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Reduction in Radiation Exposure
During Coronary Angiography
Margot L. Carpenter, 8SRT, Peggy R. Singer, RT,
Avanindra Jain, mp, and Gregory J. Dehmer, MD

in addition to lead shielding, increased distance between the
operator and x-ray source will lower radiation exposure. To uti-
lize this principle, we interposed a 24 in. piece of pressure tub-
ing between the catheter used for coronary angiography and
the manifold apparatus. Radiation exposure to the hand of the
operator during coronary angiography was compared with and
without the extension tubing. When corrected for the differ-
ences in exposure time, operator exposure was 5.38 mrem/min
without the extension and 4.84 mrem/min with the extension.
Although this is a small difference in exposure/min, a substan-
tial reduction in exposure could accumulate over a 1 yr period.
insertion of this extension tube into the catheter system is a
simple and sate way to turther reduce operator exposure during
coronary angiography.
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INTRODUCTION

Several studies have documented the amount of radi-
aion exposure to medical personnel during diagnostic
cardiac catheterization and interventional procedures [ 1-
3]. During diagnostic procedures. the majority of oper-
ator exposure oceurs during cineangiography and ‘is de-
nved trom scattered radiation around the angiography
wble. Compared with fiuoroscopy. the radiation dose
during cineangiography is roughly 10-fold higher (5.
Radiauon exposure may be decreased by limiting the
duration of exposure. maximizing the use of external
shielding. and increasing the distance of personnel from
the x-rav source. Using the latter of these principles, we
report a practical and effective method to turther lower
operator exposure during coronary angiography.

MATERIALS AND METHODS

X-ray exposure during coronary angiography was
measured during a | mo period in which no adjustments
in x-ray output (wR/cineframe) were made. All proce-
dures were performed by the femoral approach and were
randomly allocated to 1 of 2 different methods to connect
the coronary catheter to the pressure manifold. With
method A. the coronary catheter was connected directly
v the pressure manifold: with method B. a 24 in. piece
of clear plastic pressure tubing with rotator device was
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interposed between the catheter and manifold (Fig. 1).
Coronary angiography was performed by 2 operators.
Operator 1 manipulated the catheter into the coronary
artery ostium while operator 2 monitored the arterial pres-
sure and injected small amounts of contrast agent o assist
in catheter placement. During manipulation of the cath-
eter into the coronary artery using fluoroscopy, operator
| was in close proximity to the x-ray tube. Catheter
manipulations with the extension tubing were accom-
plished easily due to the rotator device. After the catheter
was engaged satisfactorily into the coronary artery. op-
erator | stepped back from the x-ray source and stood
behind operator 2. Therefore with the extension tubing
{method B). operator 2 couid stand approximately 2 ft
farther from the x-ray source compared with Method A.

Radiation exposure to an unprotected arca of operator
2 was compared for the 2 different methods by using a
ring-mounted lithtum fluonde thermoluminescent do-
simetry chip. This was placed on the 4th finger of the left
hand of operator 2 before insertion of the 1st catheter for
coronary arteriography. In all cases. the left hand of
operator 2 was closest to the x-ray source. The ning do-
simetry chip was removed after completion of the last
coronary cineangiogram and stored in a lead contatner
between procedures. Standard radiation protection mea-
sures used on all procedures included lead aprons cov-
ering both the front and back of the operator. thyroid
collars. fcad glasses with side shields. and a ceiling-
mounted radiation screen that was interposed between
the patient and operator.

Radiation exposures were monitored independently for
cach method. After completion of the study period. cu-
mulative radiation exposure to the chips was determtned
by using standard techniques (Siemens Gammasonics.
Inc.. Health Physics Services. Des Plaines. IL). Vanables
were recorded during-each procedure which allowed cal-
culation of the exposure rate to the ring dosimetry chip for
cach method. All cineangiograms were performed at 30
frames/sec by ysing a 7 in. image-intensifier field size.
Although individual projections were adjusted for the
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TABLE 1. Procedure Variables and X-Ray Exposure Rates

Method
A B

Patienistn) 16 18
Average exposure time/patient

procedure (rmin)* s =74 NS 1.8 = 8.2
Total coronary angiograms

pertormed (n) 164 176
Coronary angiograms

performed/patient study (n) 102 = 3.0 NS 98 =30
Average time 0f exposure/coronary

angrogram (sec)” 6.80 6.96
Average cineangiography exposure

timerpatient (sec) 69.7 = 204 NS 68.1 = 21.0

jangiograms per patient (n) X ave. ime of
exposuresangiogram|
Total exposure time ot coronary

aincangiography tor all case (min) ) 18.59 20.65

[total angtograms (0 < tume per angrogram|
E.xposure rate (mremvnun 5.3% 484

|chip reading (mrems) = (otal exposure time tmini|

“Includes abl Huoroscopy and cincangrography expasure trom the begianing to the end ot the entire catheter-

1zation procedure.

