
certified critical care cardiologists, CCM-acquired skills are

likely a crucial component of patient care in the modern CICU.
These areas should be emphasized in the development of
integrated critical care cardiology training programs and high-
intensity CICU staffing models. Although formal CCM fellow-
ship training may not be required for all providers, general
cardiology fellowship programs should consider new curricu-
lum and pathways to prepare trainees to provide optimal care
in the modern CICU. Critical care training has long been
standard in medical and surgical ICUs and has recently gained
acceptance in neurological ICUs. Critical care cardiology
training for the CICU should also be prioritized.
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Demographics and training characteristics
What is your age? (Report age in years)

__________________________________

Do you currently practice clinical medicine? Yes
No

Are you retired? Yes
No

What best describes your critical care training Medical critical care
program? (Choose single best answer) Anesthesia critical care

Surgery critical care
I was "grandfathered" into critical care and did
not participate in a dedicated critical care
training program

If you were initially certified but did not maintain I choose not to practice in that specialty
board certification in critical care medicine or I did not have the time to maintain board
cardiology what are your reasons?  (Check all that certification
apply) I did not think it was necessary to maintain board

certification to practice the specialty
It was too expensive to maintain board
certification
Does not apply, I maintained both

Do you have other reasons for not maintaining all
board certifications? If, so what are they? (Please
list) __________________________________________

Please check any additional cardiology sub-specialty Interventional cardiology
training that you have completed. (Check all that Advanced Heart Failure/Transplant
apply) Imaging (Echo, nuclear, CT, MR)

Electrophysiology
Pulmonary hypertension
None

Current practice characteristics
What percentage of your time is spent practicing
clinical medicine? (Slide tab to indicate your
percentage of time) 0 50 100 percent

(Place a mark on the scale above)           

How would you characterize the division of your clinical time? (Should total 100%)
General critical care

__________________________________
(Enter value between 0 and 100)

Cardiac critical care
__________________________________
(Enter value between 0 and 100)

General inpatient cardiology
__________________________________
(Enter value between 0 and 100)

Data S1. Original Survey.
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General outpatient cardiology
__________________________________
(Enter value between 0 and 100)

Cardiac imaging (echo, nuclear, CT, MR)
__________________________________
(Enter value between 0 and 100)

Interventional cardiogy
__________________________________
(Enter value between 0 and 100)

Electrophysiology
__________________________________
(Enter value between 0 and 100)

Advanced heart failure/transplant
__________________________________
(Enter value between 0 and 100)

Pulmonary hypertension
__________________________________
(Enter value between 0 and 100)

Other clinical activities
__________________________________
(Enter value between 0 and 100)

Total (Should equal 100%)
__________________________________

What are your primary activities during your Basic science research
non-clinical work time? (Check all that apply) Clinical research

Hospital or medical group administration
Training program administration
Teaching
Consulting
Other

Do you have other non-clinical activities? If, so
what are they? (Please list)

__________________________________________

What administrative and leadership roles do you hold? ICU director
(Check all that apply) CCU director

Training program director
Division chief
Department chair
Professional society committee membership
Professional society leadership role
Hospital or medical group leadership role
Leadership position in industry
None
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What best describes the INSTITUTION you are primarily University medical center
affiliated with? (Check all that apply) University affiliated community hospital

University affiliated county hospital
VA
Non-university affiliated community hospital
Non-VA government hospital (i.e. federal, state or
county)
Office based/outpatient clinic
Industry
Other

Are there other terms that best describes the
institution you are primarily affiliated with? If
yes what at they? (Please list) __________________________________________

What is the name of the institution you are primarily
affiliated with?

__________________________________________

What best describes your primary employment University faculty
affiliation? (Check all that apply) VA faculty

Non-university multi-specialty practice (i.e.
non-VA government, foundation, etc)
Private practice
Industry

Does your primary institution have a designated Yes
cardiac critical care director? No

I don't know

Does the cardiac critical care director have Yes
dedicated critical care training? No

I don't know

What best describes the type of critical care units Dedicated medical critical care unit
that are present in your primary clinical Dedicated cardiac critical care unit
institution? (check all that apply) Dedicated general surgical critical care unit

Dedicated cardiac surgical critical care unit
Dedicated neuro critical care unit
Mixed medical-surgical critical care unit
Mixed cardiac and cardiac surgical critical care
unit
Mixed  multidisciplinary critical care unit

About how many weeks each year do you manage patients 0-5
in an intensive care unit? 6-10

11-20
21-30
31-40
>40

About what percentage of the patients that you manage
as primary attending are ICU patients? (Slide tab to
indicate percentage) 0 50 100 percent

(Place a mark on the scale above)           
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About what percentage of the patients that you manage
as primary attending are ICU patients with a primary
CARDIAC problem? (Slide tab to indicate percentage) 0 50 100 percent

(Place a mark on the scale above)           

Of the of the patients you manage in the ICU with a primary CARDIAC problem what
percentage fall into each of the following categories? (Should total 100%)
Acute coronary syndrome

