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Abstract

Purpose The aim was to characterize the framework conditions in academic interventional radiology (IR) in Germany
with focus on differences between genders.

Materials and methods After IRB approval, all members of The German Society for Interventional Radiology
and Minimally Invasive Therapy (n=1,632) were invited to an online survey on work and research. Statistical compari-
sons were undertaken with the Fisher's exact test, Wilcoxon rank sum test or Pearson’s Chi-squared test.

Results From 267 available questionnaires (general response rate 16.4%), 200 were fully completed. 40% of these
(78/200) were involved in research (71% men vs. 29% women, p < 0.01) and eligible for further analysis. Of these, 6%
worked part-time (2% vs. 17%, p <0.05). 90% of the respondents spent less than 25% of their research during their
paid working hours, and 41% performed more than 75% of their research during. leisure time. 28% received exemp-
tion for research. 88% were (rather) satisfied with their career. One in two participants successfully applied for funding,
with higher success rates among male applicants (90% vs. 75%) and respondents with protected research time (93%
vs. 80%). Compared to men, women rated their entrance in research as harder (p < 0.05), their research career as more
important (p <0.05), felt less noticed at congresses (93% vs. 53%, p <0.01), less confident (98% vs. 71%, p < 0.01),

and not well connected (77% vs. 36%, p < 0.01).

Conclusion Women and men did research under the same circumstances; however, women were underrepresented.
Future programs should generally focus on protected research time and gather female mentors to advance academic
IR in Germany.
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Background
Interventional radiology (IR) is an integral part of mod-
ern health care provision [1, 2]. While in Europe and
North America half or even more of the students are
women, IR has the largest disparity of any radiologi-
cal subspecialty [3, 4], and some countries even report
a shortage of interventional radiologists [5]. In 1998, the
gender ratio among German medical students was bal-
anced. In the meantime, the proportion of women has
risen to 64% [6]. Considering the relatively high propor-
tion of women in other specialties such as gynecology,
child and adolescent psychiatry, dermatology, and pedi-
atrics, there is concern that the additional female gradu-
ates in Germany will choose not to become radiologists
or IR physicians [7]. Given the continual advancement
of innovative techniques and expanding indications in
IR, it should be of great interest to encourage and fos-
ter interest in IR research in the future and to facilitate
the participation of women in pursuing research careers
within this captivating and diverse field. Unlike the US
system, e.g., interventional and diagnostic radiology are
not sharply separated in training. There is no separate
training pathway for IR, as IR is not a subspecialization.
Another difference to the US is that there is generally no
distinction between purely clinical and purely academic
fellowships. Research activities are centered around uni-
versity hospitals. Research is carried out alongside clini-
cal work unless the researcher has (protected) research
time. This depends either on the exemption granted by
the chief physician or on the raising of funds that will
finance the exemption. Two-thirds of the institutions
offer a dedicated IR rotation, which usually occurs at the
end of the professional training and lasts only six months
[8]. Many young physicians try to utilize IR research as
an early entrance into clinical IR, giving IR mentors a
special responsibility for promoting young talents.
Academic IR is a vital requirement to further advance
our diagnostic and therapeutic skills in patient care. In a
recent statement paper, specific recommendations were
provided on how to establish a culture of excellence in
IR, with a particular emphasis on promoting academic
engagement [9]. Despite the positive aspects, academic
work generally encounters barriers such as competition
for grants, long or unpaid working hours, administra-
tive tasks, and full teaching schedules but also lack of
role models/ effective mentoring and guidance as well
as conflicts with family responsibilities [10]. All over the
world, fewer female residents are involved in academic
activities [11]. Consequently, women are still underrep-
resented in academic IR [12]. This underrepresentation
manifests in the small number of female first and last
authorships in IR compared to other radiological subspe-
cialties [13]. According to a study of Bernard et al., the
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rate of female first and last authors in IR had a significant
smaller increase than publications in other subspecial-
ties. Remarkably, Germany, despite its high output of
articles about IR even ranked among the countries with
the lowest proportion of female first and last authorships
in Europe [13]. While female IR researchers from other
countries have been catching up in the last decades,
no corresponding trend was recorded for German IR
researchers [14, 15].

The aim of this study was to characterize the overall
barriers and opportunities for academic IR in Germany
with a special focus on how this adversely affects women.

