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Gender Issues in Italian Catheterization 
Laboratories: The Gender-CATH Study
Chiara Bernelli , MD; Enrico Cerrato , MD; Rebecca Ortega, MHA; Emanuela Piccaluga, MD;  
Elisabetta Ricottini, MD, PhD; Alaide Chieffo , MD; Giulia Masiero, MD; Alessio Mattesini, MD;  
Alessio La Manna, MD; Giuseppe Musumeci, MD; Giuseppe Tarantini , MD, PhD; Roxana Mehran , MD

BACKGROUND: Women represent an increasing percentage of interventional cardiologists in Italy compared with other coun-
tries. However, gaps exist in understanding and adapting to the impact of these changing demographics.

METHODS AND RESULTS: We performed a national survey to analyze demographics, gender-based professional difference, 
needs in terms of catheterization laboratory (Cath-Lab) abstention, and radiation safety issues in Italian Cath-Lab settings. 
A survey supported by the Italian Society of Interventional Cardiology (Società Italiana di Cardiologia Interventistica–Gruppo 
Italiano di Studi Emodinamici SICI-GISE) was mailed to all SICI-GISE members. Categorical data were compared using the χ2 
test. P<0.05 was considered significant. There were 326 respondents: 20.2% were <35 years old, and 64.4% had >10 years 
of Cath-Lab experience. Notably, 26.4% were women. Workload was not gender-influenced (women performed “on-call” duty 
69.8% versus men 68.3%; P=0.97). Women were more frequently unmarried (22.1% women versus 8.7% men; P=0.002) and 
childless (43.9% versus 56.1%; P<0.001). Interestingly, 69.8% of women versus 44.6% of men (P<0.001) argued that preg-
nancy/breastfeeding negatively impacts professional skill development and career advancement. For Cath-Lab abstention, 
38.9% and 69.6% of respondents considered it useful to perform percutaneous coronary intervention robotic simulations and 
"refresh-skill" sessions while they were absent or on return to work, respectively, without gender differences. Overall, 80% of 
respondents described current radioprotection counseling efforts as inadequate and not gender specific. Finally, 26.7% faced 
some type of job discrimination, a significantly higher proportion of whom were women.

CONCLUSIONS: Several gender-based differences exist or are perceived to exist among interventional cardiologists in Italian 
Cath-Labs. Joint strategies addressing Cath-Lab abstention and radiation exposure education should be developed to pro-
mote gender equity in interventional cardiologists.
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Gender represents a topic of increasing importance 
in medicine. Nearly half of medical students are 
now women, with an increase of women entering 

medical subspecialties that have been historically male 
dominated.1–3 Compared with other non-European 
countries, an area of major change in Italy has been in 
interventional cardiology (IC), where affiliated women of 
Società Italiana di Cardiologia Interventistica–Gruppo 

Italiano di Studi Emodinamici (SICI-GISE) now repre-
sent 17.7% of catheterization laboratory (Cath-Lab) 
operators (SICI-GISE census of 2019).3-5 Despite this 
promising turn, women interventional cardiologists 
(ICs) remain a small community that needs to be sup-
ported, especially in the initial phases of a woman’s ca-
reer, which coincide with childbearing.4–6 Furthermore, 
both sexes need a support in those circumstances of 
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abstention from the Cath-Lab caused by health condi-
tions. Although prior studies have examined the issue 
of gender differences in IC, there is a paucity of in-
formation available about gender differences among 
operators within Cath-Lab settings. The issue of Cath-
Lab abstention also remains a widely understudied 
topic.7–9

In 2016, SICI-GISE established a young inter-
ventionalist group called “GISE Young” consisting of 

young ICs  <35 years old. The mission of this group 
is: (1) to understand the unmet needs of young Italian 
ICs, (2) to promote the training and support of young 
Italian ICs, and (3) to develop an active national and 
international network of young ICs. Another important 
purpose of GISE Young is to support young women 
ICs in the early stages of their professional training and 
education.

To support these missions, a national survey, ad-
dressed to all SICI-GISE members, was developed 
with the aim of canvassing all Italian Cath-Labs to as-
sess gender disparities on professional life.

The aims of this survey were to:

1. Assess differences in demographics in Italian Cath-
Labs according to gender;

2. Evaluate possible professional and private-life gen-
der differences in Italian Cath-Labs;

3. Identify the need for professional support during and 
after a period of abstention from the Cath-Lab for 
any reason; and

4. Investigate the need for dedicated radiation safety 
procedures as perceived by the operators.

METHODS
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent on request and after 
permission from the SICI-GISE society.

The survey, named “The Gender Issues and 
Radiation Risk in the Cath-Lab,” was sent by e-mail 
to all SICI-GISE members. The survey was sent 
on August 4, 2018, and was closed on September 
30, 2018. The questions were formatted as multi-
ple choice, and some required an open answer or 
definition of a scale. This was an online survey study 
using fully anonymized data. It was not mandatory 
to answer all questions to complete the survey. The 
survey was designed by a multidisciplinary women 
team composed of Cath-Lab heads, senior ICs, and 
fellows. Finally, we conducted a dedicated system-
atic review to acknowledge and build on prior works 
on this topic.

The survey included a total of 46-item questions 
focused on 5 sections: (1) generalities and job-day 
activities (question 1-question 12); (2) private life 
(question 13-question 18); (3) abstention from the 
Cath-Labs for health problems, pregnancy, and 
breastfeeding (question 19-question 27); (4) radio-
exposure (question 28-question 38); and (5) job dis-
crimination issues (question 39-question 46). The 
complete survey is consultable in Table S1. Response 

CLINICAL PERSPECTIVE

What Is New?
• Gender gap is still wide in some subspecialties 

of medicine, such as interventional cardiology 
(IC), in which radioexposure plays a key role.

