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BACKGROUND: Consistent with the increasing prevalence of obesity 
in the general population, obesity has become more prevalent among 
patients undergoing cardiac catheterization. This study evaluated the 
association between patient body mass index (BMI) and physician 
radiation dose during coronary angiography.

METHODS AND RESULTS: Real-time radiation exposure data were 
collected during consecutive coronary angiography procedures. Patient 
radiation dose was estimated using dose area product. Physician radiation 
dose in each case was recorded by a dosimeter worn by the physician 
and is reported as the personal dose equivalent (Hp10). Patient BMI was 
categorized as <25.0, 25.0 to 29.9, 30.0 to 34.9, 35.0 to 39.9, and ≥40. 
Among 1119 coronary angiography procedures, significant increases in 
dose area product and physician radiation dose were observed across 
increasing patient BMI categories (P<0.001). Compared with a BMI <25, 
a patient BMI ≥40 was associated with a 2.1-fold increase in patient 
radiation dose (dose area product, 91.8 [59.6–149.2] versus 44.5 [25.7–
70.3] Gy×cm2; P<0.001) and a 7.0-fold increase in physician radiation 
dose (1.4 [0.2–7.1] versus 0.2 [0.0–2.9] μSv; P<0.001). By multiple 
regression analysis, patient BMI remained independently associated with 
physician radiation dose (dose increase, 5.2% per unit increase in BMI; 
95% CI, 3.0%–7.5%; P<0.0001).

CONCLUSIONS: Among coronary angiography procedures, increasing 
patient BMI was associated with a significant increase in physician 
radiation dose. Additional studies are needed to determine whether 
patient obesity might have adverse effects on physicians, in the form of 
increased radiation doses during coronary angiography.
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Based on recent estimates, greater than one-third 
of all adults in the United States are now obese.1 
Consistent with the high prevalence of obesity in 

the general population, obesity has become more prev-
alent among patients undergoing cardiac catheteriza-
tion.2 This rise in obesity has likely impacted radiation 
usage in the catheterization laboratory because obese 
patients undergoing fluoroscopic procedures receive 
greater radiation doses than nonobese patients.3–5 This 
increase in radiation dose is attributable to the increased 
energy required to overcome tissue attenuation and 
facilitate a sufficient number of photons reaching the 
image intensifier to generate adequate images.3–5

The greatest source of physician radiation exposure 
during cardiac catheterization comes from scatter ra-
diation emitted from the patient, which itself is pro-
portional to patient radiation dose.6 Because greater 
radiation doses are required to produce adequate 
images in obese patients, greater amounts of scatter 
radiation are emitted,3–5 and consequently, the obesity 
epidemic has the potential to alter the occupational 
risks of physicians performing cardiac catheterization. 
Patient body mass index (BMI) has been clearly shown 
to impact patient radiation dose during fluoroscopic 
procedures,3–5 yet the impact of patient BMI on the ra-
diation doses received by operating physicians is less 
well understood. The present study was performed to 
evaluate the association of patient BMI and physician 
radiation dose during coronary angiography.

METHODS
Study Population
The SHIELD study (Combining Robotic-Stenting and Proactive 
Shielding Techniques in the Catheterization Laboratory to 
Achieve Lowest Possible Radiation Exposure to Physicians and 
Staff) was a single-center prospective observational study, 
designed to investigate radiation exposure to physicians and 
staff members in the cardiac catheterization laboratory.7 The 
study was conceived, designed, and conducted by investigators 
of the Frederik Meijer Heart and Vascular Institute of Spectrum 
Health (Grand Rapids, MI). The local institutional review board 
approved the protocol, and all participants provided informed 
consent. On reasonable request, the data, analytic methods, 
and materials for this study will be made available to other 
researchers for purposes of reproducing the results.

Data were prospectively collected on consecutive cases in 2 
fluoroscopy suites having identical fluoroscopy systems (Allura 
Xper FD10 X-ray system; Philips, Amsterdam, the Netherlands). 
All cases having a start time between ≈8 am and 5 pm, Monday 
through Friday, were included in the study. Cases that did not 
utilize any radiation were excluded as specified in the study 
protocol. For the purposes of this analysis, only those proce-
dures in which coronary angiography was performed were 
included. Procedures not involving coronary angiography, in-
cluding stand-alone right heart catheterizations and pace-
maker implantations, were excluded from this analysis.

