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Abstract
Background: Percutaneous coronary intervention (PCI) is indispensable in cardiology; however, exposure 
to potentially harmful ionising radiation remains a concern.
Aims: This study was designed to assess the PCI-related radiation dose over the last decade and to identify 
predictors of increased dose exposure.
Methods: The PROcedural radiaTion dose Exposure in percutaneous Coronary intervenTION (PROTECTION 
VIII) study included all PCIs reported to a German quality assurance programme between 2008 and 2018. 
Dose area product (DAP) and radiation time were analysed. Effective dose (ED) was estimated (ED=DAP*k; 
conversion coefficient k=0.0022 mSv/cGy*cm2). Multivariate linear regression analysis was used to identify 
predictors associated with a clinically relevant increase of radiation dose (ED ≥1 mSv).
Results: We enrolled 3,704,986 patients undergoing PCI (median age 70 years, 30% female). Indications 
were chronic coronary syndrome (37.5%), unstable angina pectoris and non-ST-segment elevation myo-
cardial infarction (non-STEMI; 33.2%) and STEMI (18.5%). Median DAP was 4,203 (interquartile range 
[IQR] 2,313-7,300) cGy*cm, ED was 9.2 mSv and median radiation time was 9.2 (IQR 5.8-15.0) min. 
Within the 10-year period, radiation exposure was reduced by 36% (p<0.001) and resulted in a median DAP 
of 3,070 cGy*cm (ED 6.8 mSv) in 2018. A significant 5.3-fold variability of median DAP was observed 
between catheterisation laboratories (p<0.001). We identified patient-related (gender, coronary artery bypass 
graft surgery, heart failure) and procedure-related (coronary occlusion PCI, ostial lesion PCI, left main PCI, 
multivessel PCI) predictors of increased radiation dose (all p<0.001).
Conclusions: This radiation dose survey demonstrates a considerable reduction of PCI radiation exposure 
during the last decade. However, large variability between catheterisation laboratories underlines the need 
for further radiation dose reduction.
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Radiation exposure in percutaneous coronary intervention

Abbreviations
CAD	 coronary artery disease
DAP	 dose area product
PCI	 percutaneous coronary intervention

Introduction
Percutaneous coronary intervention (PCI) is the guideline-recom-
mended first-line therapy for coronary revascularisation in patients 
with acute coronary syndrome and obstructive coronary artery dis-
ease (CAD)1,2. Furthermore, PCI is an important therapeutic strat-
egy in patients with symptomatic chronic coronary syndrome and 
haemodynamically relevant obstructive CAD3,4. The downside of 
cardiac catheterisation procedures is the potentially harmful expo-
sure to ionising radiation. Detrimental effects include the develop-
ment of malignancies, skin damage, inheritable defects, cataract 
formation and pregnancy complications5-8. The risk of radiation-
induced cancer presumably increases in direct proportion to effec-
tive dose, since it is believed that the stochastic effects of ionising 
radiation follow a non-threshold, radiation-dependent risk model9. 
In the recently performed PROTECTION VII study, radiation dose 
exposure of diagnostic cardiac catheterisation in current clinical 
practice was analysed and considerable dose reduction during the 
last decade was reported10. Importantly, radiation exposure in PCI 
is higher and clinically more relevant when compared to diagnos-
tic catheterisation only. Furthermore, the indications and complex-
ity of PCI procedures have increased in recent years. At the same 
time, the awareness of radiation safety and the development of 
radiation dose reduction techniques have improved.

Consequently, the actual amount of radiation dose exposure in 
current clinical routine and the change in radiation dose during 
recent years are of great interest for both the interventional cardio-
logists and the patients undergoing PCI. However, only radiation 
dose data from small studies with limited patient numbers are cur-
rently available11-15.

Therefore, the PROcedural radiaTion dose Exposure in per-
cutaneous Coronary intervenTION (PROTECTION VIII) study 
was designed to (i) examine the current level of radiation dose, 
(ii) assess the development of radiation dose during the last dec-
ade, and (iii) identify independent predictors of a clinically rele-
vant increase in PCI radiation dose in a large-scale patient cohort. 
We used data from a nationwide quality assurance programme in 
Germany allowing a comprehensive and representative assessment 
of PCI-related radiation dose.

