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I, I NTRODUCTI ON

GCinefluorographic examnations are wdely enployed
for cardiovascular examnations in which it is necessary
to docunent dynam’ccf)hysiol ogi cal functions such as heart
function and bl oo flow. Although it is a useful
di agnostic tool, a cine exanmination has the potential of
producing relatively high radiation exposure levels to
both the patient and the medical personnel conducting the
exan nation.

The basic reason for the relatively high exposure
values is that the exam nation consists of a |arge nunber
of high quality cine imges which are obtained with
relati ve\INK hi gh radiation exposures. An addi tional
factor ich contributes to the exposure to the nedical
personnel is that in many cine exam nations, it is
difficult to shield the scattered radiation effectively
in some of the x-ray beam projections.

The radi ol ogi cal physicist is often called on to
evaluate specific cine systems wth respect to patient
and personnel  exposures. The purpose of this report is
to describe a  procedure for conducting such an
evaluation. By wusing a standardized procedure it then
becomes possible to iInterconpare various systems and to
conpar e specific systems to accepted nor ns and

standards" %

Excessi ve levels of radiation in the cardiac
catheterization procedure, both to the patient and to the
| aboratory environment are often traced to inproper
adjustnent and/or use of the following major factors: (1)
the cine imaging chain, (2) the automatic cine film

processor, (3) sel ection of cine f1 uorographic

t echni ques, (4) excessive beam "ON' tine, either

fluoroscopy or cine filmng, and (5) inproper room
| ayout .

The first factor, the cine imging chain, can be
eval uat ed through the nmeasurenment of t he i mage
intensifier i nput exposur e sensitivity (I'11ES).
Establ i shnment of a standard nmeasurenment protocol for
II'ES is one of the main efforts in this report. Quality

assurance nonitoring of the cine automatic film processor

reduces many  probl ens associ at ed Wi th cine film
processing. Sel ection of the cine f 1 uorographic

techniques should be reviewed fromtime to tine to assure
optimzed wutilization of the equipnment capability: for

exanple, use of lower filmng rate, or selection of a
hi gher speed cine film etc. may result in lower x-ray
technique factors for cine filnming and reduce scattered
radiation from the patient. However, clinical conditions
may limt the range of selections of cine fl uor ogr aphi c

techniques in favor of the imge quality required.

This report begins with a general description of



cine systens. This is followed with a discussion of the
factors  which have an_ effect on both patient and

per sonnel exposures. ~ The report continues with a
description of the instrumentation and procedures for
conducting an evaluation of the [IIIES, the patient

exposure, and the personnel exposure. _The interpretation
of the evaluation results is then discussed follow ng
each physical parameter of interest.

1. SYSTEM DESCRI PTI OV

The conponents conprising a basic cine systemare
depicted in Figure 1. Mst of the components such as the
x_-raY tube, image intensifier tube and power supply are
simlar to the conponents of a conventional fluoroscopic
system A possible exception is a higher heat storage
capacity x-ray tube. Two conponents which are not found
in conventional fluoroscopic systenms are the cine canera
and the automatic exposure control (AEC) circuitry for
ci ne fluorography.

A bi-plane cine imging configuration utilizing a
suspended C-armor a ceiling suspended lateral plane cine
imaging system for exanple, may be found in the cardiac
catheterization |aboratories in addition to the basic
single plane system Al though the lateral plane increases
the  nechani cal and el ectronical conmpl exity of the
equi pnent, it is basical I%/ a duplication of the single
pl ane cine systemin terns of the operation.

II-A Cine Canera

In the cine system the image is recorded on 35 mm
film by means of a motor driven canera. |In a typical
system the x-ray beamis pulsed so that the production
of Xx-radiation is synchronized with the cine canera

shutter novenents. The canmera speed is selected by the
operator, and the framing rate is in the range of 15-90
frames per second depending on the type O exaninations
and patients, i.e., adult or pediatric. The anount of

light requi red is deternined by the sensitivity (speed)
of the cine filmand the cine canera lens f-stop (the
aperture size). -The focal Iength of the canera lens
determines the degree of franming or matching between the
imge presented at the output phosphor of the inage

intensifier and the film area"?

|1-B. The Automatic Exposure Control (AEC) System

~ The AEC circuitry of typical cine systens is
designed to maintain a constant light level at the imge



intensifier output phosphor during cine filnming. The
basic operational purpose of the cine AEC circuitry is,
therefore, sinilar to that of the photofl uorographic spot
film camera and radiographic AEC devices. The conplexity
and sophistication of the cine AEC systens is somewhat
greater and deserves careful st ud&l

Because of the generator designs and the method of
achieving the constant light level at the output phosphor
of an image intensifier, the nmeasurenent procedure may
have to be tailored to each specific type of equi pnent.
This report attenpts to enconpass all possible cine AEC
| ogics by describing the cine system parameters that nust
he taken into account. Its purpose is to generate a
standard protocol that can be applied to nobst cine
i magi ng systens.