Radiation Monitoring
Real-time radiation exposure data were collected using a 
commercially available dosimetry system that contains a bed-
side monitor capable of displaying real-time radiation doses 
(RaySafe i2; Unfors RaySafe, Billdal, Sweden). Physicians and 
staff members were blinded to the monitor display and to the 
radiation data collected by the dosimeters for the duration of 
the study. During the study, each physician wore a dosimeter 
located on either the left anterior side of the glasses or on the 
left anterior side of the thyroid collar. According to standard 
operating procedure at the study institution, 2 shields were 
positioned between the patient and operating physician in all 
cases: a ceiling-mounted upper body lead shield with a pa-
tient contour cutout and a lower body lead shield attached to 
the side of the operating table extending from table to floor.6 
A radiation-absorbing disposable pad (RadPad; Worldwide 
Innovations & Technologies, Kansas City, MO) was utilized at 
the discretion of the operating physician and staff members.

Patient and Physician Radiation Doses
Radiation metrics recorded for each case included the fluo-
roscopy time, air kerma, and dose area product (DAP), which 
were automatically calculated by the fluoroscopy imaging 
system. Consistent with prior methodology, the patient radia-
tion dose per case was estimated by the DAP.4,8,9 Physician ra-
diation dose per case was the personal dose equivalent (Hp10), 
as recorded and reported directly by the dosimetry system.

Statistical Analysis
For the purposes of this analysis, patients were catego-
rized into the following subgroups based on BMI: <25.0, 

WHAT IS KNOWN
•	 Consistent with the increasing prevalence of obe-

sity in the general population, obesity has become 
more prevalent among patients undergoing car-
diac catheterization.

•	 Increasing patient body mass index results in 
higher patient radiation doses during coronary 
angiography.

•	 The greatest source of physician radiation expo-
sure during cardiac catheterization comes from 
scatter radiation emitted from the patient, which 
itself is proportional to patient radiation dose.

WHAT THE STUDY ADDS
•	 Among patients undergoing coronary angiog-

raphy, increasing patient body mass index was 
observed to be associated with a significant in-
crease in physician radiation dose.

•	 Whereas prior studies have documented the adverse 
health consequences of obesity on the patient, ad-
ditional studies are needed to determine whether 
patient obesity may have adverse health effects on 
physicians as well, in the form of increased radia-
tion doses during coronary angiography.
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lean; 25.0 to 29.9, overweight; 30.0 to 34.9, class I obe-
sity; 35.0 to 39.9, class II obesity; and ≥40, morbid obe-
sity. Descriptive statistics were used to summarize baseline 
characteristics and outcome measures. Normally distributed 
continuous variables are shown as mean±SD. Non-normally 
distributed continuous variables are shown as median 
(25th–75th percentile). Categorical variables are shown as 
count (%frequency). P values for comparison of continuous 
variables were derived from 2 sample independent t tests if 
data were normally distributed or from Wilcoxon rank-sum 
tests if data were not normally distributed. Levene test was 
used to assess for homogeneity of variance among any nu-
merical comparisons. P values for comparison of categorical 
variables were generated with a χ2 analysis or a Fisher exact 
test if the expected cell counts were <5 in >20% of the cells. 
P values for numeric relationship comparisons were pro-
duced using a Pearson correlation, and normality assump-
tions were checked. P values for the comparison of the 5 
BMI categories were derived from an ANOVA analysis when 
data were normally distributed and from a Kruskal-Wallis 
analysis when the data were non-normally distributed. To 
determine where the differences occurred between the 5 
groups, Bonferroni correction was used on Wilcoxon rank-
sum P values. A multiple regression analysis was completed 
using physician radiation dose as the response and testing 
BMI, age, radiation-absorbing pad, right heart catheteriza-
tion, fractional flow reserve (FFR), percutaneous coronary 
intervention (PCI), and radial access as the predictors. The 
multiple regression model needed to be log transformed for 
normality of residuals to be met. Then, a backward selection 
was completed to ensure all variables left in the model were 
significant at the P=0.05 level. All statistical analyses were 
generated using SAS (SAS Enterprise Guide software, ver-
sion 7.1; SAS Institute, Inc, Cary, NC).

RESULTS
Study Population
Between August 3, 2015, and February 26, 2016, ra-
diation data were collected in 1119 consecutive cases 
in which coronary angiography was performed. Of 
these, patient radiation doses were available in 1116 
(99.7%) cases, and physician radiation doses were 
available in 1114 (99.6%) cases. The characteristics 
of these procedures are summarized in Table 1. The 
distribution of patient BMI in the study population 
is presented in Figure 1. Overall, 17.0% of patients 
had a BMI <25.0, and 83.0% of patients were either 
overweight or obese. Obesity was present in 50.1% 
of patients, and morbid obesity was present in 9.6% 
of patients.