Methods
STUDY PROTOCOL
In this investigator-initiated, nationwide, multicentre, retrospective 
study all PCI procedures after diagnostic invasive coronary angio-
graphy that were reported to the quality assurance programme for 
cardiac catheterisation and PCI in Germany between 2008 and 
2018 were included. Data were collected, hosted and organised 
by the aQua institute (Institut für angewandte Qualitätsförderung 
und Forschung im Gesundheitswesen; 2008-2013) and the IQTiG 

institute (Institut für Qualitätssicherung und Transparenz im 
Gesundheitswesen; 2014-2018). Participation in the quality assur-
ance programme is mandatory for all catheterisation laboratories 
and complete data collection for patients with public health insur-
ance is assured, as it has been linked to PCI reimbursement. All 
patients undergoing diagnostic catheterisation and subsequent 
PCI in one setting between 2008 and 2018 were included in the 
PROTECTION VIII study. Data collection of the quality assur-
ance programme was amended in 2017 and additional PCI-related 
parameters were collected by the IQTiG institute from that time 
on. Therefore, a more detailed analysis of PCI radiation dose 
was performed in the subgroup of patients who were treated in 
2017 and 2018. Data analysis was facilitated by the quality assur-
ance procedure of the Federal Joint Committee (Gemeinsamer 
Bundesausschuss [G-BA]) in accordance with Article 136 of the 
German Social Code Book V. The PROTECTION VIII study has 
been approved by and received ethical oversight from the Federal 
Joint Committee (G-BA), which is the highest decision-mak-
ing body of the joint self-government of physicians in Germany 
(application number 2019-19/06).

RADIATION DOSE MEASURES
The primary outcome parameters for the current analysis were 
(i) the radiation dose area product (DAP, in cGy*cm2), and (ii) the 
total radiation time (min.). The DAP was available from 2008 to 
2018, and the radiation time from 2008 to 2014 (radiation time 
was not collected by the IQTiG institute after 2014). Both vari-
ables summarise the radiation data for both fluoroscopy and dig-
ital cine angiography. The DAP measures the stochastic effects 
of ionising radiation and has been described as a useful variable 
characterising the patient radiation exposure during catheterisa-
tion procedures8. Data were analysed on a patient level and a site 
level. The effective dose (ED) during PCI was estimated from the 
product of the DAP and a conversion coefficient k for the chest. 
This conversion coefficient (k=0.0022 mSv/cGy*cm2, averaged 
between male and female models) was evaluated from organ dose 
conversion coefficients given for an average of typical projections 
in cardiac angiography16, and interpolated for radiation qualities 
applied in the present study. This value is in reasonable agree-
ment with respective conversion coefficients for various chest 
posteroanterior (PA) projections17. The variability in median DAP 
between study sites and the multivariate regression analysis were 
performed in the detailed PCI patient cohort that was available in 
2017 and 2018. In the analysis of dose variability between partici-
pating catheterisation laboratories, we included all sites that per-
formed at least 25 PCI procedures and further excluded 2.5% of 
catheterisation laboratories with very low and 2.5% of catheterisa-
tion laboratories with very high median DAPs to accommodate for 
outliers beyond a 95% confidence interval.

STATISTICAL ANALYSIS
Variables are expressed as counts with percentages or medians with 
interquartile ranges (IQRs). Comparison of groups was performed 
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with the Wilcoxon Mann-Whitney U test or chi² test as appropriate. 
Comparison of multiple groups was performed using the Kruskal-
Wallis test and Dunn’s (1964) Kruskal-Wallis multiple comparison 
test. P-values were adjusted with the Bonferroni method. Trend 
analysis was performed using the Bartels test for randomness. 
Univariate and multivariate linear regression analyses were per-
formed to identify predictors significantly associated with radiation 
dose. Here, the significance level for a clinically relevant change 
in radiation dose was set to ED ≥1 mSv. A p-value <0.05 was 
considered to be statistically significant. Statistical analysis was 
performed using R Version 1.1.383 (R Foundation for Statistical 
Computing).

