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A b s t r a c t

Introduction: A recent study suggested that sex discordance between surgeons and patients negatively affects the outcomes of 
patients undergoing common surgical procedures. 

Aim: We sought to assess whether such an impact exists for periprocedural outcomes of percutaneous coronary intervention (PCI).
Material and methods: From 2014 to 2020, data on 581,744 patients undergoing single-stage coronary angiography and PCI 

from 154 centers were collected. Patients were divided into four groups based on the patient and operator sex. Operator-patient sex 
discordance was defined as the procedure done by a male operator on a female patient or by a female operator on a male patient.

Results: Of 581,744 patients treated by 34 female and 782 male operators, 194,691 patients were sex discordant with their op-
erator (female operator with male patient 12,479; male operator with female patient 182,212) while 387,053 were sex concordant 
(female operator with female patient 6,068; male operator with male patient 380,985). Among female patients, no difference in the 
risk of periprocedural complications, including death (0.65% vs. 0.82%; p = 0.10), between patients discordant versus concordant 
with operators was observed. Among male patients the risk of death (0.55% vs. 0.43%; p = 0.037) and bleeding at the puncture site 
(0.13% vs. 0.08%; p = 0.046) was higher in patients discordant with operators. However, the differences were no longer significant 
after adjustment for covariates.

Conclusions: No detrimental effect of operator-patient sex discordance on periprocedural outcomes was confirmed in all-comer 
patients undergoing PCI. Some of the observed differences in outcomes were primarily related to the differences in baseline risk profile.

Key words: sex, gender, doctor-patient interaction, patient-physician relationship, complications.

S u m m a r y

Operator-patient sex discordance may impact the outcomes of surgical procedures; however, no such impact was con-
firmed for percutaneous coronary interventions in our study. Women were underrepresented as interventional cardiologists. 
Efforts are needed to provide women with equitable opportunities.

Introduction
Cardiovascular disease is a  leading cause of morbid-

ity and mortality in women and men, although there are 
substantial gender disparities in presentation and out-

come [1–3]. Importantly, female gender is associated with 
worse results of percutaneous coronary intervention (PCI) 
performed in different clinical scenarios [2], from stable 
angina [4], through acute coronary syndromes [5–8], to 
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cardiogenic shock [9]. These may be related to more ad-
vanced age and higher prevalence of comorbidities at pre-
sentation in women as compared to men [1]. In addition, 
some differences in the vascular ageing process [10] and 
atherosclerotic plaque composition [3] between women 
and men were confirmed. On the other hand, women are 
more likely than men to be subject to health disparities 
[1]. These disparities may arise from sociocultural and so-
cioeconomic factors and may result in less optimal cardio-
vascular disease care. For instance, one aspect of this is-
sue is the presence of sex or gender discordance between 
patients and physicians, especially among male physicians 
and female patients [1]. Such discordance was associated 
with increased mortality among female patients treated 
by male physicians after acute myocardial infarction (AMI) 
[11]. In contrast, no excess in mortality was observed for 
male patients treated by female physicians. Interestingly, 
a  recent study suggested that sex discordance between 
surgeons and patients negatively affects outcomes of 
patients undergoing common surgical procedures [12]. 
Whether such a relationship exists for patients undergo-
ing less invasive procedures is less well established. 

Aim
We sought to assess the impact of operator-patient 

sex discordance on periprocedural outcomes of PCI using 
data from the Polish National Registry of PCI (ORPKI).

Material and methods
The ORPKI is a  national registry conducted by the 

Jagiellonian University Medical College in Krakow collect-
ing data on all percutaneous procedures in interventional 
cardiology performed in Poland [13–16]. Data were col-
lected from January 2014 to December 2020 in 154 in-
vasive cardiology centers. Data on 581,744 consecutive 
patients undergoing single-stage coronary angiography 
and PCI were retrieved from the database for this anal-
ysis. Patients were divided into four groups based on 
the patient and operator sex. Operator-patient sex dis-
cordance was defined as the procedure done by a male 
operator in a female patient or by a female operator in 
a male patient. All angiographies and PCIs were carried 
out according to contemporary medical standards. The 
decision on concomitant pharmacotherapy and proce-
dural technique was the operator’s choice. The primary 
endpoint was all-cause periprocedural (in the catheter-
ization laboratory) mortality. In addition, data on other 
periprocedural complications, including stroke, cardiac 
arrest, coronary artery perforation, no-reflow, allergic re-
action, and puncture site bleeding, were collected. The 
assessment of complications and grading of epicardial 
flow with Thrombolysis in Myocardial Infarction (TIMI) 
scale before and after PCI were based on the operator’s 
judgment. Also, occurrence of bleeding was self-reported 
by the operators, particularly in the case of any overt, 