• This is an important study that surveys and 
raises awareness about gender differences in 
personal, family, and professional life among in-
terventional cardiologists in Italy, where the pro-
portion of interventional cardiologists who are 
women is higher than in other places around the 
world.

• Several recommendations and action items to 
overcome the gender gap were proposed to 
adjust to the rising proportion of women in IC 
and improve radiation prevention globally in IC.

What Are the Clinical Implications?
• Gender discrimination in Italian catheterization 

laboratories remains both a perceived and a 
real issue.

• With the increased prevalence of women in IC, 
some concerning findings, such as catheteriza-
tion laboratory abstention and gender-specific 
radiation counseling, need to be carefully as-
sessed, organized, and implemented with the 
development of gender-specific educational 
programs.

• Education and professional advancement 
should be pursued and used across the field of 
IC for both sexes.

Nonstandard Abbreviations and Acronyms

Cath-Lab Catheterization laboratory
GISE-young Gruppo Italiano di Studi  

Emodinamici Young
IC Interventional cardiology
ICs Interventional cardiologists
SICI-GISE Società Italiana di Cardiologia 

Interventistica–Gruppo Italiano di 
Studi Emodinamici
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enhancement techniques included mailing lists, mul-
tiple mailings, and telephone calls. In addition, we 
encouraged the forwarding of the survey by e-mail to 
increase participation. The survey was anonymous, 
without tracking of the identity personality or other 
personal features enabling the identification of the 
respondents.

The study was approved by institutional review 
committee (institutional review board), and the sub-
jects gave informed consent.

Statistical Analysis
No specific primary hypothesis or end point was 
outlined. However, the survey was designed to cap-
ture several key dimensions of women training in 
cardiovascular interventions, and to enable several 
comparative analyses. We did not perform a specific 
sample size analysis for this work. However, we rea-
soned that a total of at least 1200 invitations should 
have yielded a minimum of 300 completed surveys, 
assuming a 20% to 25% response rate. Accordingly, 
a 300-unit sample would have provided accept-
ably narrow 95% CIs for inferential analysis (eg, a 
40% positive response to a given question would 
have yielded a 95% CI ranging from 33%–47%). 
Parametric distribution of continuous variables was 
tested graphically and with Kolmogorov-Smirnov, and 
the appropriate analyses were used in accordance 
with the results. Categorical data were expressed as 
numbers (percentages) and compared with the use 
of χ2 test. All data were analyzed using SPSS ver-
sion 22.0 (IBM SPSS Statistics for Windows, Version 
22.0; IBM Corp, Armonk, NY). P<0.05 was consid-
ered significant.

RESULTS
Survey Population: Generalities, Job 
Habits, and Private Life
The survey was sent to a total of 1230 SICI-GISE 
members (1070 nonyoung and 160 young members). 
Table 1 and Figure  1 show the demographic of sur-
vey respondents. A total of 326 interventionalists 
completed the survey, representing a response rate 
of 26.5%. Sixty-six (20.2%) were  <35  years old, and 
29.1% were between 41 and 50  years old. Overall, 
86 (26.4%) of the survey responders were women. 
Women were more likely to be  <40  years old com-
pared with men (48.8% women versus 33.8% men; 
P=0.010). Respondents had >10 years of Cath-Lab 
experience in 64.4% of cases, with a significant differ-
ence according to gender. Overall, 76.7% were stable 
consultants, whereas the remaining were cardiologists 
with atypical job contracts (grant holders, free-service 

contracts, and/or temporary contracts). In addition, 
79.8% worked in a public hospital.

Typical Working Day and Private Life 
According to Gender
Table 2 shows the gender differences for working 
day and private life. Nearly half (48.8%) of respond-
ents claimed to work <8 hours per day in the Cath-
Lab (45.3% women versus 50.0% men; P=0.459). 
Furthermore, 68.7% of respondents performed clin-
ical activities with “on-call” duty without difference 
between the genders (69.8% women versus 68.3% 
men; P=0.970). Notably, asking “How much does 
your job in the Cath-Lab affect your family manage-
ment from a scale of 1 to 10?,” both genders in-
dicated that being an IC has a decisively negative 
impact (>5) on organizing their family life. For private 
life, women are more frequently single (22.1% ver-
sus 8.7% men; P=0.02) and without children (43.9% 
versus 56.1%; P<0.001). Furthermore, men more 
frequently have domestic partners who work in the 
same hospital to them, but who are not part of the 
medical staff (56.2% men versus 44.8% women; 
P=0.029).