Materials and methods

Approval from the local ethics committee was obtained.
Between November 2021 and February 2022, all mem-
bers (1,632, 86% men [16]) of The German Society for
Interventional Radiology and Minimally Invasive Ther-
apy (DeGIR) were invited to participate in an anonymous
and voluntary online survey on the situation of interven-
tional radiologists, particularly those engaged in research
activities. The academic subset of the survey specifically
targeted networking, funding, working hours and time
spent on research (Supplement 1). Demographical data
was obtained from the main survey. Statistical analyses
were performed with RStudio (2021.09.0). Descriptive
statistics with respective percentages were used. For nor-
mally distributed data, standard deviations were given.
For non-normally distributed data, median with inter-
quartile range was displayed. To test for significant dif-
ferences, Fisher’s exact test, Wilcoxon rank sum test or
Pearson’s Chi-squared test were used. A p-value<0.05
was considered statistically significant. To comply with
data privacy protection and to obtain valid statistical
results, very small groups were either aggregated (num-
ber of children) or omitted (gender identity) for analytic
statistics.

Results

Overall, 267 colleagues responded, with 200 fully evalu-
able questionnaires (gross response rate 16.4%). Of the
200 respondents (net response rate 12.2%), 121 (60.5%)
indicated that they were men, 76 (38%) women, and
3 (1.5%) non-binary. This resulted in gender-specific
response rates of 8.6% for men and 33.3% for women. Of
the respondents who did not participate in IR research,
59 (52.7%) were men, 52 (46.4%) were women, and 1
(0.9%) was non-binary. Eighty respondents (40%) stated
they participated in IR research and provided com-
pleted questionnaires. Of these, 23 respondents (28.7%)
were women, and 2 (2.5%) were non-binary. Because
of the underrepresentation of non-binary researchers
and the obligation of data privacy, 78 questionnaires of
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researching women and men were included for further
statistical analyses resulting in 39% of all respondents
(78/200).

Demographics

Demographic data are displayed in Table 1. Overall, two
thirds of all respondents were younger than 46 years. A
majority of the female academic interventional radiolo-
gists fell within this age group, whereas one third of the
men were older than 45, leading to a significant heteroge-
neity among the groups (p=0.017).

Overall, 28% of this collective were chief physicians
(22/78) and 46% were senior physicians (36/78). Of the
chief physicians 18% were women and of the senior phy-
sicians 22% were women. Furthermore, the proportion of
women holding the position of chief physician, i.e. chief
of general and interventional radiology, was only half as
large compared to the men and more female residents
and specialists had taken part in the survey (p=0.034).

Table 1 Demographics of the respondents
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Regarding hospital type and number of beds, no differ-
ences in the distribution of men and women was found.
Overall, most of the respondents worked full-time. Men
were more often the main provider in the family and
almost exclusively worked full-time (p=0.005). The
women working part-time belonged to the age group
between 31 and 45 years.

Research and working conditions

Table 2 gives detailed insights in the answers about
research and working conditions. 40% of the respond-
ents conducted research in IR. Although there were no
significant differences in the gender of chief physicians
and supervisors between men and women, women more
often had women as research group leaders compared
to men, and they more often indicated to have female
IR colleagues in their department. Both genders did the
majority of their scientific activities after paid work-
ing hours, while only a small proportion had time for
research during paid working hours. Research leave was

Overall, N=78" women, N=23" men, N=55" p-value
age 0.017?
<30 5 (6.4%) 3 (13%) 2 (3.6%)
31-45 44 (56%) 17 (74%) 27 (49%)
46-60 23 (29%) 3(13%) 20 (36%)
>60 6 (7.7%) 0 (0%) 6 (11%)
level of education 0.034%
resident 12 (15%) 6 (26%) 6 (11%)
specialist 8 (10%) 5(22%) 3(5.5%)
senior physician 36 (46%) 8 (35%) 28 (51%)
chief physician 22 (28%) 4 (17%) 18 (33%)
hospital type 0.2?
other hospital 2 (2.6%) 0 (0%) 2 (3.6%)
teaching hospital 54 (69%) 19 (83%) 35 (64%)
university hospital 22 (28%) 4 (17%) 18 (33%)
number of beds 0.9°
50-199 1(1.3%) 0 (0%) 1(1.8%)
200-399 1(1.3%) 0 (0%) 1(1.8%)
400-799 20 (26%) 5(22%) 15 (27%)
>800 56 (72%) 18 (78%) 38 (69%)
income 0.005°
equal 17 (22%) 6 (26%) 11 (20%)
main provider 57 (73%) 13 (57%) 44 (80%)
side provider 4 (5.1%) 4 (17%) 0 (0%)
employment status 0.025°
full-time 73 (94%) 19 (83%) 54 (98%)
part-time 5 (6.4%) 4 (17%) 1(1.8%)
"n (%)

