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Effective Reduction of 
Radiation Exposure during 
Cardiac Catheterization
Exposure to ionizing radiation during cardiac catheterization can have harmful consequenc-
es for patients and for the medical staff involved in the procedures. Minimizing radiation 
doses during the procedures is essential. We investigated whether fine-tuning the radia-
tion protocol reduces radiation doses in the cardiac catheterization laboratory.

In January 2016, we implemented a new protocol with reduced radiation doses in 
the Hospital de Jerez catheterization laboratory. We analyzed 170 consecutive coronary 
interventional procedures (85 of which were performed after the new protocol was imple-
mented) and the personal dosimeters of the interventional cardiologists who performed 
the procedures.

Overall, the low-radiation protocol reduced air kerma (dose of radiation) by 44.9% (95% 
CI, 18.4%–70.8%; P=0.001). The dose-area product decreased by 61% (95% CI, 30.2%–
90.1%; P <0.001) during percutaneous coronary interventions. We also found that the an-
nual deep (79%, P=0.026) and shallow (62.2%, P=0.035) radiation doses to which primary 
operators were exposed decreased significantly under the low-radiation protocol. These 
dose reductions were achieved without increasing the volume of contrast media, fluoros-
copy time, or rates of procedural complications, and without reducing the productivity of 
the laboratory.

Optimizing the radiation safety protocol effectively reduced radiation exposure in patients 
and operators during cardiac catheterization procedures. (Tex Heart Inst J 2019;46(3):167-71)

E xposure to ionizing radiation during cardiac catheterization procedures is a 
major concern for patients and for the clinicians who perform the procedures. 
Radiation exposure can result in long-term health effects, including skin and 

eye damage, and may cause certain forms of cancer by interacting with and altering 
cellular DNA.1-5

	 The deleterious effects of ionizing radiation on human tissue can be categorized 
into 2 types: deterministic and stochastic.6,7 Deterministic effects are characterized by 
a predictable dose-related increase in severity, which can be evaluated by means of air 
kerma (kinetic energy released per unit mass, AK), or radiation dose, measurements.8-11 
Stochastic effects follow a linear, no-threshold risk model, in which the risk of dam-
age to the irradiated tissue increases linearly with the amount of exposure. Stochastic 
effects are measured by dose-area product (DAP).7,8

	 Interventional cardiologists experience the highest annual radiation exposure of all 
health professionals.3 The excess lifetime cancer risk of an interventional cardiologist 
is 1 in 100.9 In recent years, radiation exposure during cardiac catheterization proce-
dures has attracted increasing attention among interventional cardiologists, who have 
a strong interest in reducing radiation doses during such procedures.2,5,7,10

	 Our objective was to investigate whether fine-tuning radiation safety protocols could 
reduce radiation doses without compromising the effectiveness of catheterization pro-
cedures in patients.

Patients and Methods

In early January 2016, the Innova® 2000 (GE Medical Systems) digital imaging sys-
tem in the cardiac catheterization laboratory at Hospital de Jerez was upgraded, and 
a new low-radiation protocol (LRP) was implemented.
	 As part of the upgrade, the Innova central touchscreen and in-room stenosis analysis 
were introduced. These tools provide simple access to key features throughout patient 
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examination. Other newly introduced features included 
image sharpness f ilters, which help to increase spatial 
resolution by up to 47%, and an advanced spatial de-
noising algorithm, to reduce noise level without degrad-
ing edge detection or the clarity of fine details.
	 The LRP consisted of reducing frame rates from 15 
to 7.5 frames/sec and switching the default f luoroscopy 
dose setting from normal to low. In addition, the cath-
eterization laboratory staff were advised to reduce ra-
diation exposure by using the LRP as much as possible.
	 We analyzed 170 consecutive catheterization proce-
dures, including percutaneous coronary intervention 
(PCI) procedures and diagnostic coronary angiographic 
procedures. Half of the procedures (n=85) were per-
formed before and half (n=85) were performed after 
implementation of the LRP.
	 The patients’ radiation dose reports included DAP, 
AK, total fluoroscopy time, and total procedural time. 
We also collected baseline patient and procedural char-
acteristics. Subgroup analyses were performed for pa-
tients undergoing only diagnostic angiography as well 
as for those undergoing PCI.
	 We also studied radiation exposure in the operators. 
There were no changes in operators or seasonal differ-
ences during the investigation period. Annual radiation 
exposure data were collected from the wrist and pocket 
dosimeters that operators used from 2012 through 2016. 
The operators typically used 0.35-mm lead aprons 
(except for operator 2, who used a 0.5-mm lead apron), 
thyroid collars, and protective eyewear with a lead equiv-
alence of 0.5 mm.
	 This study was conducted in compliance with the 
guidelines for human subjects research and was approved 
by an institutional review committee. All patients pro-
vided written informed consent.