Abstention From the Cath-Lab
Table 3 reports the response differences between 
genders according to themes such as abstention from 
the Cath-Lab, radiation exposure, and workplace dis-
crimination. In cases of Cath-Lab abstention for any 
reason (pregnancy/illness/injury), 38.9% and 69.6% 
of respondents believe that it is useful to perform in-
terventions with percutaneous coronary intervention 
robotics/simulations and to participate in "refresh-
skill" sessions during abstention or on return to work, 
respectively, without gender differences. Moreover, 
women indicated a negative impact of pregnancy/
breastfeeding on professional skill development and 
career advancement (women 69.8% versus men 
44.6%; P<0.001). In addition, most women, especially 
those with child, respondents preferred to abstain from 
the Cath-Lab altogether during pregnancy/breastfeed-
ing (Figure 2).8,9

Radiation Exposure
For radiation exposure, only 46.6% of respond-
ents felt that their hospital counseling service is 
adequate, without any gender difference (Table 3). 
Overall, 85.9% of respondents believe that national 
professional organizations should have a direct role 
in developing dedicated radiation protection coun-
seling programs. In addition, 80% of the survey’s 
respondents retain that the current radiation expo-
sure counseling is not specific to gender and age. 
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Only 12.3% of respondents reported that there are 
campaigns designed to prevent infertility and reduce 
exposure to gonads and/or highly radiosensitive 
tissue, such as breast tissue. Almost all respond-
ents reported that workers should have appropriate 
apron lead protections, such as side sleeve for the 
breasts, with significantly more women in agree-
ment (88.3% women versus 73.8% men; P=0.028). 
Finally, 12.0% of respondents reported that they are 
not equipped with a table suspended lead ceiling. 
As expected, there was a significant gender differ-
ence in the knowledge of the legislative principles 
governing access to Cath-Labs during pregnancy. 
Notably, only 22.1% and 18.6% of women reported 
to have received detailed information from their 
employer on radiation exposure during the first 
trimester of pregnancy and during breastfeeding, 
respectively.

Discrimination in the Workplace
One of the survey’s introductory questions was 
related to the perception of gender as a limita-
tion to pursuing a career in IC: “Do you think that 
the female gender can preclude or render a more 
difficult training course in IC?” There was an im-
portant gender difference in answering this ques-
tion (74.4% women answered positively versus 
35.4% of men; P<0.001). Furthermore, there was 
a significant gender difference in assuming that 
greater support of women by the scientific soci-
eties could support women in their choice of an 
interventional career (83.7% women versus 64.6% 
men; P=0.008). Interestingly, 26.7% of the entire 
population reported to have experienced some 
type of workplace discrimination, with significant 
differences between genders (62.8% women ver-
sus 13.8% men; P<0.001) (Table 3). Overall, 8.9% 

Table 1. Gender-CATH Study: Demographic and Working Characteristics of the Survey Population

Generalities Overall (326/1230) Women (86/326) Men (240/326) P Value

Age, y

<35  66 (20.2) 23 (26.7) 43 (17.9) 0.095

36–40  59 (18.1) 20 (23.2) 39 (16.2)

41–50  95 (29.1) 26 (30.2) 69 (28.7)

>50  70 (21.5) 12 (14.0) 58 (24.2)

>60  31 (9.5) 4 (4.7) 28 (11.7)

Missing answer 4 (1.2) 1 (1.2) 3 (1.2)

Population aged <40 y 123 (37.7) 42 (48.8) 81 (33.8) 0.010

Cath-Lab experience, y

1–≤3  29 (8.9) 8 (9.3) 21 (8.7) 0.033

3–5  30 (9.2) 12 (13.9) 18 (7.5)

>5  52 (15.9) 20 (23.2) 32 (13.3)

>10  210 (64.4) 44 (51.2) 166 (69.2)

Missing answer 5 (1.5) 1 (1.2) 3 (1.2)

Working position

Scholarship 10 (3.1) 2 (2.3) 8 (3.3) 0.760

Freelance contract 28 (8.6) 9 (10.5) 19 (7.9)

Full-time consultant 250 (76.7) 62 (72.1) 188 (78.3)

Fixed-term consultant 35 (10.7) 12 (14.0) 23 (9.6)

Missing answer 3 (0.9) 1 (1.2) 2 (0.83)

Working structure

Affiliated private hospital 56 (17.2) 19 (22.1) 37 (15.4) 0.530

Public hospital 260 (79.8) 65 (76.8) 195 (81.3)

Private facility 6 (1.8) 1 (1.2) 5 (2.1)

Missing answer 4 (1.2) 1 (1.2) 3 (1.3)

Working in university structure (+ answer) 94 (28.9) 30 (34.9) 64 (26.7) 0.353

Geographical origin

North 159 (48.8) 45 (52.3) 114 (47.5) 0.498

Center-south 167 (51.2) 41 (47.7) 126 (52.5)

Values are number (percentage). CATH indicates Catheterization laboratory; and Cath-Lab, catheterization laboratory.
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of respondents reported being subject to physical 
harassment, and 18.4% to verbal harassment.

DISCUSSION
This national survey, to our knowledge, represents the 
first assessment of professional gender differences 
as perceived by Italian ICs. The main findings of the 
survey are the following: (1) there are no gender-based 
workload differences in performing “on-call duty” or 
clinical activity; (2) however, several important gender 
differences in private life exist between ICs; (3) both 
genders desire professional support in cases of ab-
stention from/return to the Cath-Lab through train-
ing, education, “refresh-skill” and hands-on sessions, 
aimed to facilitate re-entry into interventional activity; 
(4) there is a major need for radiation safety training 
and the development of gender-specific educational 
programs; (5) there is a significant gender perception 
difference in evaluating different topics; and (6) women 

reported more career discrimination and harassment 
compared with men.