"Determined trom a random sampie of 30 individual coronary angiograms pertormed by cach method.

optimum visuahization of the anatomy in a patient. the
same series of views were used in both groups. Generally.
this consisted of 4 right anterior oblique and 3 lett anterior
obligue images of the left coronary system with varying
degrees of cramal and caudal angulation and 2 or 3 views
ot the night coronary artery 1n nght and lett anterior
oblique projections. Ditferences between: groups were
compared with a Student’s t-test: P2 0.05 was considered
sieiticant.

RESULTS

Total exposure to the dosimetry chip worn during
method A and method B was identical. 100 mrem tor
cach chip during the study period. but was accumulated
over a greater number of patients with method B. The
exposure rate was derived by correcting the total expo-
sure by the estimated time of exposure to the dosimetry
chip. When the total exposure was corrected for the dif-
ference in exposure time. method B had a lower expo-
sure rate to the dosimetry chip during the study period
(Table 1). The exposure ratc for method B was 4.84
mremvmin compared with 5.38 mremvmin for method A.
Although this difference may seem small. the cumulative
effects over a | yr period could be considerable as dem-
onstrated in Table 11

DISCUSSION

The use of protective lead apparel. lead-impregnated
glasses. and external radiation shields are strongly rec-

Fig. 1. Catheter connection to pressure manifoid used fo
method A (top) and for method 8 (bottom.) With method B, a 2
in. pressure tubing and separate rotstor device are interpose«
between the coronary catheter and pressure manifold. Whe:
fully extended, the operator can stand a greater distance fror
the source.



1ABLE II: Potential Long-Term Reduction in Radiation
gxposure by Method B

rsumated reduction in radiation exposure raie = 0.53 mremvmin
Assuming a total cineangiography exposure time of 70 sec/procedure
(10 coronary cineanglograms/patient x 7 sec of exposurescineangio-
gram), the decrease 1n exposure/procedure would be:
0.53 mremvmin = | 17 minuterprocedure = (1.62 mrenvprocedure
it a physician were to perform 500 procedures: year the decrease 1n
exposure would be:

0.62 mrenvprocedure x SO0 = 310 mrenvyr

ommended during cardiac catheterization and were rou-
uncly used in this study [4]. When properly used. these
Jevices can substantially diminish radiation exposure to
the operator despite close proximity to the x-ray source.
However. certain arcas of the body including the upper
oxtremities and head are difficult to protect. Therctore.
ae evaluated the etfects of the extension device on ex-
posure to the operator’s hand which was closest to the
ray source. Use of the extension connector device al-
lowed the operator to increase distance trom the radiation
wurce and reduced hand exposure during coronary an-
sography. Although not specitically evaluated radiation
cxposure o other unshiclded arcas would likely de-
R (L

The radiation exposure rates calculated in this study
may slightly overestimate the actual exposure ratc. This
occurred because the ring dosimetry chip was worn not
onlv during cincangiography of the coronary anteries. but
abo during fluoroscopy when projections were aligned
and coronary catheters were manipulated. However. the
exposure tme used for the calculation of exposure rate
was derived only trom the time of cineangiography ex-
posure and neglected the ume ot exposure during fluo-
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copy is lower und the measured cincangiography and
total x-ray exposurc times were not different for the 2
methods. this overestimation would have a minimal ef-
fect on the determination of the difference in exposure
fate between the methods.

Because radiation exposure decreases in proportion to
the square of the distance from the x-ray source. it has
been recommended that all non-essential personnel leave
the procedurc room during cineangiography -and those

roscopy. Since the potential for exposure duning fluoros-.
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remaining in the room be located as far away as practical
from the x-ray source [4]. The method described in this
study exploits this principle to lower exposure to the
operator. implied in the description of this method is the
requirement that the coronary catheter engage the ostium
of the vessel in a stable and safe manner. Although sit-
uations may develop where it is necessary 1o manually
control catheter position during cineangiography, this is
usually unnecessary when preformed catheters are used
from the femoral approach. Use of the extension tubing
device does impose extra connections in the injection
systern and thus introduces an additional potential source
for air or fluid leakage. Although this could occur.
proper attention to the luer-lock fittings makes the actual
risk of this complication negligible. In our experience
with this device. which now exceeds 500 cases, air em-
bolization has not occurred, catheter manipulations have
not been more difficult, and therc have been no compli-
cations directly related to the use of this device. Al-
though it is difficuit to recommend specific protective
measures which are applicable to all procedures and lab-
oratories. this simple modification could result in re-
duced long-term radiation exposure to medical personnel
during diagnostic coronary cineangiography.
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