Statistical Analysis
The Kolmogorov-Smirnov test was used to examine the 
normality of data distribution. Continuous variables, 
expressed as mean ± SD, were compared by using the t 
test or the Mann-Whitney U test, as appropriate. Cat-
egorical variables, expressed as number and percentage, 
were compared by using χ2 analysis or the Fisher exact 
test, as appropriate. Analysis of variance was used for 
multiple-group comparison. A P value <0.05 was consid-
ered statistically significant. SPSS version 22.0 (SPSS, an 
IBM company) was used for all statistical analyses.
	 Of note, AK levels in diagnostic procedures are sub-
stantially lower than those in PCI procedures (which 
are longer and more complex). Accordingly, the overall 
radiation dose (PCI plus diagnosis) was obtained not by 
adding PCI procedures plus diagnostic procedures, but 
rather by calculating AK from all procedures (PCI and 
diagnostic); therefore, the value is lower than that of the 
PCI procedures but higher than that of the diagnostic 
procedures.

Results

We retrospectively collected data for 170 consecutive 
patients who underwent cardiac catheterization at our 
institution from November 2015 through February 
2016. Of those patients, 110 (65%) underwent PCI 
procedures.
	 The original radiation protocol (ORP) was used in 
85 patients (56/85, 65.9% PCI procedures). The other 
85 patients (54/85, 63.5% PCI procedures) underwent 
catheterization after the new LRP was implemented in 
January 2016.
	 Table I shows the clinical and procedural character-
istics of the study population. Radial artery access was 
used to perform most of the procedures in both groups. 
There were no significant differences in patient charac-
teristics, complexity of the lesions, or major complica-
tion rates between the 2 groups.
	 Table II compares the radiation doses between the 
2 patient groups. We noted no statistically signif icant 
differences in the average volume of contrast media used 
during the procedures (Table I) or in fluoroscopy time 
(Table II).
	 Air kerma was significantly reduced during the PCI 
procedures performed in the LRP group; however, no 

TABLE I. Clinical and Procedural Characteristics of the 
Patients

	 ORP	 LRP	  
       Variable	 (n=85)	 (n=85)	 P  Value

Age (yr)	 66.9 ± 11	 64.2 ± 13	 0.16

Weight (kg)	 80.7 ± 14	 81.8 ± 14	 0.6

Body mass index (kg/m2)	 29.3 ± 5.3	 29.7 ± 4.7	 0.6

Female	 23 (27)	 23 (27)	 >0.99

Radial approach	 73 (86)	 74 (87)	 0.8

PCI	 56 (65.9)	 54 (63.5)	 0.7

Contrast volume (mL)	 161.3 ± 121	 152 ± 115	 0.4

PCI procedures (n=110, 65%)

Multivessel	 24 (28)	 24 (28)	 >0.99

Vessels treated/patient	 1.79 ± 0.7	 1.71 ± 0.8	 0.5

Left main	 2 (2.3)	 3 (3.5)	 0.6

Chronic total occlusion	 4 (4.7)	 3 (3.5)	 0.6

Rotational atherectomy	 0	 1 (1.1)	 0.3

Major complications	 0	 0		 >0.99

Contrast volume (mL)	 203 ± 128	 190 ± 126	 0.5
 
LRP = low-radiation protocol; ORP = original radiation protocol; 
PCI = percutaneous coronary intervention 
 

Data are expressed as mean ± SD or as number and percentage. 
P <0.05 was considered statistically significant.
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such reductions were noted during the diagnostic pro-
cedures (Fig. 1 and Table II).
	 Air kerma was reduced by 44.9% (95% CI, 18.4%–
70.8%; P=0.001) in the overall patient population (in-
cluding PCI and diagnostic procedures) and by 48.3% 
(95% CI, 21.2%–75.4%; P=0.001) in the PCI group. 
During PCI procedures, the LRP was even more effec-
tive in reducing DAP (61% reduction; 95% CI, 30.2%–
90.1%; P <0.001).
	 The operators’ personal dosimeters showed an average 
reduction of  79% in the annual deep dose for the year 
2016 compared with the 2015 dose (P=0.026), and a 
76.4% reduction when compared with the average dose 
for the years 2012 through 2015 (P=0.049). The average 
annual shallow dose in 2016 was also reduced by 62.2% 
when compared with the 2015 dose (P=0.035) and by 
58% when compared with the average dose for the years 
2012 through 2015 (P=0.02) (Table III).