Gender and Age Classes in Interventional 
Italian Cath-Labs
The proportion of women IC SICI-GISE members in Italy 
has increased over time, reducing the demographic 
gender gap in Italian Cath-Labs. Indeed, in Italy, the 
rate of IC women is clearly higher than other countries, 
such as United States and Australia.3–5 Furthermore, 
in the past 4 years, the number of Italian women ICs 
affiliated with SICI-GISE increased from 15.7% in 2015 
to 17.7% in 2019, faster compared with other coun-
tries.3–5 These data are encouraging, especially when 
compared with the United States, where the number 
of practicing female interventionalists is 7%, and in line 
with the recently published European Association of 
Percutaneous Coronary Interventions Women’s sur-
vey, where European female operators accounted for 
18% (n=353) of 1952 interventionalists, with a similar 

Figure 1. Demographics of the Gender-CATH survey recipients.
Diagram flow of the survey conducted among Società Italiana di Cardiologia Interventistica–Gruppo Italiano di Studi Emodinamici 
(SICI-GISE) members, and the principal characteristics of the survey responders. CATH indicates Catheterization laboratory; and 
Cath-Lab, catheterization laboratory.
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proportion across rank, whatever the type of institu-
tion. European Association of Percutaneous Coronary 
Interventions data further reported that female fellows 
accounted for 24.5% (n=147) of the total 599 fellows 
(P<0.01), suggesting that the proportion of women is 
likely to increase further.9,10

A growing number of women in IC therefore requires 
a more detailed understanding of the gender-based 
needs and requirements within the Cath-Lab to en-
sure operator safety. This survey demonstrated that 

gender topic is important between both sexes and 
various age groups of IC generations. Indeed, al-
though the survey was an initiative conceived and 
launched by the GISE Young group, it included par-
ticipation from all ICs in Italy. However, the women 
who participated in the survey were younger overall 
than the male participants. There was a significantly 
greater female preponderance in the respondent 
group of <40 year olds. These results may be partly 
justified and linked to a selection bias: more young 

Figure 2. Abstention from catheterization laboratories (Cath-Labs) during pregnancy and/or breastfeeding.
Percentage rate of responders who would continue to work in Cath-Labs during pregnancy, breastfeeding, or in both periods. The 
quote of interventional cardiologists with and without child is also depicted.

Table 2. Gender-CATH Study: Working Characteristics and Private Life of the Survey Population

Job and Private Life Features Overall (n=326) Women (n=86) Men (n=240) P Value

Cath-Lab experience >10 y 262 (80.4) 64 (74.4) 198 (82.5) 0.101

Full-time consultant position 250 (76.7) 62 (72.1) 188 (78.3) 0.153

Cath-Lab worked <8 h/d 159 (48.8) 39 (45.3) 120 (50.0) 0.459

Cardiology “on call” 224 (68.7) 60 (69.8) 164 (68.3) 0.970

Time dedicated to clinical activity >50% 46 (14.1) 14 (16.3) 32 (13.3) 0.839

Single 40 (12.3) 19 (22.1) 21 (8.7) 0.002

Not single 286 (87.7) 67 (77.9) 219 (91.2)

- Partner working in hospital staff but not physician 153/286 (53.5) 30/67 (44.8) 123/219 (56.2) 0.029

- Partner cardiologist/ interventionalist 62/286 (21.7) 20/67 (29.8) 42/219 (19.2) 0.001

- Partner working in the same structure/ward 36/286 (12.6) 25/67 (40.3) 11/219 (5.02) 0.721

Childless 114/326 (35.0) 50/114 (43.9) 64/114 (56.1) <0.001

With child 212/326 (65.0) 36/212 (17.0) 176/212 (83.0)

1 Child 67/212 (31.6) 21/67 (31.3) 46/67 (68.7)

>1 Child 145/212 (68.4) 15/145 (10.3) 130/145 (89.7)

Child during residency in cardiology 43/212 (20.3) 5/36 (13.9) 38/176 (21.6) 0.003

Values are number (percentage) or number/total (percentage). CATH indicates catheterization laboratory; and Cath-Lab, catheterization laboratory.
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women could have participated because the survey 
assessed a relevant topic to women of childbearing 
age or harboring more concern about the future of 
their career. However, these results also potentially 
suggest that we are beginning an era of “gender 
change” in the Cath-Lab, with a growing percentage 
of women willing and wanting to share their opinions 
and strive for positive professional change.

Gender Disparities: Job, Private Life
This survey evaluated the work and private life of ICs 
according to gender. Importantly, the typical workday 
performing clinical activities and “on-call” duty for ICs 
is similar between the 2 genders. Similarly, work po-
sition (eg, full-time consultants) was not different ac-
cording to gender. Nevertheless, compensation was 
not addressed. However, the fact that women perform 

Table 3. Gender-CATH Study: Abstentions From Cath-Labs, Radiation Exposure, and Work Discrimination of the Survey 
Population

Features on Cath-Lab Abstention, Radiation Exposure, and Work 
Discrimination Overall (n=326) Women (n=86) Men (n=240) P Value

Do you think that pregnancy can influence negatively the future 
employment intake?

167 (51.2) 60 (69.8) 107 (44.6) <0.001

Are you aware of the laws that regulate access to the Cath-Labs during 
the period of pregnancy?

159 (48.8) 62 (72.1) 97 (40.4) <0.001

Do you think that the SICI-GISE scientific society should create 
resources to maintain the skills in case of Cath-Lab abstention?

198 (60.3) 62 (72.1) 136 (56.7) 0.057

Do you think that a greater protection and support of women by 
the scientific societies can favor the woman in the choice of an 
interventional career?

227 (69.6) 72 (83.7) 155 (64.6) 0.008

Do you believe that your hospital counseling service is enough to 
provide exhaustive information in the field of radiation exposure?

152 (46.6) 38 (44.2) 114 (47.5) 0.864

Do you believe that our scientific society must also take charge of 
counseling programs of related to radioprotection?