Results
PATIENT AND PROCEDURAL CHARACTERISTICS OF PCI
A total of 3,704,989 PCI procedures performed in Germany 
between 2008 and 2018 were included in the current analysis. 
The number of catheterisation laboratories enrolling patients into 
the PROTECTION VIII study increased from 611 in 2008 to 860 
in 2018. All available patient characteristics for patients treated 
between 2008 and 2018 are summarised in Table 1. Patients were 
70 (IQR 60-77) years old and 30.0% were female. A history of 
coronary artery bypass graft (CABG) surgery was reported for 
8.4% of patients. In patients presenting with a chronic coronary 
syndrome, the majority (81.4%) reported angina pectoris. Signs 
of myocardial ischaemia were observed in 43.4% of patients 
with chronic coronary syndrome, as detected by non-invasive 

myocardial stress testing, while test results were unknown or 
inconclusive in 33.4% of cases. Reduced left ventricular ejection 
fraction (LVEF) below 40% was reported for 10.4% of patients. 
The most frequent indication for PCI was stable angina pecto-
ris in 37.5%, followed by unstable angina pectoris and NSTEMI 
in 33.2%, and STEMI in 18.5% of patients. Additional baseline 
and procedural characteristics were available for a subgroup of 
576,679 patients undergoing PCI in 2017 and 2018 (Table 2). 
The above-mentioned patient characteristics of this subgroup 
were comparable to the complete study cohort from 2008 to 2018 
(Supplementary Table 1). For the 2017/2018 subgroup, signs of 
heart failure were reported in 68.4% of patients that were most 
frequently attributed to New York Heart Association (NYHA) 
Functional Class II (Table 2). PCI for coronary artery occlusion 
was performed in 17.9% of patients. PCI of ostial lesions and in-
stent-restenosis was performed in 6.9% and 6.6%, respectively. 
The most frequent coronary artery targeted by PCI was the left 
anterior descending coronary artery (LAD) in 36.4% of patients, 
followed by the right coronary artery (RCA; 29.1%) and the left 
circumflex coronary artery (LCx; 18.8%). Isolated PCI of the 
left main artery (LMA) was performed in 1.0% of procedures. 
Isolated bypass graft PCI was performed in 2.6% and multivessel 
PCI was performed in 12.1% of patients.

Table 1. Patient characteristics of PCI between 2008 and 2018.

Patients, n 3,704,986

Age, years 70 (60-77)

Gender, female, % 30.0 (1,070,085)

History of CABG, %a 8.4 (356,243)

Angina in 
chronic coronary 
syndromeb

No symptoms of angina 18.6 (325,984)

Symptoms of angina 81.4 (1,429,717)

Stress test in 
chronic coronary 
syndromeb

No signs of ischaemia 23.2 (406,550)

Signs of ischaemia 43.4 (762,078)

Inconclusive or unknown 33.4 (587,073)

LV systolic 
function

LVEF ≥40% 71.7 (2,655,056)

LVEF <40% 10.4 (385,035)

Unknown 17.9 (664,895)

Indication for 
PCI, %

Stable angina pectoris 37.5 (1,388,656)

Unstable angina and NSTEMI 33.2 (1,230,520)

STEMI 18.5 (686,058)

Prognostic indication 8.8 (324,745)

Otherc 2.0 (75,007)

Values are median (interquartile range) or % (n). aHistory of CABG 
unspecified in 36,945 patients. bDefined in 1,755,701 patients. 
cIncludes complications after diagnostic catheterisation. CABG: coronary 
artery bypass graft; LV: left ventricle; LVEF: left ventricular ejection 
fraction; NSTEMI: non-ST-elevation myocardial infarction; 
STEMI: ST-elevation myocardial infarction

Table 2. Additional baseline and procedural characteristics 
collected only for PCI in 2017 and 2018.

Patients, n 576,679

Grading of angina 
before PCI in 
chronic coronary 
syndrome, % (n)a

CCS class 0 19.8 (56,665)

CCS class I 11.8 (33,668)

CCS class II 44.8 (128,116)

CCS class III 23.6 (67,702)

Grading of heart 
failure symptoms 
before PCI, % (n)

None 31.6 (182,087)

NYHA I 12.0 (69,179)

NYHA II 33.4 (192,687)

NYHA III 17.3 (99,595)

NYHA IV 5.7 (33,131)

Specific lesion 
characteristics, 
% (n)

None 68.2 (393,640)

PCI of occluded vesselb 17.9 (103,507)

PCI of ostial lesion 6.9 (39,520)

PCI of in-stent stenosis 6.6 (37,783)