__________________________________
(Enter value between 0 and 100)

Valvular heart disease
__________________________________
(Enter value between 0 and 100)

Heart failure without mechanical support
__________________________________
(Enter value between 0 and 100)

VAD/other mechanical support devices
__________________________________
(Enter value between 0 and 100)

ECMO
__________________________________
(Enter value between 0 and 100)

Post cardiac transplant
__________________________________
(Enter value between 0 and 100)

Arrhythmia/Electrophysiology procedure
__________________________________
(Enter value between 0 and 100)

Pulmonary hypertension
__________________________________
(Enter value between 0 and 100)

Post cardiac arrest
__________________________________
(Enter value between 0 and 100)

Post-op cardiac surgery
__________________________________
(Enter value between 0 and 100)

Post elective coronary intervention or structural
intervention (i.e. TAVR) __________________________________

(Enter value between 0 and 100)

Pericardial disease
__________________________________
(Enter value between 0 and 100)
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Congenital heart disease
__________________________________
(Enter value between 0 and 100)

Total (should equal 100%)
__________________________________

How often do you utilize your critical care training Never
(as opposed to cardiology) skills in your current Rarely
practice? Regularly

All the time

Which of the skills and knowledge did you learn in Airway management
your critical care training (but not in your Ventilator management
cardiology fellowship) do you find most relevant to Tracheostomy management
the cardiology patients you care for in the ICU? Renal replacement therapy
(select all that apply) Infection management

Management of fulminant hepatic failure
Pulmonary artery catheterization
Transvenous pacemaker insertion and management
Management of neurological emergencies
Management of pediatric  emergencies
Management of multi-system organ failure
Sedation management
End of life management/bioethics
ICU nutrition
Chest tube placement/management
Ultrasound for vascular access
Abdominal ultrasound
Management of the trauma patient
Chest radiography
Management of a multidisciplinary team

What percentage of the cardiology patients that you care for in the critical care unit require 
mechanical ventilation? (Should total100%)
<  24 hours

__________________________________

24-48 hours
__________________________________

48-72 hours
__________________________________

>72 hours
__________________________________

Total (should equal 100%)
__________________________________
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What percentage of the cardiology patients in the < 10%
critical care unit require renal replacement therapy? 10-30%

30-50%
>50%

At your institution, which physicians provide Any physician may primarily manage medical
services to medical and cardiac patients in the ICU? patients in the ICU
(Check all that apply) A critical care trained physician co-manages

medical patients in the ICU
A critical care trained physician assumes primary
management of medical patients in the ICU
A cardiologist primarily manages cardiac patients
admitted to the ICU
A critical care trained physician co-manages
cardiac patients admitted to the ICU
A critical care trained physician assumes primary
management of cardiac patients in the ICU

Strongly
disagree

Disagree Unsure Agree Strongly agree

Assigning a "level" according to
type of care provided, analogous
to trauma centers, is a useful
approach to classifying cardiac
intensive care units. Do you
agree?

Attitudes about training in cardiology and critical care
What are the reasons you chose to train in critical Interest in cardiac critical care
care and cardiology? (Check all that apply) Interest in critical care medicine

Research
Employment potential
Encouraged by mentors
Other

Are there any other reasons you chose to train in
critical care and cardiology? If so what are they?
(Please list) __________________________________________

Which mentors advised you to train in cardiology and Department chair
critical care? (Check all that apply) Cardiology faculty

Critical care faculty
Program director
Colleague trained in cardiology and critical care
Someone else advised me
Nobody advised me
Mentors advised me NOT to train in cardiology and
critical care
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Which of the following training models do you believe A standard 3 year general cardiology fellowship
would adequately prepare a physician to practice General cardiology fellowship + intervetional
cardiac critical care in your institution? (Check cardiology fellowship
all that apply) General cardiology fellowship + advanced heart

failure fellowship
General cardiology fellowship+ EP fellowship
General cardiology fellowship+ imaging fellowship
General cardiology fellowship with achievement of
COCATS level 3 training in cardiology critical care
Completion of separate ACGME critical care
fellowship with board certification in critical
care

What do you believe are the best reasons for current Employment opportunities
cardiology fellows to train in critical care Research opportunities
medicine?(Check all that apply) Job satisfaction

Improves teaching skills
Improves clinical skills and patient outcomes
Leadership opportunities
Intellectual satisfaction
Cardiology fellows should NOT train in critical
care medicine

What is your opinion regarding the following statements:
Strongly
disagree

Disagree Unsure Agree Strongly agree

There is an unmet need for
cardiologists with significant
experience in critical care
medicine.

Cardiac critical care units should
be under the direction of
cardiologist with training in
critical care medicine.

Cardiology fellows in training
should consider additional
training in critical care medicine.

If I had to do it over again, I
would train in both cardiology
and critical care medicine.

Do you have other opinions about cardiology and
critical care you would like to share with us?

__________________________________________
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