280 (85.9) 77 (89.5) 203 (84.6) 0.244

In your hospital, are there awareness campaigns designed to 
prevent infertility and to reduce the exposure of gonads and highly 
radiosensitive tissues, such as the breast?

40 (12.3) 7 (8.1) 33 (13.8) 0.202

Do you think that female operators should have lateral protection of the 
breasts?

253 (77.6) 76 (88.3) 177 (73.8) 0.028

Are there customized lead aprons available in your Cath-Lab? 92 (28.2) 25 (29.1) 67 (27.9) 0.091

Do you have wall hangings at the table for protection of the pelvis in 
your Cath-Lab?

287 (88.0) 74 (86.0) 213 (88.8) 0.926

Was the health physics service able to provide detailed information for 
women exposed in the first trimester of pregnancy?

(-) Answers 110 (33.7) 46 (53.5) 64 (26.7) 0.001

(+) Answers 77 (23.6) 19 (22.1) 58 (24.2)

“Don’t know” answers 
134 (41.1)

20 (23.3) 114 (47.5)

Missing answers 5 (1.5) 1 (1.2) 4 (1.7)

Was the health physics service able to provide detailed information for 
breastfeeding and radiation exposure?

(-) Answers 72 (21.1) 31 (36.0) 41 (17.1) 0.001

(+) Answers 50 (15.3) 16 (18.6) 34 (14.2)

“Don’t know” answers 
197 (60.4)

38 (44.2) 159 (66.3)

Missing answers 7 (2.1) 2 (2.3) 5 (2.1)

Have you ever experienced discrimination in the workplace? 87 (26.7) 54 (62.8) 33 (13.8) <0.001

Have you ever perceived to be the subject of behaviors like harassment 
or advances in the workplace?

29 (8.9) 20 (23.3) 9 (3.75) <0.001

Have you ever felt you were being subjected to verbal harassment in the 
workplace?

60 (18.4) 25 (29.1) 35 (14.5) 0.009

Have you ever felt you were subject to physical harassment in the 
workplace?

6 (1.8) 3 (3.5) 3 (1.25) 0.345

Do you believe that female gender is discriminatory for career 
purposes?

191 (58.6) 78 (90.7) 113 (47.1) <0.001

Do you believe that being a woman can be discriminatory for the 
purposes of work compensation?

74 (22.7) 46/74 (62.2) 28/74 (37.8) <0.001

Values are number (percentage) or number/total (percentage). CATH indicates catheterization laboratory; Cath-Lab, catheterization laboratory; and SICI-
GISE, Società Italiana di Cardiologia Interventistica–Gruppo Italiano di Studi Emodinamici.
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the same amount of “on-call duty” does not mean their 
workload is the same. In fact, women are more often 
asked to complete additional work-related tasks apart 
from their clinical activities. Indeed, despite a similar or 
higher workload, women are often paid less and pro-
moted less often than their male counterparts.4,7

Notably, on the contrary to workload, a major gap in 
private life exists. Women continue to be more frequently 
single. In addition, male respondents more frequently 
have domestic partners working in the same hospital, but 
who are not part of the medical staff, whereas women 
more often have domestic partners who work outside of 
the health system or have partners who are also physi-
cians and usually working in the same structure.

Most important, besides being single, a high pro-
portion of Italian IC women have no children. In addi-
tion, the rate of women with >1 child was extremely 
low compared with the male counterparts. Several 
factors could have contributed to this. First, the age 
of childbearing in most cases coincides with the IC 
fellowship, which starts at 29 years old in Italy. The 
choice to have a child often represents a criticism 
for young women who plan to become ICs, because 
pregnancy is perceived as negatively impacting on 
career development. Duly, Cath-Lab directors often 
evaluate the “risk of a pregnancy” when choosing 
candidates for fellowship or recommendation for a 
permanent position.10 In addition, a considerable 
concern among female ICs is that early skills training 
is known to be crucial in the learning curve, and an 
interruption in this training during or after pregnancy 
can have a negative impact.10–15

Second, in the early stages of their career, pregnant 
women ICs have no stable job and therefore are usu-
ally not adequately supported with structured parental 
leave, postpartum/return-to-work policies, and child-
care support/options.

Third, and most important, in Italy, pregnant staff 
members are excluded from Cath-Lab, compared with 
other countries. This could represent a causative factor 
in justifying the absence of pregnancy or a low num-
ber of children in Italian women who wish to continue 
working in Cath-Lab.

Finally, for the reasons above, many women post-
pone the planning of a pregnancy after IC fellowship and 
until their position is stable from a working point of view. It 
is clear, however, that the impact of delayed parenthood 
until after IC training may result in problems with fertility 
by biological age per se and because of the potential 
damage of radiation on reproductive system.4,16,17

Cath-Lab Abstention
This survey evaluated, for the first time, the need of 
professional support as perceived by interventional-
ists, during and/or after periods of abstention from 

activity in the Cath-Lab, for any circumstance, includ-
ing pregnancy, illness, or injury.

The use of simulators to reduce the effects of a 
Cath-Lab abstention on a trainee’s ability to advance 
his or her skills without radiation exposure could be 
useful in such select cases and could also be used 
in general for all interventionalists who are not able 
to be exposed to radiation for any temporary reason. 
Indeed, the percutaneous coronary intervention ro-
botic simulator had been proposed for pregnant oper-
ators.15 Furthermore, the issue of Cath-Lab abstention 
was also reported as a concern for male operators 
who consider it necessary to implement resources to 
maintain skills in circumstances of abstention from in-
terventional activity (eg, through hands-on sessions, 
refresh skills, boot camps, and percutaneous coronary 
intervention robotics). However, at present, percutane-
ous coronary intervention robotic simulators are far 
from being widely used in routine Cath-Lab practice. 
This technology could be a part of future development 
in IC to address several circumstances.