PCI of last remaining vessel 0.4 (2,229)

Location of PCI, 
% (n)

LAD 36.4 (209,955)

RCA 29.1 (167,839)

LCx 18.8 (108,584)

Left main isolated 1.0 (5,912)

Bypass graft 2.6 (14,768)

Multiple vessel PCI 12.1 (69,621)

Values are % (n). aSpecified in n=286,151 patients. b Includes PCI of 
acute and chronic coronary occlusions. CCS: Canadian Cardiovascular 
Society; LAD: left anterior descending coronary artery; LCx: left 
circumflex coronary artery; NYHA: New York Heart Association; 
PCI: percutaneous coronary intervention; RCA: right coronary artery
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CHANGE OF RADIATION DOSE EXPOSURE AND VARIABILITY 
BETWEEN CARDIAC CATHETERISATION LABORATORIES
The median DAP of all 3,704,989 PCIs between 2008 and 2018 
was 4,203 (IQR 2,313-7,300) cGy*cm2. This radiation exposure 
translates into a median estimated ED of 9.2 (IQR 5.1-16.1) mSv. 
The associated median radiation time that was reported between 
2008 and 2014 and was 9.2 (IQR 5.8-15.0) min. During the ten-
year observational period, the median DAP associated with PCI 
was significantly reduced (p<0.001 in trend analysis and multiple 
group testing) (Central illustration, panel A). In 2008, the median 

DAP of 267,451 PCIs was 4,811 (IQR 2,530-8,394) cGy*cm2. 
Ten years later, the median DAP had decreased by 36% to 
3,070 (IQR 1,722-5,299) cGy*cm2, with an estimated ED of 
6.7 (IQR 3.8-11.7) mSv as assessed in 285,066 PCIs (p<0.001). 
In contrast, the median radiation time increased slightly during the 
observational period (Central illustration, panel B). In 2008, the 
median radiation time was 8.8 (IQR 5.5-14.3) min and increased 
by 11% to 9.8 (IQR 6.1-15.7) min in 2014 (Central illustration, 
panel B; p<0.001). A total of 747 catheterisation laboratories that 
performed at least 25 PCI procedures in 2017 and 2018 were listed 
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CENTRAL ILLUSTRATION Trends of radiation dose exposure in PC.
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A) DAP of all PCI procedures (left) and by year between 2008 and 2018 (right). B) Radiation time of all PCI procedures (left) and by year 
between 2008 and 2018 (right). C) Variability of DAP in the 2017/2018 PCI group between catheterisation laboratories in Germany. Lines 
demonstrate median, filled area represents IQR. For accommodation of outliers in the registration of DAP, only study sites with a median 
DAP within the 95% confidence interval were compared and outliers (red area) were excluded. D) DAP by institutional volume. All 
catheterisation laboratories with a median DAP within the 95% confidence interval were stratified according to the number of PCIs in 
2017/2018 into low volume (institutional volume <1st quartile: 25-238 PCIs), moderate volume (IQR of institutional volume: 238-1,103 
PCIs) and high volume (institutional volume >3rd quartile: >1,033 PCIs). Box plots show median (middle horizontal line), IQR (box), and 
the range of non-outlying data points (lower whisker: lowest data point within the 25th percentile minus 1.5 times IQR; upper 
whisker: highest data point within the 75th percentile plus 1.5 times IQR). DAP: dose area product; IQR: interquartile range; 
PCI: percutaneous coronary intervention
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in ascending order according to their median DAP (Central illustra-
tion, panel C). In the subsequent variability analysis, we included 
all sites within a 95% confidence interval (710 catheterisation labo-
ratories), and thus, sites with a median DAP below the 2.5 percen-
tile and above the 97.5 percentile were excluded (37 catheterisation 
laboratories) (Central illustration, panel C, red area). We observed 
a significant 5.3-fold variability between the catheterisation labora-
tories with the lowest median DAP (1,137 cGy*cm2) and highest 
median DAP within this 95% confidence interval (5,997 cGy*cm2; 
p<0.001) (Central illustration, panel C). The median number of 
PCIs performed in catheterisation laboratories within the 95% DAP 
confidence interval of the 2017/2018 dataset was 641 (IQR 238 to 
1,103) PCIs. We stratified institutions within the 95% DAP confi-
dence interval of the 2017/2018 dataset into low volume (<238 PCIs 
in 2017 and 2018), moderate volume (238 to 1,103 PCIs in 2017 
and 2018) and high volume (>1,103 PCIs in 2017 and 2018) cath-
eterisation laboratories (Central illustration, panel D). High-volume 