2 Fisher's exact test
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Table 2 Summary of the questions about research and working conditions

Overall, N=78" women,N=23" men, N=55' p-value
What is the gender of your chief physician? 0.52
women 10 (13%) 4(17%) 6 (11%)
man 68 (87%) 19 (83%) 49 (89%)
What is the gender of your supervisor? 0.7
woman 13 (17%) 3(13%) 10 (18%)
man 65 (83%) 20 (87%) 45 (82%)
What is the gender of your research group leader? 0.010°
non-binary 2 (2.6%) 0 (0%) 2 (3.6%)
woman 10 (13%) 7 (30%) 3(5.5%)
man 66 (85%) 16 (70%) 50 (91%)
What is the number of your colleagues? 28 (15, 45) 36 (24, 45) 23 (14, 46) 023
How many interventional radiologists work at your department? 6.0 (5.0,9.0) 6.0 (4.5,10.0) 6.0 (5.0, 8.0) >09°
How many female interventional radiologists work at your department? 1.00 (1.00, 3.00) 3.00 (1.00, 4.00) 1.00 (1.00, 2.00) 0.0033
How much of your paid working time do you spend with interventions? 047
<25% 20 (26%) 9 (39%) 11 (20%)
25-50% 27 (35%) 7 (30%) 20 (36%)
51-75% 20 (26%) 4(17%) 16 (29%)
>75% 11 (14%) 3(13%) 8 (15%)
Do you get time to do research? (yes, %) 22 (28%) 7 (30%) 15 (27%) >09%
How much of your research do you perform during paid working hours? 042
<25% 70 (90%) 20 (87%) 50(91%)
25-50% 7 (9.0%) 2(8.7%) 5(9.1%)
51-75% 1(1.3%) 1(4.3%) 0 (0%)
How much research time do you spend in your free time? 0.7°
<25% 19 (24%) 5(22%) 14 (25%)
25-50% 18 (23%) 4 (17%) 14 (25%)
51-75% 9 (12%) 4(17%) 5(9.1%)
>75% 32 (41%) 10 (43%) 22 (40%)

"n (%); Median (IQR)
2 Fisher's exact test
3 Wilcoxon rank sum test

4 Pearson’s Chi-squared test

possible for both genders. Respondents with female chief
physicians had a significantly higher likelihood of receiv-
ing protected research time (Fig. 1A, p=0.026). Signifi-
cantly more colleagues had applied for grants when they
had protected research time (Fig. 1B, p=0.004). More
respondents with protected research time than those
without protected research time were successful with
their application for a grant, however not statistically sig-
nificant (Fig. 1C, p=0.4). They spent the same amount of
time with clinical interventions as respondents, who did
not have protected research time (Fig. 1D, p=0.6). The
ratio of full- and part-time working respondents was
equally distributed between respondents without and
with protected research time (Fig. 1E, p>0.9). Addition-
ally, more research was conducted after regular work-
ing hours among those participants who did not have
access to protected research time (Fig. 1F, p<0.001).

Respondents who had protected research time obviously
worked in institutions with a higher number of radiolo-
gists, and by a higher rate of female assistant professors,
respectively (Fig. 1G, p=0.006; Fig. 11, p<0.001). A large
stake of all the supervisors and chief radiologists were
men. Women reported more often to have a woman
as research group leader than men (Table 2, p=0.01).
Although not significant, female interventional radiolo-
gists were surrounded by more assistant professors and a
larger number of IR colleagues.