actionable sign of puncture sign bleeding. The mean 
number of PCIs performed per site and operator was the 
mean for a seven-year study period.

Statistical analysis
Continuous variables are presented as means with 

standard deviations and were compared across groups 
using Student’s t test. Categorical variables were com-
pared with Pearson’s c2 or Fisher’s exact test if 20% of 
cells had an expected count of less than 5 (Monte Carlo 
simulation for Fisher’s test using tables of higher dimen-
sions than 2x2). Multivariable models were constructed 
with adjustment for all clinically important and mean-
ingful baseline and procedural characteristics. Peripro-
cedural outcomes associated with the presence versus 
absence of operator-patient discordance by patient sex 
are presented as odds ratios (OR) with two-sided 95% 
confidence intervals (CI). P-values < 0.05 were assumed 
to indicate statistical significance. Statistical analysis 
was performed in STATA 17.0 (StataCorp LLC, 2021).

Results
Between 2014 and 2020, data on 581,744 patients 

undergoing single-stage coronary angiography and PCI 
were collected in the ORPKI Registry. During the study pe-
riod, procedures were carried out by 34 female and 782 
male operators. Of 581,744 patients, 194,691 patients 
were sex discordant with their operator (12,479 female 
operator with male patient and 182,212 male operator 
with female patient) while 387,053 were sex concordant 
(female operator with female patient 6,068; male opera-
tor with male patient 380,985). Study groups differed in 
most baseline characteristics (Table I) as well as proce-
dural details and pharmacotherapy (Table II).

Among female patients no difference in the risk of the 
composite of periprocedural complications between pa-
tients discordant versus concordant with operators was 
noted (2.70% vs. 3.02%; p = 0.14). In addition, there were 
no differences in the individual components of peripro-
cedural outcomes (Figure 1 A, Table III). Similarly, among 
male patients no difference in the risk of the composite 
of periprocedural complications (1.92% vs. 1.87%; p = 
0.69) between discordant and concordant patients was 
observed. The risk of death (0.55% vs. 0.43%; p = 0.037) 
and bleeding at the puncture site (0.13% vs. 0.08%;  
p = 0.046) was higher in male patients discordant versus 
concordant with operators (Figure 1 B). Conversely, the 
latter were at lower risk of allergic reactions (0.02% vs. 
0.08%; p = 0.022). However, all the differences in out-
comes between male patients discordant versus con-
cordant with operators were no longer significant after 
adjustment for covariates, except for allergic reactions, 
which were fewer in male patients discordant versus 
concordant with the operator (Table III).
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Table I. Baseline characteristics

Variable Male patient P-value Female patient P-value

Male operator
(n = 380,985)

Female operator
(n = 12,479)

Female operator 
(n = 6,068)

Male operator
(n = 182,212)

Age [years] 65.42 ±10.65 64.83 ±10.52 < 0.001 70.04 ±10.45 70.73 ±10.47 < 0.001

Arterial hypertension 68.52% 67.52% 0.018 72.68% 73.92% 0.030

Diabetes mellitus 21.55% 21.49% 0.89 28.53% 28.88% 0.55

Current smoker 24.27% 29.13% < 0.001 18.44% 14.80% < 0.001

Chronic kidney disease 5.10% 4.56% 0.007 5.97% 6.58% 0.06

Previous stroke 3.23% 3.24% 0.98 3.10% 3.56% 0.06

Previous MI 28.70% 29.15% 0.27 22.84% 23.30% 0.41

Previous PCI 33.75% 33.50% 0.55 27.37% 28.36% 0.09

Previous CABG 6.83% 5.22% < 0.001 3.56% 4.57% < 0.001

COPD 2.56% 2.84% 0.048 2.34% 2.08% 0.17

Killip class IV on admission 1.69% 1.45% 0.06 1.63% 1.91% 0.15

STEMI 23.81% 25.97% < 0.001 26.59% 23.48% < 0.001

Cardiac arrest 1.70% 1.63% 0.56 1.55% 1.44% 0.48

Operator volume total 1197.95 ±693.38 922.44 ±564.06 < 0.001 914.54 ±562.55 1184.75 ±670.94 < 0.001