sites were associated with higher median DAP (3,458 cGy*cm2), 
when compared to moderate- (2,944 cGy*cm2) or low-volume sites 
(2,580 cGy*cm2; p<0.001) (Central illustration, panel D). However, 
the intersite variability of radiation dose was similar between high-
volume (significant 5.0-fold variability) and low-volume sites (signif-
icant 5.2-fold variability; both p<0.001) (Supplementary Figure 1).

RADIATION DOSE EXPOSURE IN SUBGROUPS OF PCI
Different indications for PCI were associated with small differ-
ences of radiation dose exposure (Supplementary Table 2). Stable 
angina pectoris was associated with the lowest median DAP of 
3,075 cGy*cm2 and ED of 6.8 mSv. In contrast, acute coronary 
syndrome due to unstable angina or NSTEMI was associated with 
the highest median DAP of 3,309 cGy*cm2 and ED of 7.3 mSv. 
Several patient-related factors were associated with differences in 
radiation dose exposure during PCI (Figure 1A). Male gender was 
associated with 38% increased DAP during PCI when compared 
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Figure 1. Radiation exposure of PCI by patient-related and procedure-related characteristics. A) Patient-related differences of DAP by gender 
(left), CABG history (middle), and heart failure (right). B) Differences of DAP in relation to PCI of occluded coronary artery (left), PCI of 
ostial lesion (middle), and the coronary artery undergoing PCI (right). Box plots show median (middle horizontal line), IQR (box), and the 
range of non-outlying data points (lower whisker: lowest data point within the 25th percentile minus 1.5 times IQR; upper whisker: highest 
data point within the 75th percentile plus 1.5 times IQR). CABG: coronary artery bypass grafting; CAD: coronary artery disease; DAP: dose 
area product; LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; NYHA: New York Heart Association; 
PCI: percutaneous coronary intervention; RCA: right coronary artery
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to female patients (p<0.001). PCI in patients with a history of 
CABG surgery was associated with a 32% increase in DAP, when 
compared to patients with native coronary arteries (p<0.001). 
PCI in patients with heart failure was associated with increased 
DAP. Accordingly, DAP was increased by 2% (NYHA Class I), 
9% (NYHA Class II), 22% (NYHA Class III) or 34% (NYHA 
Class IV), when compared to patients without symptoms of heart 
failure (all p<0.001). Furthermore, the characteristic of the coro-
nary artery lesion undergoing PCI was significantly associated with 
radiation dose (Figure 1B). PCI of an occluded coronary artery 
was associated with a 25% increase in DAP when compared to 
PCI of a non-occluded coronary artery (p<0.001). An ostial lesion 
led to a 27% increase of DAP when compared to PCI of a non-
ostial coronary artery lesion (p<0.001). Finally, the coronary artery 
itself as well as multivessel PCI were associated with significant 
differences of radiation dose exposure during PCI (Figure 1B).

INDEPENDENT PREDICTORS FOR RADIATION DOSE 
EXPOSURE IN PCI
All available patient and procedural details of PCI in 2017 and 2018 
were included in a multivariate regression analysis. Due to the large 
size of the dataset, almost all variables were identified as statistically 
significant predictors associated with radiation dose (Table 3). Thus, 
the level for clinical significance was set to an estimated effective 

dose of at least 1 mSv, which corresponds to an absolute DAP effect 
of 455 cGy*cm2. In the multivariate model, independent and clini-
cally significant predictors for increased radiation dose exposure in 
PCI were male gender (+1,342 cGy*cm2), CABG (+1,010 cGy*cm2), 
heart failure (+499 cGy*cm2), PCI of an occluded vessel 
(+1,366 cGy*cm2), PCI of an ostial lesion (+773 cGy*cm2), PCI of 
the left main coronary artery (+515 cGy*cm2), and multivessel PCI 
(+1,468 cGy*cm2) (Table 3, highlighted in red, all p<0.001).