Children and family friendly environment

Two thirds of the men have children, which is double the
amount of the women (Table 3). Regarding age groups,
65% of the respondents with children were between 31
and 45 years old and 33% were between 46 and 60 years.
Among the respondents who had children, 4.7% were
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Fig. 1 Bar graph and boxplots summarizing the questions about protected research time. (A) Gender of chief physician and rate of respondents
who are given protected research time. (B) Protected research time and rate of respondents who applied for grants. (C) Protected research time
and rate of respondents who received grants. (D) Protected research time and rate of clinical interventions as percentage of total working time

as indicated by the respondents. (E) Protected research time and employment status of the respondents. (F) Protected research time and rate

of research done at work as percentage of total working time as indicated by the respondents. Lower row with boxplots demonstrating protected
research time given on the x-axes and number of colleagues as indicated by the respondents in the survey. F) Number of colleagues and protected
research time. (G) Total numbers of female IR colleagues and protected research time. (H) Number of female assistant professors and protected
research time. Statistical significance markers: NS.- not significant; * p <0.05; ** p<0.01; *** p<0.001

residents, 9.3% were specialists, 58% were senior physi-
cians and 28% were chief physicians. Women indicated
an 8.6-fold more often that they were primarily respon-
sible for the children. 12% of the respondents with chil-
dren worked part-time (4 women and 1 man), but no one
without children did. Although most respondents indi-
cated working in a family friendly environment, includ-
ing the possibility for parental leave and daycare, 84%
of all respondents agreed that it is harder for women
to manage children and career. When asked about the
barriers, the most frequent topics were traditional role
models with women facing more family obligations and
more downtime, e.g. because of sick-leave for a child
(Supplement 2).

IR Career
All answers on the subset concerning IR career are
displayed in Table 4. Both genders saw only limited

changes regarding the role of women in IR in recent
decades. According to all respondents, academic IR
did not help to enter clinical IR. Only a small num-
ber of them had started with IR research to be able
to enter clinical IR. Both genders were equally con-
tent with their career. Women and men were partially
satisfied or less satisfied with the representation of
women in IR and did not see differences in the rep-
resentation over the last decades. Women considered
their academic IR career more important than men
(p=0.044), while both, men and women rated the
importance of their clinical work very high (Fig. 2A-
B). Compared to men, women rated the entry into
clinical IR as more difficult (p =0.035). Both genders
rated the start into IR research as challenging com-
pared to clinical IR (Fig. 2C-D). Overall, the coop-
eration with other colleagues was rated as good.
However, the female interventional radiologists
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Table 3 Summary of the questions about children and family friendly environment

Overall, N=78" women, N=23" men, N=55" p-value
family status 0.056%
partnership 68 (87%) 17 (74%) 51 (93%)
single 10 (13%) 6 (26%) 4(7.3%)
Do you have children? (yes, %) 43 (55%) 8 (35%) 35 (64%) 0.0373
number of children 04°
1 12 (28%) 4 (50%) 8(23%)
2 20 (47%) 4 (50%) 16 (46%)
3 8 (19%) 0 (0%) 8(23%)
4 or more 3 (7%) 0 (0%) 3 (8.6%)
Who is responsible for the children? 0.003?
equal 14 (33%) 5 (62%) 9 (26%)
no 26 (60%) 1(12%) 25 (71%)
yes 3(7.0%) 2 (25%) 1(2.9%)
Do you have the possibility for daycare? (yes, %) 30 (70%) 6 (75%) 24 (69%) >0.9?
Are you a single parent? (yes, %) 2 (4.7%) 0 (0%) 2(5.7%) >09?
For women it is harder to manage children and career. 06°
consent 37 (61%) 14 (74%) 23 (55%)
rather consent 8 (13%) 2 (11%) 6 (14%)
partial consent 6 (9.8%) 2(11%) 4 (9.5%)
less consent 5(8.2%) 1(5.3%) 4(9.5%)
no consent 5(8.2%) 0 (0%) 5(12%)
Do you work in a family-friendly environment? (yes, %) 49 (78%) 15 (71%) 34 (81%) 0.5
Do you have the possibility for parental leave? (yes, %) 25 (32%) 8 (35%) 17 (31%) >09°

"n (%)
2 Fisher’s exact test

3 pearson’s Chi-squared test

reported lower ratings about the cooperation with
men compared to the male interventional radiologists
(»p=0.011) (Fig. 2E-F). When asked about the barri-
ers to enter academic IR, the most respondents men-
tioned lack of (protected research) time and missing
research infrastructure (Supplement 3).

Funding, support and cooperation

All answers about funding and support are summa-
rized in Fig. 3. Half of the respondents had applied for
grants and the majority had received grants (Fig. 3A-B).
Amongst the applicants for grants and funding, 34%
were women. Three fourths of both, men and women
applied on their own initiative (Fig. 3C). One woman
had received a grant especially for women. Three
fourths of both, men and women indicated to be first or
last author on papers about their own research topics
(Fig. 3D). Women felt a 10-fold more often disadvan-
taged by their gender and men mostly felt disaffected
(Fig. 3E, p<0.001) in regard to their academic career.