Discussion

Radiation exposure during cardiac catheterization can 
result in substantial adverse health effects for patients 
and operators. The harmful effects of ionizing radiation 

include skin and eye damage, as well as certain forms of 
cancer consequent to the interaction of radiation with 
cellular DNA.1-5 Although advances in technology and 
fine-tuning of radiation safety protocols over the past 
decades have reduced radiation doses in patients and 
operators,2 the catheterization laboratory continues to 
be a significant source of radiation.7
	 Implementing our LRP, as well as stressing the impor-
tance of reducing radiation exposure to our operators, 
resulted in significant reductions in DAP and AK in 
our cardiac catheterization laboratory, without increas-
ing procedural complications, fluoroscopy time, or the 
volume of contrast media used during the procedures. 
Moreover, the productivity of the laboratory was not 
reduced, as illustrated by the volume of PCI cases and 
the number of complex PCI procedures (such as man-
agement of chronic total occlusion or left main interven-
tions) performed during the study period, as well as the 
number of treated vessels per patient in both groups. 

TABLE II. Comparison of Patients’ Radiation According to 
Protocol

       Variable	 ORP	 LRP	 P  Value

Total procedures	 85 (50)	 85 (50)	 <0.001 
(N=170)

AK (mGy)	 687 ± 748	 379 ± 379	 0.001

AK/Fluoroscopy time	 54.3 ± 22	 36.9 ± 22	 <0.001 
     (mGy/min)

AK/Contrast volume	 3.9 ± 2.4	 2.4 ± 1.3	 <0.001 
     (mGy/mL)

Procedural time	 37 ± 32	 38 ± 33	 0.8 
(min)

Fluoroscopy time	 12.9 ± 13	 13.5 ± 14	 0.7 
(min)

PCI (n=110, 65%)	 56 (51)	 54 (49)	 <0.001

     AK (mGy)	 922 ± 823	 476 ± 433	 0.001

     Dose-area product	 92 ± 78	 36 ± 35	 <0.001 
     (Gy·cm2)

Diagnostic (n=60, 35%)	 29 (48)	 31 (51)	 <0.001

     AK (mGy)	 231 ± 145	 210 ± 154	 0.5

     Dose-area product	 21 ± 19	 18 ± 16	 0.4 
     (Gy·cm2)
 
AK = air kerma; LRP = low-radiation protocol; ORP = original 
radiation protocol; PCI = percutaneous coronary intervention 
 

Data are expressed as number and percentage or as mean ± SD. 
P <0.05 was considered statistically significant.
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Fig. 1  Compared with the original radiation protocol (ORP), the 
low-radiation protocol (LRP) significantly reduced the A) air kerma 
and B) dose-area product levels in patients who had percutane-
ous coronary intervention. P <0.05 was considered statistically 
significant.
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Therefore, the LRP effectively reduced the overall radia-
tion exposure of patients and staff during interventional 
cardiovascular procedures.
	 The magnitude of AK reduction was 48.3% for pa-
tients who underwent PCI; the LRP was even more 
effective in reducing DAP (61%). The reduction in 
radiation doses after the implementation of our LRP 
was similar to data reported in previous studies. Wassef 
and colleagues7 noted a 48% reduction in AK during 
catheterization procedures after implementing a novel 
radiation-reduction protocol like ours.
	 By significantly decreasing DAP and AK, the LRP 
reduced the deterministic and stochastic effects of ra-
diation. These reductions were evident in the personal 
dosimeters of the operators, in which the annual shallow 
dose and especially the annual deep dose were signifi-
cantly reduced in the year 2016, after we implemented 
the LRP, compared with the previous years during 
which the ORP was used. The fact that the dose reduc-
tions were achieved by the same operators, who worked 
with both protocols, conf irms that the results were 
operator-independent.
	 Although no amount of radiation can be considered 
safe, proper use of ionizing radiation is a necessary step 
in all cardiac catheterization procedures. Optimizing 
radiation protocols in catheterization laboratories to 
improve the safety of patients and medical staff should 
become a priority. When it comes to protecting patients 
from the adverse effects of radiation exposure, all health 
professionals should be guided by the “as low as reason-
ably achievable” principle of radiation safety.2,9,12

Study Limitations
Our study has several limitations. The study was lim-
ited to a single center and included a small number of 
patients. It should be investigated whether our findings 
can be replicated in larger patient cohorts. In addition, 
the data were acquired consecutively instead of using 
randomization, which would minimize variability 
caused by operator availability and procedural work-

f low changes over time. Finally, some data from the 
operators’ dosimeters were not available.

Conclusions

Optimizing the radiation protocol effectively reduced 
the radiation exposure in patients and medical staff dur-
ing cardiac catheterization procedures.

Acknowledgments

We thank Dr. Arana-Granados for technical assistance 
and Drs. Oneto-Otero and Lara Shorbaji for perform-
ing some of the procedures.