Operator volume annual 171.14 ±99.05 131.78 ±80.58 < 0.001 130.65 ±80.36 169.25 ±95.85 < 0.001

Site volume total 4630.97 ±2168.89 4115.55 ±1524.09 < 0.001 4062.67 ±1482.44 4576.92 ±2153.92 < 0.001

Site volume annual 661.57 ±309.84 587.94 ±217.73 < 0.001 580.38 ±211.78 653.85 ±307.70 < 0.001

Values are presented as percentages or mean (±standard deviation). CABG – coronary artery bypass grafting, COPD – chronic obstructive pulmonary disease,  
MI – myocardial infarction, PCI – percutaneous coronary intervention, STEMI – ST-segment elevation myocardial infarction.

Discussion
Our main findings are that women constitute around 

4% of all PCI operators in Poland and were responsible 
for around 3.2% of all PCIs between 2014 and 2020. Im-
portantly, no association between operator-patient sex 
discordance and periprocedural outcomes was confirmed 
regardless of patient sex, except for fewer allergic reac-
tions in male patients with female operators compared 
with male operators. With regard to the latter finding, 
underlying reasons must remain uncertain. The overall 
occurrence of allergic reactions in men was low and this 
finding could be due to chance alone. Our findings are 
largely in line with the Blue Cross Blue Shield of Michigan 
Cardiovascular Consortium’s DISCO study [17]. Similar 
to our study, a  minority of PCI operators were women 
(4.5%) performing only 2.66% of all PCIs. In this study, 
there were no significant differences in in-hospital mor-
tality, acute kidney injury, transfusion or major bleeding 
among male and female patients undergoing PCI per-
formed by sex-concordant vs. sex-discordant operators. 
These findings were confirmed using adjusted linear 
regression models as well as propensity score matching 
technique. On the other hand, a recent study from Wal-
lis et al. suggested a negative impact of sex discordance 
between surgeons and patients on 30-day outcomes of 
patients undergoing common surgical procedures [12]. 
Importantly, this association was still significant after 
adjustment for several procedural-, patient-, and hos-
pital-related characteristics. Similarly, the treatment of 
female patients by male physicians was associated with 

increased mortality after AMI in a study by Greenwood  
et al. [11]. Evidence on sex- and gender-related aspects in 
the clinical presentation and disease course of patients 
with AMI is increasing. For instance, women with AMI are 
more likely than men to present with symptoms other 
than chest pain [18]. Greenwood et al. not only found 
better outcomes of female AMI patients when treated by 
a female physician but also that male physicians are more 
effective at treating female AMI patients when they work 
with more female colleagues and when they have treat-
ed more female patients in the past [11]. These findings 
may suggest a beneficial effect of increased awareness 
and knowledge about sex- and gender-related aspects in 
AMI patients. While this study analyzed AMI admissions 
from 1991 to 2010, positive changes due to ongoing ef-
forts to raise awareness about sex- and gender-related 
aspects of heart disease have occurred since. These pos-
itive changes together with differences in follow-up and 
study endpoints may have contributed to the conflicting 
results. 

The performance of female and male operators has 
been reported to be similar. The previous analysis of the 
ORPKI registry has confirmed similar practice patterns 
and outcomes of PCIs performed by female as compared 
to male operators [19]. Similarly, in the DISCO study, no 
differences in in-hospital mortality were found between 
patients treated by male or female interventional car-
diologists [17]. Interestingly, PCIs performed by female 
physicians were more frequently rated as appropriate as 
compared to procedures performed by their male coun-
terparts. In addition, female interventional cardiologists 
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more frequently prescribed recommended medical ther-
apies than male interventional cardiologists [17].