Both genders retain that their institutions and na-
tional professional organizations should support all in-
terventionalists during periods of abstention from the 
Cath-Lab. The potential alternatives suggested during 
the Cath-Lab abstention periods include ambulatory 
activity (24.5%), intensive care unit and/or general car-
diology clinical care (31.3%), clinical research (14.9%), 
and a combination of these activities (29.8%).

Radiation Exposure
The topic of radiation exposure remains critical. 
Professional radiation exposure is associated with 
a nonnegligible lifetime attributable risk of develop-
ing malignancy; however, the prevalence of cancer 
among ICs has not been elucidated.9 Furthermore, 
long-term occupational exposure is correlated with 
a risk of noncancer health problems, such as ortho-
pedic problems, cataracts, and premature vascular 
and neurocognitive aging.18–20 Therefore, related train-
ing for Cath-Lab operators and IC fellows is crucial 
to learning and applying strategies toward reducing 
radiation dose exposure. For this topic, survey re-
spondents noted that the type of counseling currently 
provided by hospitals is inadequate. Furthermore, they 
felt it necessary to render gender-specific radiation 
safety counseling programs and to include informa-
tion on related infertility. To date, the only data avail-
able on the effects of long-term radiation exposure 
in fertility are relative to spermatogenesis.21 It is also 
necessary to increase operator awareness, promot-
ing and encouraging more extensive use of protec-
tive devices, such as dedicated lead aprons. In line 
with previous reports, women, compared with men, 
are more concerned with the topic of personalized 
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and dedicated lead aprons (eg, left lateral protection 
to the breasts).22,23 These results, together with pre-
vious data coming from a European Association of 
Percutaneous Coronary Interventions survey, suggest 
that Cath-Lab department policies should be more 
accurate and more stringent to improve radiation pre-
vention and protection.10 In this survey, only 28% of 
responders declared to have specific and customized 
lead equipment. Furthermore, 12% declared to not 
have wall hangings at the table for protection of the 
pelvis.

In regard to occupational radiation exposure 
during pregnancy, the data currently available do not 
suggest a significant increase in the risk of abortion, 
malformation, or fetal neoplasm in women working 
in Cath-Labs.12,22,23 However, women cardiologists 
are increasingly concerned about radiation expo-
sure during pregnancy.16 European and Italian direc-
tives on radiation risk and pregnancy are illustrated in 
Figure  3.24–26 Although these Italian laws have been 
dated for 20 years, a large number of women in the 
survey did not know the legislative principles regulating 

radiation exposure and pregnancy. Therefore, con-
cerns over radiation exposure during pregnancy re-
main as education in this area is lacking. Notably, 
despite data showing that ICs could safely continue 
their activity in the Cath-Lab during pregnancy, most 
surveyed preferred not to work during this time. About 
70% of women are reported to abstain from the Cath-
Lab during pregnancy-breastfeeding, with higher pro-
portion in women having a child. This reflects the lack 
of adequate information and could be considered a 
hidden subject. With a likely continued increase in the 
number of female interventionalists, it is necessary to 
carefully assess the potential risk of infertility related to 
pelvic radiation during IC procedures and to address 
the effects of radioexposure during pregnancy in de-
tail, especially during the first trimester of pregnancy, 
on the effect on the fetus.

Gender Perception and Discrimination
As expected, we observed a significant gender-
based difference on several topics. The most con-
cerning finding was that gender remains a limitation 

Figure 3. Italian and European radiation laws on radioexposure and pregnancy.
Principal laws that regulate radioexposure and pregnancy in Italy and Europe. Cath-Lab indicates catheterization laboratory; and 
ICRP, International Commission on Radiological Protection.

Occupational Radiation Exposure in Pregnancy: 
European and Italian Laws

The European Directive 
2013/59 establishes 1 

millisievert (1mSv) as the 
dose limit to the fetus 
during the gestational 

period (24). It also states 
that after the declaration 

of pregnancy, on a 
voluntary basis and after 
confirming understanding 

of the possible risks 
connected with the 

exposure to radiation, a 
woman can continue her 
activity in the Cath-Lab. In 

this case, it is necessary
to implement all the fetus
protection measures (e.g. 

dosimeter).

The Italian law with the D.L. March 26, 2001, n. 151, establishes that :"during pregnancy women 
cannot carry out activities in classified areas or, in any case, be employed for activities that 

could expose the unborn child to a dose that exceeds 1mSv during the period of pregnancy" 
(25). Work involving exposure to ionizing radiation is among the strenuous, dangerous and 

prohibited. Therefore, strenuous, dangerous and unhealthy jobs such as exposure to ionizing 
radiation are prohibited during gestation and for 7 months after childbirth (26).

The ICRP publication 117 
stated that the risk of 
exposure to ionizing 

radiation during 
pregnancy should not be 

used as a means of 
discrimination (25). These 
indications were recently 

taken from consensus 
documents of the 

European Heart Rhythm 
Association (HERA), the 

European and American 
radiology and 

interventional cardiology 
societies (12,23,24).
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to pursuing a career in IC. Even though we are living 
in an era characterized by an ideal equality between 
genders, the perception that female gender is detri-
mental toward career goals is a current reality. This is 
still a static concept we have yet to overcome, and a 
burden experienced most acutely by women. Being 
a woman is perceived by both men and women as 
being detrimental toward starting a training pro-
gram in IC, to developing career goals in IC, and to 
compensation.