e TELEVIS|ON CAMERA

OPTICAL DISTRIBUTER
— CINE CAMERA

IMAGE INTENSIFIER

ANTI - SCATTER GRID  smssssemeassasmns :ihzmp

h

——— EXAMINATION TABLE

X- RAY TUBE

Figure 1. Schematic Illustration of A Cine
Fl uor ographi c | magi ng System



I11-C. Cine System Paraneters

The conplexity of the cine AEC systemis primarily
due to the nunmber of variables and/or paraneters involved
in the cine filmng. A change in any of the paraneters
listed in Table | wll alter the light output of the
imge intensifier, and therefore results in a difference
in the cine filmexposure.

A typical cine system equipped with an AEC device
utilizes one or two of the cine technique paraneters to
attain the const ant I'i ght output from the imge
intensifier. The comonly enployed paraneters are: (a)
the x-ray tube potential, (b) the x-ray tube current, or
(c) the cine pulse width. OQher paraneters include: (d)
cine filning rate, (e) focal spot size, and (f) cine run
time may be considered secondary paraneters and are often
preset or pre-determ ned.

TABLE |I. CINE PARAMETERS

ltem Physi cal Typi cal Range

Par anmet er s in Cinical Case
(a) X-ray Tube Potenti al 60 - 120 kVp
(b) X-ray Tube Current 100 - 800 mA
(c) Cine Pulse Wdth 1 - 5 nsec
(d) Cine Filmng Rate 15 - 90 frames/sec
(e) Focal Spot Size 0.3 M - 1.2 mm

(Power Rating) (10 kW - 100 kW

(f) Cine Run Time * 8, 10, 12, 15 seconds
(g) Image Intensifier 6"-14" (12 cm- 35 cn

Mode (single or nmulti nodes)
(h) Gne Film Size ** 35 mm (16 mm

*For sone special applications (such as for
speech therapy and research ) a cine run
time of 120 seconds may be used, but is not
applicable for cardiac catheterization.
**Practically speaki ng, al | cardi ac
catheterization studies are now recorded
with 35 mm ci ne caneras.

I1-D. Description of G ne AEC System

The circuitry utilized in the AEC system varies with
the manufacturer and the particular nodels of generators.
A schematic block diagram of a typical cine AEC system



utilizing the x-ray tube potential as the principal
variable is depicted in Figure 2. It should be noted that
in many cases only one of the parameters in BLOCK A is
enpl oyed as the principal variable of the AEC system

CINE CAMERA

CINF CAMERA CONTROL CINE $1070G HATE
AND SYNCHRONIZATION SELECTOR

CINE AEC AMPLIFIER
OPTIC
« AL
w SENSOR
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2
w
=
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w
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Figure 2. Schematic Bl ock Diagram of G ne
Automati ¢ Exposure Control System

Adapted from P.P. Lin, "Acceptance Testing of
Cine lmaging Systenms for Cardiac Catheterization
Laboratories," in AAPM Proceedings Series No. 1,
Acceptance Testing of Radiol ogical |maging

EgUI EfTEnt, Ref. # 3.




Figure 2 is divided in three colums: the hardware
on the left, the electronic and the electro-mechanical
controls in the center, and the user selectors on the
right. BLOCK A contains the mcroprocessors and/or the
program ng boards which interface the selected factors in
the right colum with the respective el ectro-nechanical
circuits in the center colum.

Let us follow the sequence of setting up the cine
filmng technique factors for an adult patient undergoing
a cardiac catheterization exam nation:

CINE FILM NG SELECTOR set to 30 franmes/sec.
The "CINE CAMERA CONTROL AND SYNCHRONI ZATI ON st and
ready for cine filmng and the actual cine filning
rate along wth the synchronization pulses are sent
to BLOCK A for timng adjustnents of x-ray pul ses.
The cine filmng rate will significantly affect the
total heat units to be stored at the anode, and hence
the selected cine filnming rate information is fed to
BLOCK B for pre-exposure cal cul ations.

(2) The FOCAL SPOT SIZE may also be selected with
the sane pushbutton as the cine filmng rate
sel ector. The power rating of the focal spot size
determines the instantaneous heat |oading allowable
to the anode, therefore, this information is fed to
the kVp-CONTROL UNIT, and the mA-CONTROL UNIT in
BLOCK A as well as the POAER RATING CHECK in BLOCK B.
Let us assume that the large focal spot size is
selected and is rated at 1.2 mmnominal and 100 kW
The interface between BLOCK A and BLOCK B will becone
apparent when the cine exposure is made.