Discussion
PCI has emerged as an indispensable tool in cardiology that is 
frequently performed in patients with acute and chronic coronary 
syndromes. Exposure to potentially harmful radiation is an impor-
tant safety aspect associated with PCI and is increasingly recog-
nised by both patients and cardiologists. This results from (i) the 
growing evidence of radiation-related complications that increase 
with the level of radiation dose exposure, and (ii) the accelerating 
complexity of PCI procedures that are associated with increased 
radiation dose. However, evidence regarding the actual level of 
radiation dose exposure during clinical routine is scarce and results 
from large radiation dose surveys are lacking. Our study includes 
over 3.7 million patients undergoing PCI after diagnostic catheter-
isation and is the largest radiation dose survey of PCI practice to 
date. The study was designed on the basis of a nationwide quality 

Table 3. Predictors for radiation dose exposure associated with PCI.

Univariate analysis Multivariate analysis

Effect (95% CI) p-value Effect (95% CI) p-value

Gender, female –1,390 (–1,414; –1,365) <0.001 –1,342 (–1,366; –1,317) <0.001

Age, per 10 years increase –50 (–60; –41) <0.001 11 (1; 20) <0.05

History of CABG 1,208 (1,168; 1,249) <0.001 1,010 (964; 1,055) <0.001

Heart failure 568 (544; 592) <0.001 499 (475; 523) <0.001

PCI of occluded vessela 1,224 (1,194; 1,253) <0.001 1,366 (1,334; 1,398 <0.001

PCI of ostial lesion 1,131 (1,086; 1,175) <0.001 773 (729; 818) <0.001

PCI of in-stent stenosis 20 (–26; 66) 0.394 –182 (–226; –137) <0.001

Coronary artery 
undergoing PCIb

LAD Reference Reference

RCA 370 (342; 398) <0.001 208 (181; 236) <0.001

LCx 317 (285; 349) <0.001 148 (117; 179) <0.001

Left main 835 (722; 947) <0.001 515 (404; 625) <0.001

Bypass graft 1,222 (1,150; 1,294) <0.001 83 (2; 164) <0.05

Multivessel PCI 1,785 (1,748; 1,822) <0.001 1,468 (1,431; 1,505) <0.001

Site volume, per 100 PCIs increase 17 (16; 18) <0.001 16 (15; 17) <0.001

Indication for PCIc Stable angina Reference Reference

ACS (unstable angina, NSTEMI) 273 (247; 300) <0.001 127 (101; 153) <0.001

ACS (STEMI) 206 (172; 240) <0.001 –382 (–419; –345) <0.001

Prognostic indication 211 (171; 251) <0.001 79 (40; 118) <0.001

Otherd 446 (362; 529) <0.001 365 (284; 446) <0.001

Values are effect (95% CI [confidence interval]). aIncludes PCI of acute and chronic coronary occlusions. bAll targets vs LAD. c All indications vs stable 
angina. d Includes complications after diagnostic catheterisation. The clinical significance level (parameters highlighted by red background and bold 
characters) was set to a change in the estimated effective dose of 1 mSv (=DAP change of 455 cGy*cm). ACS: acute coronary syndrome; 
CABG: coronary artery bypass graft; LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; NSTEMI: non-ST-elevation 
myocardial infarction; PCI: percutaneous coronary intervention; RCA: right coronary artery; STEMI: ST-elevation myocardial infarction
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assurance programme in Germany allowing for a complete, robust 
and representative assessment of radiation dose parameters in clin-
ical routine PCI.

We demonstrated a significant reduction of PCI radiation dose 
exposure by 36% during the last decade (p<0.001), resulting in 
a median DAP of 3,070 cGy*cm2 and estimated ED of 6.7 mSv 
in the year 2018. This reduction of radiation dose was achieved 
despite the increasing complexity of PCI procedures as suggested 
by the increase of radiation time observed between 2008 and 2014. 
In the PROTECTION VIII study, a detailed procedural charac-
terisation was available only in the last years of data acquisition 
and, thus, the development of the procedural complexity cannot 
be directly extracted from the presented results. However, proce-
dures associated with increased radiation dose such as left main 
PCI and chronic total occlusion PCI were supported by recent 
guideline recommendations and have been facilitated by techni-
cal improvements of catheterisation devices18,19. There are many 
potential explanations for the reduction in PCI radiation dose 
exposure during the last decade. First, technical improvements of 
catheterisation laboratories may have contributed to more efficient 
imaging and the reduction of radiation dose exposure20. Among 
the technical advantages are radiation tubes that replace conven-
tional helical coils with flat emitters that allow shorter pulse width 
and better filtration resulting in a more efficient photon spectrum. 
Furthermore, detectors with higher dynamic range improve image 
detail accuracy and contrast.