No difference in the support of women was found
between men and women (Fig. 3F).

Congress and committees

Corresponding to the respondents, men dominate the
national IR community. Overall, a large part of the
respondents felt content and perceived at congresses.
Table 4 demonstrates all comparisons for the situa-
tion at congresses and in committees. Comparable pro-
portions of men and women reported that they were
actively networking in the professional society, and that
they held positions in committees. However, women
felt less noticed at conferences, less confident, and less
connected.

Discussion

This study presents a status quo of academic IR in Ger-
many. Key findings include the observations that aca-
demic IR benefited from protected research time.
Protected research time correlated with grant funding.
More female chief physicians granted protected research
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Table 4 Summary of the questions about IR career, congress and committees

Overall, N=78" women, N=23' men, N=55" p-value
Was IR your initial aim? (yes, %) 42 (62%) 17 (74%) 25 (56%) 0.2?
Did you start research in IR to get access to clinical IR? (yes, %) 13 (19%) 7 (30%) 6 (13%) 0113
Did IR research help to access clinical IR? (yes, %) 7 (54%) 3 (43%) 4 (67%) 06>
How satisfied are you with your career so far? 0.10°
satisfied 35 (56%) 8 (38%) 27 (66%)
rather satisfied 20 (32%) 9 (43%) 11 (27%)
partially satsified 6 (9.7%) 3 (14%) 3(7.3%)
less satisfied 1(1.6%) 1(4.8%) 0 (0%)
Have you noticed any differences in the representation of women 02}
in IR in the last decades?
no difference 19 (35%) 4 (25%) 15 (39%)
to the negative 3 (5.6%) 2 (12%) 1(2.6%)
to the positive 32 (59%) 10 (62%) 22 (58%)
Are you satisfied with the representation of women in IR? 02°
satisfied 4 (6.5%) 0 (0%) 4 (9.8%)
rather satisfied 9 (15%) 1 (4.8%) 8 (20%)
partially satsified 22 (35%) 8 (38%) 14 (34%)
less satisfied 15 (24%) 6 (29%) 9 (22%)
not satisfied 12 (19%) 6 (29%) 6 (15%)
What is the dominating gender in IR? >09°
equally distributed 1(1.4%) 0 (0%) 1(2.2%)
men 68 (99%) 23 (100%) 45 (98%)
Do you hold a position in committees? (yes, %) 38 (49%) 11 (48%) 27 (49%) >0.9?
Do you feel perceived at congresses? (yes, %) 49 (80%) 10 (53%) 39 (93%) <0.0013
Do you feel content at congresses? (yes, %) 58 (89%) 15 (71%) 43 (98%) 0.004°
Do you feel connected at congresses? (yes, %) 42 (64%) 8 (36%) 34 (77%) 0.002°
Do you actively network? (yes, %) 45 (69%) 12 (60%) 33 (73%) 042

"n (%)
2 pearson’s Chi-squared test
3 Fisher's exact test

time. Fewer female faculty felt recognized at professional
meetings.

Most of the IR researchers in our survey were younger
than 46, especially the women were younger. These find-
ings correspond with a review of gender demographic
data of the Society of Interventional Radiology (SIR)
showing that a doubling of female members was espe-
cially driven by trainee members [17].

Considering the low absolute numbers of the women
there are only a few female senior researchers in IR. The
higher mean age of men can be explained by the high
rate of senior and chief physicians who took part at the
survey. At the same time, it must be interpreted as low
level of interest of younger men in getting surveyed. Of
note, we observed a high response rate of women, with
one third of the women compared to less than 10% men,
implying a great interest of women in the survey’s topic.
Compared to a survey among young interventional
radiologists in Germany, the percentage of full-time

employment was higher in our study (88% vs. 94%) [8],
especially among men.

This survey documents comparable numbers of female
chief physicians to previous studies [18]. 15% of the Ger-
man university hospital chief physicians in radiology and
30% of the senior physicians in general are women [19].
This collective had less senior physicians, suggesting an
overall gap in leading roles and missing role models in
Germany.