Patient and procedural characteristics according to 
BMI category are shown in Table 2. Across BMI catego-
ries, procedural characteristics were not significantly 
different for the frequency of right heart catheteriza-
tion (P=0.78), FFR (P=0.49), PCI (P=0.63), robotic PCI 
(P=0.97), radial access (P=0.10), or fluoroscopy time 
per case (P=0.26). The frequency of radiation-absorbing 

pad use increased significantly across increasing BMI 
categories (P=0.007; Table  2). When treating BMI as 
continuous variable, no significant differences were 
observed for patient BMI among cases with and without 
right heart catheterization (P=0.86), FFR (P=0.78), 
PCI (P=0.25), or robotic PCI (P=0.86). Patient BMI 
was significantly higher among cases with (31.4±6.9) 
compared with those without (30.0±6.2) use of a radi-
ation-absorbing pad (P=0.0003). Similarly, patient BMI 
was higher for cases with (31.3±6.8) compared with 
those without (30.2±6.3) use of radial access (P=0.01). 
A weak, negative correlation was observed between 
age and BMI (r=−0.17; P<0.0001).

Table 1.  Patient and Procedural Characteristics

 Total (N=1119)

Age, y 66.1±11.8

Height, cm 172.4±10.1

Weight, kg 91.7±21.3

BMI 30.8±6.6

Arterial access

 ������� Femoral access 479 (42.9)

 ������� Radial access 636 (56.9)

 ������� Brachial access 2 (0.2)

FFR 130 (11.6)

PCI 338 (30.2)

RHC 242 (21.6)

Radiation-absorbing pad 655 (59.0)

Fluoroscopy time, min 5.9 (3.2–11.1)

Air kerma, mGy 781 (527–1261)

DAP, Gy×cm2 63.8 (41.8–97.6)

Normally distributed values are shown as mean±SD. Non-normally distributed 
variables are shown as median (25th–75th percentile). Categorical values are 
shown as n (%frequency). BMI indicates body mass index; DAP, dose area 
product; FFR, fractional flow reserve; PCI, percutaneous coronary intervention; 
and RHC, right heart catheterization.

Figure 1. Distribution of body mass index (BMI) among the study 
population.  
Shown is the distribution of patient BMI in the study population, which con-
sisted of 1119 consecutive patients undergoing coronary angiography who 
met inclusion criteria.
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Impact of BMI on Patient Radiation Dose
A significant increase in both air kerma and DAP was 
observed across increasing patient BMI categories 
(P<0.001 for both; Table 3; Figure 2). Compared with 
a patient BMI <25, a patient BMI ≥40 was associated 
with a 2.1-fold increase in DAP (91.8 [59.6–149.2] 
versus 44.5 [25.7–70.3] Gy×cm2; P<0.001) and a 1.9-
fold increase in air kerma (1097 [795–2008] versus 571 
[343–830] mGy; P<0.001).

Patient radiation doses as determined by DAP and 
as stratified by diagnostic coronary angiography pro-
cedures and procedures involving PCI are provided in 
Table  3. Compared with diagnostic coronary angiog-
raphy procedures, those procedures involving PCI were 
associated with a 1.9-fold increase in DAP (101.7 [67.9–
156.1] versus 54.4 [36.9–76.7] Gy×cm2; P<0.001). 
Among diagnostic coronary angiography procedures, a 
BMI ≥40 was associated with a 2.2-fold increase in DAP 
compared with a BMI <25 (81.4 [58.7–120.0] versus 
36.2 [23.9–51.7] Gy×cm2; P<0.001). Among PCI proce-
dures, a BMI ≥40 was associated with a 2.6-fold increase 
in DAP compared with a BMI <25 (184.7 [114.8–249.1] 
versus 70.0 [45.0–103.2] Gy×cm2; P<0.001).

Impact of Patient BMI on Physician 
Radiation Dose
The median radiation dose per case for physicians was 
0.6 (0.1–5.2) μSv. A significant increase in physician 
radiation dose was observed across increasing patient 
BMI categories (Table 3; Figure 2). A patient BMI ≥40 
was associated with a 7.0-fold increase in physician 
radiation dose compared with a patient BMI <25 (1.4 
[0.2–7.1] versus 0.2 [0.0–2.9] μSv; P<0.001).

Physician radiation doses stratified by diagnostic 
coronary angiography procedures and those proce-
dures involving PCI are provided in Table 2. Compared 
with diagnostic coronary angiography, PCI proce-
dures were associated with a 2.4-fold increase in 
physician radiation dose (1.2 [0.1–11.2] versus 0.5 
[0.1–2.9] μSv; P<0.001). Among diagnostic coronary 

angiography procedures, a patient BMI ≥40 was asso-
ciated with a 5.0-fold increase in physician radiation 
dose compared with a patient BMI <25 (1.0 [0.1–4.6] 
versus 0.2 [0.0–2.8] μSv; P=0.008). Among PCI pro-
cedures, a patient BMI ≥40 was associated with a 
23.5-fold increase in physician radiation dose com-
pared with a patient BMI <25 (4.7 [0.3–10.8] versus 
0.2 [0.0–4.7] μSv; P=0.01).