Overall, supporting more women to enter the field 
of interventional cardiology may lead to a more diverse 
workforce, which has been shown to be beneficial [20, 
21]. Diversity strengthens teams and provides additional 
resources for problem resolution. However, despite sev-
eral initiatives, including the EAPCI Women Committee, 
women are still underrepresented as PCI operators [22], 
as confirmed by our study. More efforts are needed to 
provide women with equitable opportunities for a  suc-
cessful career in interventional cardiology.

Limitations: Several limitations of this study should 
be acknowledged. First, the follow-up was limited to the 
periprocedural period, which means that assessing the 

long-term impact of operator-patient sex discordance 
was not possible. Also, the frequency of complications 
might be underreported. Second, the study did not eval-
uate the effect of concordance between patients and 
other catheterization laboratory staff members, such 
as nurses and technicians. The patients were stratified 
based on biological sex rather then gender, which may 
influence interpersonal interactions even more. Operator 
volume reflects the number of PCIs performed between 
2014 and 2020 and may not correspond to overall oper-
ator work experience and seniority. In addition, observed 
differences in using antiplatelet/antithrombotic agents 
might be affected by the lack of data on prehospital 
administration of those agents. Also, the data on other 
drugs and procedures during in-hospital stay were not 

Table II. Procedural details and pharmacotherapy

Variable Male patient P-value Female patient P-value

Male operator
(n = 380,985)

Female operator
(n = 12,479)

Female operator 
(n = 6,068)

Male operator
(n = 182,212)

Access site: < 0.001 0.71

Femoral 20.02% 18.77% 24.13% 24.60%

Radial 79.21% 80.63% 74.77% 74.31%

Other 0.77% 0.59% 1.10% 1.09%

Single-vessel disease 44.80% 44.10% 0.14 47.24% 48.72% 0.026

TIMI grade 0 or 1 flow at baseline 38.57% 36.06% < 0.001 35.23% 36.82% 0.013

Bifurcation lesion 9.36% 9.06% 0.25 7.12% 7.93% 0.021

CTO lesion 6.13% 4.96% < 0.001 3.56% 4.60% < 0.001

LMCA as the target vessel 3.16% 2.33% < 0.001 2.03% 2.67% 0.002

LAD as the target vessel 36.43% 36.13% 0.49 38.53% 38.45% 0.90

Rotablation 0.34% 0.10% < 0.001 0.13% 0.33% 0.007

Implanted stent 90.35% 90.20% 0.57 89.45% 90.43% 0.011

≥ 2 stents implanted 15.99% 14.82% < 0.001 14.93% 15.30% 0.44

TIMI grade 3 flow after PCI 93.70% 93.51% 0.39 92.80% 93.52% 0.030

FFR during angiography 2.11% 1.42% < 0.001 1.15% 1.66% 0.002

FFR during PCI 0.98% 0.81% 0.05 0.58% 0.72% 0.19

IVUS during angiography 0.77% 0.42% < 0.001 0.49% 0.59% 0.35

IVUS during PCI 1.06% 0.46% < 0.001 0.43% 0.86% < 0.001

OCT during angiography 0.09% 0.32% < 0.001 0.07% 0.07% 0.82

OCT during PCI 0.13% 0.13% 0.91 0.05% 0.11% 0.23

Contrast load [ml] 177.70 ±76.33 178.44 ±79.18 0.29 168.84 ±74.49 165.82 ±71.43 0.002

Radiation dose [mGy] 1080.49 ±940.31 1097.71 ±880.80 0.045 852.89 ±727.73 856.53 ±833.72 0.70