A recent survey from the SIR focusing on mentoring
in IR, reported that mentors gave significantly less guid-
ance and direction to female medical students and resi-
dents in the field of IR education and finding a research
mentor was a challenge for female residents [20]. Matsu-
moto et al. also found that female students often did not
have a mentor of their gender [21]. These findings cor-
respond with our observation that women had significant
greater difficulties to enter clinical IR while the entry to
IR research was rated equally. Especially in a scientific
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structure where IR research and direct patient care are
closely linked, as it is in Germany, mentorship is of par-
amount importance. Data from this survey further sug-
gest that women obviously try to enter IR via research
activities. In a large survey, Goldman et al. found that
compared to diagnostic radiology, the influence of a men-
tor had a significant positive impact on the decision to
pursue a career in IR whereas the competitiveness had a
negative impact [22]. Similar results were found by Xiang
et al. in a large survey among IR trainees [23]. Thus, it is
vital to set the fundaments for young researchers very
early by providing mentorship, for example, through
funding and mentorship programs.

According to this survey, female chief physicians
provide the opportunity for protected research time
significantly more often, resulting in an even higher per-
centage of respondents with protected research time
than published in a current international survey among
radiology trainees (60% vs. 38%) [24]. The issue of pro-
tected research time is of special interest in Germany,
were no differentiation between clinical fellowship and
research fellowship is made. Interventional radiologists
who want to do research have to face up to both, clinical
and research tasks, at one time. In other recent surveys
among radiology trainees, the authors found that lack of
time was a relevant barrier to research [11, 25]. Although
our sample is small and only represents German faculty,
we conclude that female chief physicians already rec-
ognized the importance of protected research time and
are providing their employees with dedicated time for
research activities. Of note, the success of this meas-
ure is evident in the survey results, as respondents who
reported having access to such dedicated time demon-
strated significantly higher rates of grant applications and
more successful grant applications. Additionally, espe-
cially large institutions, i.e. university hospitals with their
scientific focus, were able to realize protected research
time. Many young medical graduates chose university
hospitals to pursue a research career. Therefore, those
large institutions play a key role when it comes to shaping
a strong and diverse academic faculty in Germany. Future
specific measures such as attracting more women to IR
in general, protected research days for IR researchers and
specific financial resources for IR research should pursue
this goal giving possibility to foster more research activi-
ties and more leading female IR researchers.

In 2020, only 12% of the IR residency program direc-
tors in the United States were women [26]. This rate is
lower than in general radiology, which nearly equals the
average percentage of female program directors over all
specialties with a bit over 25% [27]. Consequently, female
program directors who serve as visible role models are
missing in IR. This is of special importance as Long et al.
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showed a significant correlation of the percentage of
female program directors with the percentage of female
residents [27]. Work/ home balance and networking
were rarely part of mentorship activities [20]. These top-
ics could be fostered by female program directors hav-
ing experienced similar barriers during their career. In
keeping to previous findings, our respondents indicated
that it is harder for women to manage family and work
[18]. Taken together with the small number of role mod-
els, one of the future tasks for academic IR is to estab-
lish supportive networks and mechanisms of substantial
support such as guidance for first and last authorships,
invitations as speakers for podium and plenary sessions
— not to fulfill a women’s quota but because of expertise
— no, introduction into existing networks, and research
time, especially for women. Recent data from the SIR
shows that despite same professional qualification senior
men dominated annual meetings [28]. It would be worth-
while to track demographic data of German authorships
and congresses as well to objectify if there are similar
patterns. This would be a strong commitment of lead-
ing interventional radiologists on gender equity in IR.
Notably, this commitment is needed in the light of the
German paradoxon with a large output in important IR
journal articles but the lowest rate of women authorships
in Europe [13]. Particularly for IR physicians with chil-
dren special funding for childcare or childcare workers as
well as more possibilities to work part-time is important
to address the private challenges of managing both, pri-
vate responsibilities and career.

According to our survey, three fourths of the women
had the intention to pursue a career in IR from early on
and more of them engaged in IR research with the aim
of entering clinical IR. But, although not reaching signifi-
cance, for more women IR research did not lead to a start
in clinical IR. Hence, our data indicate that clinical IR
might be a door opener for research activities in IR. All
respondents rated their clinical career as very important.
Differences, however, were found in the rating of the aca-
demic career. Knowing that this survey collected a sub-
jective feeling and not a quantifiable value it seems that
women put high pressure on themselves. There should be
no demand that all women in IR enter leadership. Voytko
et al. conducted a longitudinal survey on participants of
a mentoring program and reported a high relevance of
mentors to determine career goals, provide constructive
feedback, give personal support and being a role model.
According to their data, all mentees benefited from the
relationship to the mentor [29]. Inadequate mentor-
ship was one of the most important factors that limiting
research time in a large Canadian survey among residents
in general radiology [25]. Interestingly, the differences in
the ratings to enter clinical career might also explain the
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high importance of academic career as it was harder for
the respondents to enter IR at the very beginning, namely
clinical IR. As mentioned above, the ratings only repre-
sent subjective feelings and it is unclear whether the rat-
ings reflect the real circumstances.