By log-transformed multiple regression analysis, 
right heart catheterization (P=0.41) and radial access 
(P=0.34) were not significantly associated with physi-
cian radiation dose. The final log-transformed model 
showed that BMI (dose increase, 5.2% per unit in-
crease in BMI; 95% CI, 3.0%–7.5%; P<0.0001), age 
(dose increase, 1.3% per year of age; 95% CI, 0.1%–
2.5%; P=0.04), PCI (dose increase, 166.7%; 95% CI, 
98.0%–259.3%; P<0.0001), and FFR (dose increase, 
103.7%; 95% CI, 32.0%–214.2%; P=0.0013) were 
independently associated with an increase in physician 
radiation dose, and that use of a radiation-absorbing 
pad was independently associated with a decrease 
in physician radiation dose (dose reduction, 69.4%; 
95% CI, 59.4%–76.9%; P<0.0001; Table 4). Because 
of the observational nature of the study and the var-
iability among the data, the r-squared value of the 
model is low (0.13) and indicates low precision among 
the predictors.

DISCUSSION
The principal observation of the present study, which 
evaluated the association between patient BMI and the 
radiation dose of physicians performing coronary angi-
ography, was that increasing patient BMI was associ-
ated with an increase in physician radiation dose. This 
observation is consistent with the concept that higher 
patient radiation doses, which were also observed to 
increase in a stepwise fashion with patient BMI, result 
in higher amounts of scatter radiation, the primary 
source of radiation exposure to physicians performing 
cardiac catheterization.3–6 The observations made in 

Table 2.  Patient and Procedural Characteristics According to Patient BMI

 
BMI <25.0
 (n=190)

BMI,  
25.0–29.9 
(n=368)

BMI,  
30.0–34.9 
(n=314)

BMI,  
35.0–39.9 
(n=140)

BMI ≥40 
(n=107) P Value

Age, y 67.6±12.4 67.2±11.8 65.9±11.3 65.0±10.8 61.6±11.6 <0.001

Radial access* 99 (52.4) 197 (53.5) 193 (61.5) 82 (58.6) 67 (63.2) 0.10

FFR 19 (10.0) 48 (13.0) 34 (10.8) 20 (14.3) 9 (8.4) 0.49

PCI 63 (33.2) 112 (30.4) 94 (29.9) 43 (30.7) 26 (24.3) 0.63

RHC 42 (22.1) 73 (19.8) 73 (23.2) 33 (23.6) 21 (19.6) 0.78

Radiation-absorbing 
pad

101 (53.2) 196 (53.8) 193 (62.3) 93 (66.4) 72 (67.3) 0.007

Normally distributed values are shown as mean±SD. Categorical values are shown as n (%frequency). BMI indicates body 
mass index; FFR, fractional flow reserve; PCI, percutaneous coronary intervention; and RHC, right heart catheterization.

*The 2 brachial access cases were included and analyzed under this category.
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this study are concerning considering that long-term 
radiation exposure among interventional cardiologists 
has been linked to multiple adverse health effects10–14 
and that the prevalence of obesity in the cardiac cath-
eterization laboratory has been increasing over time.2 
Whereas obesity has been convincingly associated with 
health problems in patients,15 the present observations 
support the need for additional studies to determine 
whether patient obesity might have an adverse im-
pact on the health of treating physicians by exposing 
them to greater amounts of radiation during coronary 
angiography.

Impact of Obesity on Patient Radiation 
Dose
Consistent with prior observations indicating a high 
prevalence of obesity among patients undergoing car-
diac catheterization,2 >50% of the current study pop-
ulation was obese, and ≈10% of the study population 
was morbidly obese. Between 1998 and 2009, Buschur 
et al2 demonstrated that morbid obesity increased by 
91% among patients undergoing PCI. Supporting the 
concept that the increasing prevalence of obesity may 
exert a negative impact on patient radiation safety, the 
present study demonstrated a significant increase in 
patient radiation dose across increasing BMI catego-
ries. Comparable with the doubling of patient radia-
tion dose we observed among morbidly obese patients, 

Ector et al4 demonstrated a 2.2-fold increase in patient 
radiation dose in obese patients undergoing pulmonary 
vein isolation. Also similar to our findings, Shah et al5 
found obese patients undergoing coronary angiog-
raphy to have a radiation dose that was 2.5-fold higher 
than lean patients.