Notably, in this survey, there was an important dif-
ference in considering female gender as a perceived 
discriminating factor for career purposes: slightly more 
than half of men believe that female gender is discrimi-
natory with respect to IC careers as opposed to 90% 
of women. Indeed, concerns about radiation expo-
sure, lack of flexibility in work hours, and insufficient 
family support are more readily apparent to women 
and substantiate their belief that women cannot suc-
ceed in IC.14 Furthermore, 64.3% of respondents 

retained that gender does not influence compensa-
tion, despite there being substantial evidence to sup-
port workplace compensation disparities. Therefore, 
the perception of what is real does not always match 
the reality. Harassment and discrimination are another 
area of actual difference. Almost a quarter of survey 
respondents reported to have experienced some type 
of workplace harassment, with 8.9% of respondents 
having experienced physical advances, and 18.4% 
having received verbal harassment. However, women 
significantly reported more career discrimination and 
harassment compared with men.

Future Directives and Recommendations 
Based on Survey Perceptions
One of the main objectives of this survey is to pro-
mote its distribution in other countries to evaluate pos-
sible national differences and, above all, to stimulate 
the formation of working groups aimed at generating 

Figure 4. Proposed future directives in the field of gender gap in interventional cardiology (IC).
Potential recommendations to overcome gender gap in IC. Cath-Lab indicates catheterization laboratory; ICs, interventional 
cardiologists; and PCI, percutaneous coronary intervention.

Steps Forwards and Recommendations to Overcome 
Gender Gap in Interventional Cardiology

Improvement in professional development of women Cardiologists in all stages;

Educational efforts which address perception versus reality as related to gender-based differences 
in the IC workforce;

Robust gender-specific radiation exposure counseling for all ICs; 

Flexible training and working pathways;

Non-gender biased funding opportunities;

Specific counseling for Cath-Lab female operators both before, during and after pregnancy; 

Refresh-skill sessions and use of PCI robotic training simulators in cases of Cath-Lab abstention; 

Development of dedicated family medical leave policies:

• Information about parental leave policy to the pregnant trainee/partner
• Postpartum/return-to work policies (breastfeeding/lactation room information)
• Clinic Scheduling flexibility during postpartum period
• Parent support group(s) information
• Childcare support/options

The deliberate allocation of funds to all above efforts by professional organizations, hospitals, 
corporate sponsors and other funding agencies. 
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greater awareness of and action around these issues. 
On the basis of the survey results, potential strategies 
to reduce gender gaps in the field of IC, to adjust to 
the rising proportion of women in the field, and to im-
prove radiation prevention globally are summarized in 
Figure 4.

Limitations
The main limitation of our study is that the survey was 
conducted only in Italy. Furthermore, the sampling 
bias, caused by the voluntary nature of the survey, and 
consequently the sample may not necessarily reflect 
the entire Italian IC community. Therefore, the results 
are not generalizable to the wider IC population in Italy 
because of sampling bias. However, the response 
rate is satisfactory, and the results may be considered 
representative despite a slight bias in favor of women. 
In addition, women responded to the survey at a dis-
proportionate rate to the number of female ICs in Italy, 
potentially creating a bias in the survey results. The 
results of the survey, however, are worth considering 
seriously for several reasons.

In the evaluation of the working day, the survey does 
not evaluate the other tasks outside the Cath-Lab, which 
could lead to an increased workload for women.

Another limitation of this survey is that we could 
not evaluate the demographic differences between re-
spondents and nonrespondents. Finally, the fact that 
women are paid less and less often promoted was un-
fortunately not addressed in this survey.

CONCLUSIONS
The results of this survey show several important novel 
findings. Although women represent an increasing 
number of ICs in Italy, gender discrimination remains 
both a perceived and a real issue, and these percep-
tions and realities, which are both important to address, 
do not align. It also shows that Cath-Lab abstention 
and X-ray protection are still inadequately addressed. 
There is a major need for attention to radiation safety 
in general and for counseling more specific to opera-
tor gender. Strategies for education and professional 
advancement should be developed in cases of Cath-
Lab abstention, and gender-specific radiation safety 
programs should be used across the field of IC.
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Table S1. Gender CATH-Survey. 

 

SECTION I. PERSONAL CHARACTERISTICS and TYPE of EMPLOYMENT (Q1-Q12) 

 

1) What age range do you belong? 

• ≤ 30 years 

• > 30-35 years 

• 36-40 years 

• 41-50 years 

• >50 years 

• >60 years 

•  

2)  What is your gender? 

• Female 

• Male 

 

3) From how many years do you work in Cath-Lab? 

• ≤ 1 years 

• >1-≤ 3 years 

• >3-≤ 5 years 

• > 5 years 

• >10 years 

 

4) What is your current position in the Cath-Lab? 

• Fellow in Cardiology 

• Cardiologist structured with a permanent contract 

• Cardiologist structured with a fixed-term contract 

• Cardiologist with a professional relationship 

• Cardiologist / scholarship holder 

     5) What kind of structure do you work in? 

• Public Hospital 

• Private Hospital agreement with the National Health System  

• Private structure 

6) Do you work in a university structure? 

• Yes 

• No 

7) What is the region where you work? 

Please report 

8) Do you think that female sex can preclude or render more difficult the access in starting a fellowship in 

interventional cardiology? 