Furthermore, implementation of dose-saving techniques poten-
tially contributed to the observed reduction of radiation dose 
exposure. The recommended strategies for dose reduction in PCI 
include careful preparation of the procedure and limitation of the 
fluoroscopy time, frame rate reduction13,21, utilisation of low-dose 
fluoroscopy instead of high-dose cinefluorangiography, imaging in 
less angulated projections22, application of real-time dose moni-
toring14, and implementation of advanced image processing algo-
rithms such as noise reduction technology11,23.

Besides the overall reduction of radiation dose in PCI, the 
results of this study also demonstrate a significant 5.3-fold var-
iability of the median DAP between catheterisation laboratories 
in the 2017/2018 dataset (p<0.001). A similarly high variability 
of the median DAP was observed in low-volume as well as in 
high-volume catheterisation laboratories. This illustrates the wide 
range of radiation dose exposures in routine clinical PCI and dem-
onstrates the need for further dose reduction. In accordance with 
the findings of our study, a significant variability regarding the 
exposure of extremely high radiation doses during PCI procedures 
has been observed between catheterisation laboratories in a recent 
study24.The results from this study should be noted as an oppor-
tunity for implementing radiation safety quality improvement 
practices across institutions. Interventional cardiologists should 
critically review the radiation safety performance of their cathe-
terisation laboratory radiographic systems and consider modern-
isations and modifications to minimise radiation dose exposure. 
Furthermore, interventional cardiologists should continuously 

monitor the radiation exposure of their own PCI procedures, and 
consequently implement the above-mentioned dose-saving strate-
gies in order to improve safety during the procedure for patients 
and staff.

Additionally, we strongly recommend the participation of insti-
tutions in radiation dose surveys allowing benchmarking with 
other physicians and institutions. The participation in such pro-
grammes might improve “best practice” performance.

Furthermore, the certification of catheterisation laborato-
ries which adhere to “best practice” recommendations will help 
patients and doctors to select centres with low radiation exposure 
for cardiac catheterisation. Interestingly, the volume of PCI proce-
dures performed by an institution was not associated with lower 
radiation doses in this analysis. This demonstrates that the number 
of PCIs performed per se does not support best practice regarding 
radiation safety.

Another important finding of this study is the identifica-
tion of clinically relevant and independent predictors for radia-
tion dose exposure in PCI. In our analysis, we set the level for 
a clinically significant change in radiation exposure to an esti-
mated ED ≥1 mSv, because predictors with even smaller changes 
became statistically significant in this analysis due to the very 
large sample size. Using a multivariate model, we identified 
patient-related (male gender, history of CABG and heart failure) 
and procedure-related (coronary occlusion PCI, ostial lesion PCI, 
left main PCI and multivessel PCI) predictors that were assoc-
iated with increased radiation dose exposure (all p<0.001). We 
recommend that, in the presence of these dose risk factors, inter-
ventional cardiologists should pay specific attention to radiation 
reduction and should keep the radiation dose exposure as low 
as reasonably achievable. In particular, the implementation of 
dose-saving techniques should be critically reviewed in any of 
the above-mentioned risk-related PCI scenarios, before starting 
with the procedure.

Limitations
A number of limitations have to be considered when interpret-
ing the findings. The PROTECTION VIII study is limited by its 
observational retrospective design. In this study, no direct radia-
tion dose measurements were taken. Some catheterisation lab-
oratories might have used systems that actually measure DAP, 
while other systems only calculate radiation dose parameters. 
Additional patient characteristics (access site, body mass index), 
lesion characteristics (separation into acute or chronic coronary 
occlusion), technical parameters (specifications of the catheter-
isation laboratories, different manufacturers, acquisition proto-
cols) and details of the operator (e.g., operator volumes within 
sites) with potential impact on radiation dose were not available 
in this quality assurance registry and could not be analysed; how-
ever, the approach allowed a nationwide representative analysis 
of radiation exposure in clinical practice. Advanced procedural 
details were not specified between 2008 and 2016; nevertheless, 
the subanalysis of PCI procedures in 2017 and 2018 was still 
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constituted by over 0.5 million patients and reflects most recent 
PCI practice. Finally, the results from PROTECTION VIII were 
obtained in Germany only and transfer of the results to other 
countries might be limited.