Patient Obesity and Physician Radiation 
Dose
Whereas morbid obesity was associated with a dou-
bling of the patient radiation dose compared with lean 
patients, we observed morbid obesity to be associated 
with a 7-fold increase in the physician radiation dose 
during coronary angiography procedures. Although the 
impact of patient BMI on the relative increase in physi-
cian radiation dose was seemingly greater than the im-
pact on patient dose, particularly in the PCI subgroup, 
this observation should be interpreted with caution 
owing to the small number of patients with a BMI ≥40. 
When considering this finding, it should be noted that 
the literature supports the concept that scatter radia-
tion at a fixed point is proportional to the DAP.8,9 This 
concept likely accounts for the observation that when 
physician radiation doses were normalized to DAP, no 
differences in the normalized radiation doses were 
observed across patient BMI categories. However, physi-
cian radiation dose is not solely dependent on DAP but 
rather depends on other factors as well, including the 

Table 3.  Patient and Physician Radiation Doses During Coronary Angiography Procedures According to Patient BMI

 BMI <25.0 BMI, 25.0–29.9 BMI, 30.0–34.9 BMI, 35.0–39.9 BMI ≥40 P Value

Fluoroscopy time, min 5.9 (2.9–11.4) 5.6 (2.9–10.5) 5.9 (3.5–10.8) 6.1 (3.3–13.0) 7.0 (3.5–11.8) 0.26

Air kerma, mGy 571 (343–830) 701 (476–1022) 851 (583–1357) 1014 (732–1606) 1097 (795–2008) <0.001

Patient radiation dose per case according to DAP

 ������� All procedures n=189 n=367 n=314 n=140 n=106  

  �������  DAP, Gy×cm2 44.5 (25.7–70.3) 56.0 (36.6–86.6) 69.1 (49.1–102.7) 77.8 (56.3–137.7) 91.8 (59.6–149.2) <0.001

 ������� Diagnostic angiography n=126 n=255 n=220 n=97 n=80  

  �������  DAP, Gy×cm2 36.2 (23.9–51.7) 46.0 (33.3–65.4) 62.0 (44.2–78.9) 70.2 (52.6–94.9) 81.4 (58.7–120.0) <0.001

 ������� PCI n=63 n=112 n=94 n=43 n=26  

  �������  DAP, Gy×cm2 70.0 (45.0–103.2) 90.6 (65.7–144.7) 116.7 (84.7–170.4) 142.2 (75.5–203.3) 184.7 (114.8–249.1) <0.001

Physician radiation dose per case

 ������� All procedures n=189 n=367 n=312 n=139 n=107  

  �������  Personal dose equivalent, μSv 0.2 (0.0–2.9) 0.5 (0.1–4.8) 0.8 (0.1–6.3) 1.0 (0.1–6.6) 1.4 (0.2–7.1) <0.001

  �������  Hp(10)/DAP (μSv/[mGy×cm2]×10−5) 0.5 (0.0–5.7) 0.9 (0.2–7.1) 1.0 (0.2–9.1) 1.0 (0.1–8.1) 1.3 (0.2–10.0) 0.12

 ������� Diagnostic angiography n=126 n=255 n=219 n=97 n=81  

  �������  Personal dose equivalent, μSv 0.2 (0.0–2.8) 0.4 (0.1–2.6) 0.6 (0.1–3.6) 0.9 (0.1–2.9) 1.0 (0.1–4.6) 0.051

  �������  Hp(10)/DAP (μSv/[mGy×cm2]×10−5) 0.5 (0.0–5.5) 0.8 (0.3–5.5) 0.8 (0.2–5.5) 1.0 (0.2–5.0) 1.0 (0.2–9.7) 0.62

 ������� PCI n=63 n=112 n=93 n=42 n=26  

  �������  Personal dose equivalent, μSv 0.2 (0.0–4.7) 1.0 (0.1–11.1) 2.0 (0.3–12.8) 1.8 (0.1–16.7) 4.7 (0.3–10.8) 0.020

  �������  Hp(10)/DAP (μSv/[mGy×cm2]×10−5) 0.4 (0.0–5.9) 0.9 (0.1–8.1) 1.4 (0.3–16.8) 1.2 (0.1–16.6) 3.2 (0.2–11.2) 0.12

Values shown are median (25th–75th percentile). BMI indicates body mass index; DAP, dose area product; Hp(10), personal dose equivalent; and PCI, percutaneous 
coronary intervention.
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distance between the physician and the patient, the de-
gree of lead shielding, and the time the physician spends 
in the zone of scatter radiation. Thus, it is conceivable 
that if any of these other factors is unfavorably impacted 
by increasing patient BMI, then physician radiation dose 
may increase out of proportion to the DAP alone. For 
instance, it is possible that patient body habitus, par-
ticularly among morbidly obese patients, may prevent 
optimal positioning of accessory lead shields in some 
cases. Clearly, additional studies are needed to better 
understand the impact of morbid obesity on physician 
radiation doses and to determine whether morbid obe-
sity has a disproportionate impact on physician radiation 
dose compared with patient radiation dose.