• Yes 

• No 



• I do not know 

9) How much the choice of becoming an interventional cardiologist did affect your private life on a scale of 

1 to 10? 

Please report a number 

 

10)  What is your daily work commitment in Cath-Lab? 

• < 8 h 

• 8-12 h 

• > 12 h 

 

11)  Do you perform clinical activity and “on call”? 

• Yes 

• No 

12) If yes, how much of your time is devoted to clinical activity? 

• <30% 

• 31-50% 

•> 50% 

SECTION II. PRIVATE LIFE (Q 13-18). 

 

13) Do you have a partner? 

• Yes 

• No 

14) Does your partner work in the health sector (medical-nursing staff)? 

• Yes 

• No 

15) Is your partner an interventional cardiologist / cardiologist? 

• Yes 

• No 

16) Does your partner work in your facility and / or in your department? 

• Yes 

• No 

 

17) How many children do you have? 

• 0 

• 1 

•>2 

•> 3 

 

 



18) How much does your job in Cath-Lab affect the family management from a scale of 1 to 10? 

Please report a number 

 

19) At least one pregnancy occurred during the period of training in cardiology? 

• Yes 

• No 

SECTION III. CATH-LAB ABSTENSION (Q19-Q27) 

 

20) Do you think that a period of abstention from the Cath-Lab for pregnancy / lactation negatively affects 

the possibilities of training and future intake? 

• Yes 

• No 

• I do not know 

 

21) If you were allowed, would you have continued to work or suggested to a woman to work in Cath-Lab 

during the period of pregnancy and breastfeeding? 

• Yes, only during pregnancy 

• Yes, only during breastfeeding 

• Yes, in both periods 

•No 

 

22) Are you aware of the laws governing access to Cath-Lab during the period of pregnancy? 

• Yes 

• No 

• I do not know 

 

23) In the period of abstention from Cath-Lab, (for any reason pregnancy / illness / accident), what would 

you propose as activity / job task to best allocate your personal resources? 

Express your opinion. 

 

24) During abstention from Cath-Lab (for any reason pregnancy / illness / injury), do you think it is useful to 

perform PCI robotic simulation operations? 

• Yes 

• No 



• I don’t know 

 

25) Do you think that it useful to participate in "Refresh skill" sessions during or after the period of 

abstention from the Cath-Lab (for any reason pregnancy / illness / accident),? 

• Yes 

• No 

• I do not know 

 

26) Do you think that the SICI-GISE scientific society should create both economic resources (e.g. grant 

scholarships) and training ("hand-on" sessions) to maintain skills in cases of abstention from Cath-Lab? 

• Yes 

• No 

• I do not know 

27) Do you think that greater protection and support of women by scientific societies could favour the choice 

of an interventional career for women? 

• Yes 

• No 

• I do not know 

 

SECTION IV. RADIOEXPOSURE (Q28-Q38). 

 

28) Do you think that the radiation exposure counseling service provided by your work structure is 

sufficient? 

• Yes 

• No 

 

29) Do you think that our scientific society should implement radiation protection counselling programs? 

• Yes 

• No 

• I do not know 

 

30) How much the current radiation protection counseling programs is specific to gender and age? 

• Shortly 

• Sufficiently 



•Very 

 

31) Are there awareness campaigns in your hospital to prevent infertility, reduce exposure to gonads and / or 

highly radiosensitive tissues such as the breast? 

• Yes 

• No 

• I do not know 

 

32) Do you think that it is necessary for the operators to have lead aprons with appropriate lateral protection 

of the breasts? 

• Yes 

• No 

• I do not know 

 

33) If yes, are there custom lead aprons available in your laboratory? 

• Yes 

•  No 

• I do not know 

34) In your laboratory, do you have pelvis protection incorporated at the table? 

• Yup 

• No 

• Yes, but we do not use them 

 

35) Was the health physics service able to provide detailed information for women exposed in the first 

trimester of pregnancy?  

• Yes 

• No 

• I do not know 

 

36) What is the radiological dose limit of exposure to the fetus during the gestation period? 

• 0.5 msV 

• 1.0 mSv 

• 1.5 mSv 

• there is no accepted limit 



37) In the case of breastfeeding, was health physics able to provide information on radio exposure? 

• Yes 

• No 

• I do not know 

38) In case of breastfeeding, has your facility granted suitability for radio exposure? 

• Yes 

• No 

• I do not know 

 

SECTION V. JOB’S DISCRIMINATIONS (Q39-46). 

39) Do you believe you have ever suffered discrimination in the workplace? 

• Yes 

• No 

• I do not know 

 

40) Do you feel that you have ever been discriminated against in future personal choices during the training / 

work experience? 

• Yes 

• No 

• I do not know 

 

41) Have you ever felt that you were subjected to any harassment in the workplace? 

• Yes, during the training period 

• Yes, during work activities 

• No 

 

42) Have you ever felt you were subjected to verbal harassment by chief or colleagues? 

• Yes, during the training period 

• Yes, during work activities 

• No 

43) Have you ever felt you were subjected to physical harassment? 

• Yes, during the training period 

• Yes, during work activities 



•No 

44) In case you have suffered verbal and / or physical harassment, these have taken place by: 

• your manager 

• your parigrade 

•other 

 

45) Do you believe that being a woman could be a discriminating factor for career purposes? 

•No 

• Yes, being a woman creates more difficulty in career advancement 

• Yes, being a woman creates less difficulty in career advancement 

 

46) Do you believe that being a woman can be discriminatory for the purposes of work compensation? 

• No 

• Yes 

• I do not know 