References
  1.	 Judkins MP, Abrams HL, Bristow JD, Carlsson E, Criley JM, 

Elliott LP, et al. Report of the Inter-Society Commission for 
Heart Disease Resources. Optimal resources for examination 
of the chest and cardiovascular system. A hospital planning 
and resource guideline. Radiologic facilities for conventional 
x-ray examination of the heart and lungs. Catheterization-
angiographic laboratories. Radiologic resources for cardio-
vascular surgical operating rooms and intensive care units. 
Circulation 1976;53(2):A1-37.

  2.	 Christopoulos G, Makke L, Christakopoulos G, Kotsia A, 
Rangan BV, Roesle M, et al. Optimizing radiation safety in 
the cardiac catheterization laboratory: a practical approach. 
Catheter Cardiovasc Interv 2016;87(2):291-301.

  3.	 Rehani MM, Ortiz-Lopez P. Radiation effects in fluoroscopi-
cally guided cardiac interventions--keeping them under con-
trol. Int J Cardiol 2006;109(2):147-51.

  4.	 Ainsbury EA, Bouffler SD, Dorr W, Graw J, Muirhead CR, 
Edwards AA, Cooper J. Radiation cataractogenesis: a review 
of recent studies. Radiat Res 2009;172(1):1-9.

  5.	 Elmaraezy A, Ebraheem Morra M, Tarek Mohammed A, Al-
Habaa A, Elgebaly A, Abdelmotaleb Ghazy A, et al. Risk of 
cataract among interventional cardiologists and catheteriza-
tion lab staff: a systematic review and meta-analysis. Catheter 
Cardiovasc Interv 2017;90(1):1-9.

  6.	 Partridge J. Radiation in the cardiac catheter laboratory [pub-
lished erratum appears in Heart 2009;95(7):594]. Heart 
2005;91(12):1615-20.

TABLE III. Comparison of Operators’ Annual Radiation Doses According to Protocol

   Protocol

	

Exposure

			  Average Dose per Operator* (mSv)

(Time Period)	 Type	 1	 2	 3	 4	 5	 Mean ± SD

ORP (2012–2015)	 DD	 5.75	 0.55	 1.45	 5.3	 4.35	 3.48 ± 2.5 
	 SD	 104.75	 166.8	 42.7	 69.3	 150.45	 106.8 ± 52

ORP (2015)	 DD	 2.6	 0.5	 3.7	 7.2	 5.3	 3.86 ± 2.5 
	 SD	 108.5	 153.6	 31.8	 120 	 162.9	 118 ± 54.5

LRP (2016) 	 DD	 0.1	 —	 0.1	 0.6	 2.5	 0.82 ± 1.1 
	 SD	 15	 80.3	 18.4	 —	 64.9	 44.6 ± 32.9
 
DD = deep dose; LRP = low-radiation protocol; ORP = original radiation protocol; SD = shallow dose 
 

*Measured by personal dosimeters



Texas Heart Institute Journal Reduced Radiation during Cardiac Catheterization      171

  7.	 Wassef AW, Hiebert B, Ravandi A, Ducas J, Minhas K, Vo 
M, et al. Radiation dose reduction in the cardiac catheteriza-
tion laboratory utilizing a novel protocol. JACC Cardiovasc 
Interv 2014;7(5):550-7.

  8.	 Hirshfeld JW Jr, Balter S, Brinker JA, Kern MJ, Klein LW, 
Lindsay BD, et al. ACCF/AHA/HRS/SCAI clinical compe-
tence statement on physician knowledge to optimize patient 
safety and image quality in fluoroscopically guided invasive 
cardiovascular procedures. A report of the American Col-
lege of Cardiology Foundation/American Heart Association/
American College of Physicians task force on clinical compe-
tence and training. J Am Coll Cardiol 2004;44(11):2259-82.

  9.	 Picano E, Vano E. The radiation issue in cardiology: the time 
for action is now. Cardiovasc Ultrasound 2011;9:35.

10.	 Christopoulos G, Papayannis AC, Alomar M, Christakopou-
los GE, Kotsia A, Michael TT, et al. Determinants of operator 
and patient radiation exposure during cardiac catheterization: 
insights from the RadiCure (radiation reduction during cardi-
ac catheterization using real-time monitoring) trial. Catheter 
Cardiovasc Interv 2016;88(7):1046-55.

11.	 Koenig TR, Mettler FA, Wagner LK. Skin injuries from fluo-
roscopically guided procedures: part 2, review of 73 cases and 
recommendations for minimizing dose delivered to patient. 
AJR Am J Roentgenol 2001;177(1):13-20.

12.	 Chambers CE, Fetterly KA, Holzer R, Lin PJ, Blankenship 
JC, Balter S, Laskey WK. Radiation safety program for the 
cardiac catheterization laboratory. Catheter Cardiovasc Interv 
2011;77(4):546-56.