Radiation Safety in the Obesity Epidemic
We observed large relative increases in physician radiation 
doses across increasing patient BMI categories, yet the 
absolute increases in physician radiation dose per case 
across BMI categories were smaller. The results of the 
multiple regression analysis performed in this study also 
help to place the association between patient BMI and 
physician radiation dose into context, particularly with re-
spect to other clinical factors associated with physician 
radiation doses. For instance, whereas each 1-unit in-
crease in patient BMI was associated with a ≈5% increase 
in physician radiation dose, the performance of FFR and 
PCI was each associated with >100% increases in physi-
cian radiation dose. When interpreting these findings, it 

Figure 2. Patient and physician radiation 
doses per case during coronary angiog-
raphy according to patient body mass index 
(BMI).  
There was a stepwise increase in patient ra-
diation dose (A) and physician radiation dose 
(B) across increasing patient BMI categories. P 
values shown are for the trend. DAP indicates 
dose area product.
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is important to remember that the adverse health risks 
associated with occupational radiation exposure are likely 
related to the cumulative impact of small radiation doses 
obtained during the course of a physician’s career. Hence, 
it is the chronic repeated exposure to low doses of ionizing 
radiation that is thought to account for the increased inci-
dence of premature cataract formation,10–12 early carotid 
atherosclerosis,13 and possibly left-sided brain malignan-
cies14 among interventional cardiologists. Furthermore, 
evidence of a detectable acute DNA damage response 
in operators performing fluoroscopic procedures has re-
cently been demonstrated.16

Considering the increasing recognition of the health 
risks faced by interventional cardiologists, combined 
with the growing prevalence of obesity in the cathe-
terization laboratory, the observations of the present 
study perhaps call for more aggressive radiation safety 
practices in the era of the obesity epidemic. The ob-
servation that radiation-absorbing pads were used 
significantly more frequently across increasing BMI cat-
egories might indicate that operators were aware of 
the potentially higher rates of radiation exposure from 
obese patients and implemented additional protective 
strategies to reduce the exposure. Notably, use of a 
radiation-absorbing pad was associated with a ≈70% 
reduction in physician radiation dose in the multiple 
regression analysis. As another means to reduce ex-
posure, continued improvements in fluoroscopy equip-
ment should be encouraged. It is notable that novel 
fluoroscopy systems, such as those that utilize real-time 
image noise-reduction technology, have been demon-
strated to reduce radiation doses by ≈50% or more.17–20 
Additional studies will be required to determine the im-
pact of noise-reduction technology in the catheteriza-
tion of obese patients.

Limitations
The single-center, retrospective design of this analysis 
represents a significant limitation. That the distribution 

of body fat was not recorded among patients also rep-
resents a limitation because body fat distribution has 
been shown to influence radiation doses.3 Importantly, 
only adipose tissue located between the photon source 
and image intensifier will attenuate photons and 
thereby influence the patient radiation dose. Hence, for 
the same BMI, a patient with central obesity would be 
expected to have a greater dose and generate more 
scatter radiation than a patient whose body fat is pe-
ripherally distributed. The present study was limited in 
that it did not account for tube angulation, which is an 
important determinant of radiation dose to the patient 
and operator.4,5 Another limitation is that dosimeters 
could be worn by physicians on either the left anterior 
side of the glasses or on the left anterior side of the thy-
roid collar. This variable placement of dosimeters may 
have impacted the study results. The study is also lim-
ited considering that use of radiation-absorbing pads 
differed significantly across BMI categories. The lack of 
control in the study design regarding radiation-absorb-
ing pad use may have introduced bias into the results. It 
should be noted, however, that large increases in phy-
sician radiation doses were observed, despite more fre-
quent use of radiation-absorbing pads across increasing 
patient BMI categories. There are additional limitations 
to consider in regard to the radiation dosimeters worn 
by physicians in this study. These dosimeters, which are 
not intended to be legal dosimeters of record, have 
been shown to have directional dependence and large 
relative changes between doses recorded in the low 
region. These factors may have influenced the study 
results. Finally, the use of DAP to estimate patient dose 
rather than calculating effective doses for patients may 
be considered a limitation. However, the calculation of 
effective dose for patients is performed using a con-
version coefficient that does not account for patient 
BMI.5 Furthermore, it was previously demonstrated that 
increases in the calculated effective doses for patients 
were smaller than the corresponding increases in DAP 
values across increasing BMI categories.4 Based on this 
prior finding, the relative increase in patient radiation 
dose across BMI categories reported in the present 
study would have been smaller if patient dose was esti-
mated using effective dose rather than DAP.