Conclusions
In conclusion, the results from this large radiation dose survey 
demonstrate that radiation exposure in PCI practice has been 
considerably reduced over the last decade. Importantly, a large 
variability in median radiation dose was observed between cath-
eterisation laboratories, which suggests the need for further 
site-specific training and education as well as the standardised 
implementation of advanced technology and low-dose procedural 
protocols. In particular, cardiologists should critically revise and 
utilise all available radiation dose reduction techniques in high 
radiation risk scenarios including PCI of coronary occlusion, ostial 
lesions, the left main artery, and multiple vessels.

Impact on daily practice
PCI is frequently performed in Western societies and has 
emerged as an indispensable tool in cardiology. Besides its 
impact on morbidity and mortality, potential deleterious effects 
of procedural radiation exposure are of significant healthcare 
concern for both the examined patient and the investigating 
invasive cardiologist. The PROTECTION VIII study demon-
strates considerable reduction of radiation dose exposure in 
PCI, implicating improved procedural safety for patients and 
invasive cardiologists. The observed large intersite variabil-
ity in PCI-associated radiation dose in current clinical practice 
requires particular attention. Hospitals and healthcare providers 
are requested to improve site-specific equipment and radiation 
dose education further. Clinicians should use low-dose acquisi-
tion protocols by default in order to keep radiation dose as low 
as reasonably achievable.
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Supplementary Table 1. Patient characteristics of PCI in 2017 and 2018. 

Patients, n n=576,679 

Age, years 71 (61-79) 

Gender, female, % 30.0 (172,886) 

History of CABG, % a 8.4 (47,477) 

Angina in chronic coronary syndrome b  

 No symptoms of angina 19.8 (56,665) 

 Symptoms of angina 80.2 (229,486) 

Stress test in chronic coronary syndrome b  

 No signs of ischaemia 25.5 (73,078) 

 Signs of ischaemia  48.7 (139,436) 

 Inconclusive or unknown 25.7 (73,637) 

LV systolic function  

 LVEF ≥40% 72.5 (418,013) 

 LVEF <40% 10.4 (59,780) 

 Unknown 17.1 (98,886) 

Indication for PCI, %  

 Stable angina pectoris 37.7 (217,307) 

 ACS (unstable angina, NSTEMI) 34.6 (199,381) 

 ACS (STEMI) 15.6 (90,224) 

 Prognostic indication 10.0 (57,896) 

 Other c 2.1 (11,871) 

Values are median (interquartile range) or % (n).  

a History of CABG unspecified in 8,344 patients.  

b Defined in 286,151 patients.  

c Includes complications after diagnostic catheterisation. 

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; LV: left ventricle; NSTEMI: 

non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction 



 

Supplementary Table 2. Radiation exposure of PCI by indication (PCI 2017 and 2018). 

 DAP Effective dose 

Indication   

 Stable angina pectoris 3,075 (1,717–5,300) 6.8 (3.8–11.7) 

 Prognostic indication 3,169 (1,778–5,531) 7.0 (3.9–12.2) 

 STEMI 3,170 (1,768–5,520) 7.0 (3.9–12.1) 

 Unstable angina and NSTEMI 3,309 (1,869–5,640) 7.3 (4.1–12.4) 

 Other a 3,300 (1,815–5,820) 7.3 (4.0–12.8) 

Values are median (interquartile range).  

a Includes complications after diagnostic catheterisation. 

NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-

elevation myocardial infarction  

 

  



 

 

Supplementary Figure 1. Intersite variability of radiation dose in low-volume and high-volume institutions.  

Variability of the dose area product (DAP) in percutaneous coronary interventions (PCIs) of low-volume 

institutions (A, 25-238 PCIs) and high-volume institutions (B, >1,103 PCIs) in 2017 and 2018. Only 

catheterisation laboratories with a minimum of 25 PCIs and a median DAP within the 95% confidence interval 

of all institutions in 2017/2018 were included. Lines demonstrate median, filled area represents IQR.  