Acetylsalicylic acid 53.78% 62.70% < 0.001 64.60% 54.18% < 0.001

Unfractionated heparin 87.06% 91.07% < 0.001 90.90% 86.95% < 0.001

Bivalirudin 0.42% 0.29% 0.024 0.61% 0.41% 0.025

GP IIb/IIIa inhibitor 9.81% 9.28% 0.05 8.32% 7.99% 0.34

P2Y
12

 inhibitor: < 0.001 < 0.001

No 33.64% 29.37% 27.21% 32.72%

Clopidogrel 53.07% 59.16% 62.79% 55.90%

Prasugrel 0.94% 0.76% 0.53% 0.72%

Ticagrelor 12.35% 10.71% 9.48% 10.66%

Values are presented as percentages or mean (±standard deviation). CTO – chronic total occlusion, FFR – fractional flow reserve, GP – glycoprotein, IVUS – intra-
vascular ultrasound, LAD – left anterior descending artery, LMCA – left main coronary artery, OCT – optical coherence tomography, PCI – percutaneous coronary 
intervention, TIMI – Thrombolysis in Myocardial Infarction.
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available. Consequently, the evaluation of adherence to 
recommendations was not possible. The ORPKI database 
also lacks information on lesion complexity, the extent of 
coronary artery disease (e.g., Syntax Score), and crucial 
clinical factors that may affect prognosis, such as body 
mass index, left ventricular ejection fraction, baseline he-
moglobin level, baseline serum creatinine level, and atrial 
fibrillation. As no data on the change in hemoglobin level 
are available in the study, we could not adhere strictly to 

the Bleeding Academic Research Consortium criteria for 
evaluating bleeding events.

Conclusions
No detrimental effect of operator-patient sex dis-

cordance on periprocedural outcomes was confirmed in 
a  large, unselected cohort of patients undergoing PCI. 
Some of the observed differences in outcomes between 
male patients discordant versus concordant with opera-

	 Death	 Stroke	 Cardiac arrest	 Perforation	 No-reflow	 Allergic reaction	 Puncture site 
							       bleeding

 Male patient/male operator (n = 380,985)         Male patient/female operator (n = 12,479)

	 Death	 Stroke	 Cardiac arrest	 Perforation	 No-reflow	 Allergic reaction	 Puncture site 
							       bleeding

 Female patient/female operator (n = 6,068)          Female patient/male operator (n = 182,212)

	 p = 0.037	 p = 0.27	 p = 0.09	 p = 0.91	 p = 0.68	 p = 0.022	 p = 0.046

	 p = 0.10	 p = 0.19	 p = 0.07	 p = 0.44	 p = 0.99	 p = 0.22	 p = 0.19

Figure 1. Periprocedural complications in patients undergoing percutaneous coronary intervention with (solid 
bars) and without (empty bars) operator and patient sex concordance among male (A) and female (B) patients. 
Values are presented as percentages
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Table III. Associations between operator-patient sex discordance and periprocedural outcomes

Parameter Women Men

Unadjusted OR  
(95% CI)

P-value Adjusted OR  
(95% CI)

P-value Unadjusted OR  
(95% CI)

P-value Adjusted OR  
(95% CI)

P-value

Periprocedural death 0.79 (0.59–1.05) 0.10 0.81 (0.57–1.15) 0.24 1.30 (1.02–1.66) 0.033 0.98 (0.71–1.36) 0.92

Stroke 0.38 (0.09–1.62) 0.19 0.41 (0.09–1.81) 0.24 2.04 (0.49–8.52) 0.97 2.49 (0.59–10.58) 0.22

Cardiac arrest 0.79 (0.62–1.01) 0.06 1.03 (0.76–1.39) 0.87 1.20 (0.98–1.47) 0.08 0.94 (0.74–1.21) 0.65

Perforation 0.83 (0.52–1.31) 0.43 0.80 (0.48–1.32) 0.37 0.93 (0.57–1.50) 0.76 0.59 (0.31–1.15) 0.12

No-reflow 1.00 (0.75–1.35) 0.98 1.19 (0.85–1.66) 0.31 1.05 (0.83–1.31) 0.70 0.91 (0.70–1.17) 0.44

Allergic reaction 2.15 (0.69–6.74) 0.19 3.24 (0.80–13.06) 0.10 0.30 (0.10–0.95) 0.04 0.21 (0.05–083) 0.026

Puncture site bleeding 0.71 (0.44–1.15) 0.17 0.87 (0.51–1.46) 0.60 1.71 (1.03–2.83) 0.037 1.60 (0.95–2.71) 0.08

Values are presented as unadjusted and adjusted odds ratios (OR) with 95% confidence intervals (95% CI).
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tors were primarily related to the differences in baseline 
risk profile.
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