Conclusions
Among patients undergoing coronary angiography, 
increasing patient BMI was observed to be associated 
with a significant increase in physician radiation dose. 
Whereas prior studies have documented the adverse 
health consequences of obesity on the patient, addi-
tional studies are needed to determine whether patient 
obesity may have adverse health effects on physicians 
as well, in the form of increased radiation doses during 
coronary angiography.

Table 4.  Variables Independently Associated With Log of Physician 
Radiation Dose by Multiple Regression Analysis

 ∆%Exposure β P Value

PCI 166.7 (98.0 to 259.3) 0.98 (0.68 to 1.28) <0.0001

FFR 103.7 (32.0 to 214.2) 0.71 (0.28 to 1.15) 0.0013

BMI 5.2 (3.0 to 7.5) 0.05 (0.03 to 0.07) <0.0001

Age, y 1.3 (0.1 to 2.5) 0.01 (0.0 to 0.02) 0.0409

Radiation-
absorbing pad

−69.4  
(−76.9 to −59.4)

−1.18  
(−1.47 to −0.90)

<0.0001

For the categorical variables PCI, FFR, and radiation-absorbing pad, the 
Δ% exposure values represent the percentage change in exposure when 
the variable was present. For the continuous variables BMI and age, the Δ% 
exposure values represent the percentage change in exposure per 1-unit 
increase in BMI or year of age, respectively. β values were obtained from the 
regression model. BMI indicates body mass index; FFR, fractional flow reserve; 
and PCI, percutaneous coronary intervention.

D
ow

nloaded from
 http://ahajournals.org by on January 3, 2019



Madder et al; Patient BMI and Physician Radiation Dose

Circ Cardiovasc Interv. 2019;12:e006823. DOI: 10.1161/CIRCINTERVENTIONS.118.006823� January 2019 8

ARTICLE INFORMATION
Received April 19, 2018; accepted November 28, 2018.

Correspondence
Ryan D. Madder, MD, Frederik Meijer Heart and Vascular Institute, Spectrum 
Health, 100 Michigan St NE, Grand Rapids, MI 49503. Email ryan.madder@
spectrumhealth.org

Affiliations
Frederik Meijer Heart and Vascular Institute, Spectrum Health, Grand Rapids, 
MI.

Sources of Funding
This work was partially funded by a research grant from Corindus Vascular 
Robotics (Waltham, MA).

Disclosures
Dr Madder has received research grants (significant) and served on the advisory 
board (significant) of Corindus Vascular Robotics. The other authors report no 
conflicts.

REFERENCES
	 1.	 Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and 

adult obesity in the United States, 2011-2012. JAMA. 2014;311:806–
814. doi: 10.1001/jama.2014.732

	 2.	 Buschur ME, Smith D, Share D, Campbell W, Mattichak S, Sharma M, 
Gurm HS. The burgeoning epidemic of morbid obesity in patients under-
going percutaneous coronary intervention: insight from the Blue Cross 
Blue Shield of Michigan Cardiovascular Consortium. J Am Coll Cardiol. 
2013;62:685–691. doi: 10.1016/j.jacc.2013.06.004

	 3.	 Yanch JC, Behrman RH, Hendricks MJ, McCall JH. Increased radiation 
dose to overweight and obese patients from radiographic examinations. 
Radiology. 2009;252:128–139. doi: 10.1148/radiol.2521080141

	 4.	 Ector J, Dragusin O, Adriaenssens B, Huybrechts W, Willems R, Ector H, 
Heidbüchel H. Obesity is a major determinant of radiation dose in patients 
undergoing pulmonary vein isolation for atrial fibrillation. J Am Coll 
Cardiol. 2007;50:234–242. doi: 10.1016/j.jacc.2007.03.040

	 5.	 Shah A, Das P, Subkovas E, Buch AN, Rees M, Bellamy C. Radiation dose 
during coronary angiogram: relation to body mass index. Heart Lung Circ. 
2015;24:21–25. doi: 10.1016/j.hlc.2014.05.018

	 6.	 Fetterly KA, Magnuson DJ, Tannahill GM, Hindal MD, Mathew V. Effective 
use of radiation shields to minimize operator dose during invasive car-
diology procedures. JACC Cardiovasc Interv. 2011;4:1133–1139. doi: 
10.1016/j.jcin.2011.05.027

	 7.	 Madder RD, LaCombe A, VanOosterhout S, Mulder A, Elmore M, Parker 
JL, Jacoby ME, Wohns D. Radiation exposure among scrub technolo-
gists and nurse circulators during cardiac catheterization: the impact of 
accessory lead shields. JACC Cardiovasc Interv. 2018;11:206–212. doi: 
10.1016/j.jcin.2017.07.026