When it comes to collaboration, strong networks are
the key to success. Like other studies, our respondents
unanimously confirmed that the dominating gender in
IR is male [18]. At the same time women rated the coop-
eration with their male colleagues as more difficult. A
retrospective long-term analysis about gender trends
in radiology authorship reported a significant tendency
of physicians to publish with physicians of the same
gender [30]. This is an obstacle in the career of female
IR researchers. Previous publications on collaboration
metrics among researchers showed an association of
female first or last authorships with more contributing
departments and institutions implicating that distinc-
tive network take shape in those publications [31]. Taken
together with a positive trend of women authorships in
the last decade [32], this particular feature could serve as
a chance in IR research. All our respondents supported
women bearing high potential to support each other and
perhaps ensure more diversity. Our female respondents
were surrounded by significantly more female interven-
tional radiologists, which might demonstrate focal mani-
festations of female networks.

Although not reaching significance, men were 16%
more successful with their applications for grants than
women. This finding stands in contrast to the applica-
tion rates that are equal between both genders, and is a
known phenomenon in science. Wittman et al. analyzed
the success of a large number of applications in all inves-
tigator-initiated grant programs of the Canadian Insti-
tutes of Health Research over a five-year period. They
found that success rates for female applicants in the foun-
dation program that focused on the scientist were signifi-
cantly lower than those for male applicants. At the same
time, evaluations that focused on the proposed science
did not yield different success rates for men and women.
These data suggest a gender gap in evaluations, particu-
larly for female applicants, regardless of the quality of
their proposal [33]. Similar results have been reported
in large studies in the Netherlands and the USA [34, 35].
Corresponding studies in the field of IR do not currently
exist. Therefore, it is unclear whether the differences in
success of the proposals in IR are due to gender bias or
different quality of applications. Further research should
address the issue of gender-specific success rates to eval-
uate the assessment procedures for funding and grants in
IR in Germany.

Women felt less noticed and less connected at con-
gresses. Women felt 10 times more disadvantaged by their
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gender. Compared to data from a large world-wide survey
about research activities in radiology among residents this
is double the amount, suggesting a special gender-specific
barrier in IR. At the same time, half as many men saw
themselves disadvantaged by their gender in our survey
[11]. Equity in IR research encompasses the same possibili-
ties to participate in research programs, to receive fund-
ing, and to have grant applications scored without bias.
Important is the commitment of senior leaders in German
IR to implement these fundamental changes. This survey is
a first step towards cultural changes in IR research in Ger-
many. This change is complemented by a slowly growing
number of female DEGIR members (2021:14%, 2023:17%).

This study has some limitations. This was a voluntary,
not validated survey resulting in a possible response bias.
Unfortunately, the few non-binary respondents had to be
excluded from analytic statistics due to privacy reasons.
It would be interesting, and it is important, to explore
their situation more in depth. The cohort size was 78
respondents who were involved in IR research and not all
questions were obligatory. Hence, some questions were
only answered by a small group of respondents. Thus,
we interpret the results with caution. Additionally, the
high response rate of women having more imponder-
abilities might skew the data towards a more distressed
view and not reflect the real status of women or young
interventional radiologists. Still, the cohort seems to be
representative when comparing the demographics with
existing studies in IR and bearing the high absolute num-
ber of responses by men and the high response rate of
women in mind. Further studies with more participants
are needed for closer studies on subgroups to find out if
differences attributed to gender might also be attribut-
able to age or family status.

Conclusion

In conclusion, women and men did research under the
same circumstances in terms of family-friendliness of
their institutions and investment of time during unpaid
working hours in research. However, women were under-
represented in IR research. Protected research time was
granted by more women. Especially protected research
time without additional obligations in the clinical routine
should be a focus of future mentoring programs as it is
correlated with grant funding. Currently many women
in IR research are younger and not in leading positions.
Female mentors are needed to further advance academic
IR in Germany.
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