	 8.	 Christopoulos G, Makke L, Christakopoulos G, Kotsia A, Rangan BV, 
Roesle M, Haagen D, Kumbhani DJ, Chambers CE, Kapadia S, Mahmud 
E, Banerjee S, Brilakis ES. Optimizing radiation safety in the cardiac cath-
eterization laboratory: a practical approach. Catheter Cardiovasc Interv. 
2016;87:291–301. doi: 10.1002/ccd.25959

	 9.	 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;77:546–556. doi: 10.1002/ccd.22867

	10.	 Ciraj-Bjelac O, Rehani MM, Sim KH, Liew HB, Vano E, Kleiman NJ. Risk for 
radiation-induced cataract for staff in interventional cardiology: is there 
reason for concern? Catheter Cardiovasc Interv. 2010;76:826–834. doi: 
10.1002/ccd.22670

	11.	 Vano E, Kleiman NJ, Duran A, Rehani MM, Echeverri D, Cabrera M. 
Radiation cataract risk in interventional cardiology personnel. Radiat Res. 
2010;174:490–495. doi: 10.1667/RR2207.1

	12.	 Andreassi MG, Piccaluga E, Guagliumi G, Del Greco M, Gaita F, 
Picano E. Occupational health risks in cardiac catheterization lab-
oratory workers. Circ Cardiovasc Interv. 2016;9:e003273. doi: 
10.1161/CIRCINTERVENTIONS.115.003273

	13.	 Andreassi MG, Piccaluga E, Gargani L, Sabatino L, Borghini A, Faita F, 
Bruno RM, Padovani R, Guagliumi G, Picano E. Subclinical carotid ath-
erosclerosis and early  vascular aging from long-term low-dose  ionizing 
radiation exposure: a genetic, telomere, and vascular ultrasound study 
in cardiac  catheterization laboratory staff. JACC Cardiovasc Interv. 
2015;8:616–627. doi: 10.1016/j.jcin.2014.12.233

	14.	 Roguin A, Goldstein J, Bar O, Goldstein JA. Brain and neck tumors 
among physicians performing interventional procedures. Am J Cardiol. 
2013;111:1368–1372. doi: 10.1016/j.amjcard.2012.12.060

	15.	 Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. Obesity and car-
diovascular diseases: implications regarding fitness, fatness, and severity 
in the obesity paradox. J Am Coll Cardiol. 2014;63:1345–1354. doi: 
10.1016/j.jacc.2014.01.022

	16.	 El-Sayed T, Patel AS, Cho JS, Kelly JA, Ludwinski FE, Saha P, Lyons OT, 
Smith A, Modarai B; Guy’s and St Thomas’ Cardiovascular Research 
Collaborative. Radiation-induced DNA damage in operators performing 
endovascular aortic repair. Circulation. 2017;136:2406–2416. doi: 
10.1161/CIRCULATIONAHA.117.029550

	17.	 Dekker LR, van der Voort PH, Simmers TA, Verbeek XA, Bullens RW, Veer MV, 
Brands PJ, Meijer A. New image processing and noise reduction technology 
allows reduction of radiation exposure in complex electrophysiologic inter-
ventions while maintaining optimal image quality: a randomized clinical trial. 
Heart Rhythm. 2013;10:1678–1682. doi: 10.1016/j.hrthm.2013.08.018

	18.	 Wassef AW, Hiebert B, Ravandi A, Ducas J, Minhas K, Vo M, Kass M, 
Parmar G, Hussain F. Radiation dose reduction in the cardiac catheter-
ization laboratory utilizing a novel protocol. JACC Cardiovasc Interv. 
2014;7:550–557. doi: 10.1016/j.jcin.2013.11.022

	19.	 Christopoulos G, Christakopoulos GE, Rangan BV, Layne R, Grabarkewitz 
R, Haagen D, Latif F, Abu-Fadel M, Banerjee S, Brilakis ES. Comparison 
of radiation dose between different fluoroscopy systems in the modern 
catheterization laboratory: results from bench testing using an anthro-
pomorphic phantom. Catheter Cardiovasc Interv. 2015;86:927–932. doi: 
10.1002/ccd.26007

	20.	 Kastrati M, Langenbrink L, Piatkowski M, Michaelsen J, Reimann D, 
Hoffmann R. Reducing radiation dose in coronary angiography and 
angioplasty using image noise reduction technology. Am J Cardiol. 
2016;118:353–356. doi: 10.1016/j.amjcard.2016.05.011

D
ow

nloaded from
 http://ahajournals.org by on January 3, 2019

mailto:ryan.madder@spectrumhealth.org
mailto:ryan.madder@spectrumhealth.org