(3) The PULSE WDTH SELECTOR determines the cine
pulse width to be enployed for each cine fram
exposure. The allowable range of pulse width is
limted by the time required for proper film
transport I1n the <cine canmera and the cine filnming
rate. Wth the cine filnmng rate selected at 30
frames/sec, the cine pulse width can be as long as 5
nsec/ pul se. The cine pulse wdth thus selected is
then presented to the PULSE WDTH CONTROL UNIT in
BLOCK A and to BLOCK B, as the pulse width will also
affgct the total heat units to be accumulated in the
anode.

(4) A nodest selection of CINE RUN TIME choices
are normally set by the installation engineer for the
particular facility to neet the user's application
requirenents. (Usually this factor is not available
for selection by wusers at the control panel.) The



cine run tine is nost often set at 10 seconds. At
the end of the cine run time of 10 to 12 sec., a
warning buzzer is activated and the operator is then
given another few seconds before the generator is
automatically turned off to protect the x-ray tube.

BLOCK A is the heart of the cine AEC system  Prior
to initiation of a cine run, let's assume that (a) the
kKVp-CONTROL UNIT drives the tube potential circuit for
cine filmng to the |owest potential setting of 60 kVp,
and (b) the mA-CONTROL UNIT drives the tube current
circuit for the cine filnmng to the highest current
setting of 600 mA.  The PULSE WDTH CONTRCL stands ready
to provide 5 nsec pul ses as selected. The optical sensor

be a small prismor a mirror guiding the light to a
photormltl plier (some cine systens utilize the TV canera
in place of the optical sensor). The prismis usually
designed that it looks at the central 40 %to 60 % of the
out put J)hosphor The signal fromthe optical sensor is
anplifie the CINE AEC AMPLIFIER and fed to the SIGNAL
COMPARATOR.  The SIGNAL COWPARATOR receives the signal
from the REFERENCE VOLTAGE source and compares the signal
voltage fromthe CINE AEC AMPLIFIER and subsequently
sends out a signal to activate BLOCK A in accordance with
the brlght ness presented to the optical sensor.

Let's assume that the brightness is too low for
proper cine film exposure and requires a higher x-ray
tube potential of 68 kVp. The kVp-CONTROL UNIT activates
the generator to increase the tube potential, and the AEC
system ppy reach a stable state if the tube current
rating Yo 600 mA for cine filmng. As the x-ray tube
potenti aI is increased, the POMER RATI NG CHECK circuit
maintains monitoring of the techniques and will activate
the mA-CONTRCL UNIT to decrease the tube current to 400
mA. Meanwhi l e the optical sensor sends another signal
out to increase the tube potential again because the
bri ght ness at the out put phosphor may have been
accept abl e at 68 kVp, 600 mA settings but is not
sufficient at 68 kVp, 400 mA settings due to decreased
tube current. The sane process repeats itself and nay
reach the final steady state at 72 kVp tube potential
with 350 mA tube current.

The description given above is that of an automatic
iso-watt cine AEC system Replacing the mA-CONTROL UNIT
with a nanual tube current selector, the cine AEC system
descri bed here becomes that of an "automatic kVp" cine
?Elc_ system with constant tube current during cine
ilmng.

Repl acenent of the kVp-CONTRCL UNIT with a manual
tube potential selector yields an “automatic mA" cine AEC
system Both tube potential and tube current my be



manual |y selected and the exposure tine (the pulse width)
may be automatically varied. This type of cine AEC
systemis very sinple in its design concept, and is
called "autonmatic pulse width" cine AEC system |f the
el ectronics are fast enough, this type of control
resenbl es a radiographic phototimng system i.e., if one
considers the imge intensifier and the optical sensor
together as the phototube, and each cine frame as the
single radiographic exposure. For each of these types of
cine AEC systens, a nminor change is required in Figure 2

in accordance wth its operational logic. For certain
sophi sti cat ed AEC  systens, addi tional features are
provi ded, such as (a) automatic optinmum tube potential
search logic, (b} reduced x-ray tube loading during
automatic search of the tube potential, etc.

[11.  RADI ATI ON EXPCSURE

In a typical cardiac catheterization |aboratory, the
physi cal factors which are of primary interest include,
the cine filmimge quality and the radiation exposure to
the patient and the personnel conducting the exanination.
The radiation exposure values are affected by a nunber of
paranmeters such as the geonetry enployed, the radiation
exposure required to expose the cine film etc.

There is one  equi pnent setting that affects
radiation levels as well as the imge quality experienced

with the cine imging systens. This paranmeter is the
imge intensifier 1nput exposure sensitivity (IIIES).
The I1IES, in turn, is determned by a nunber of factors:

(1) Gne FilmSensitivity (film speed): can be
processing dependent.

(2) The f-stop setting of the Cine Canera Lens.

(3) The Inage Intensifier Conversion Factor, and
Quantum Detection Efficiency (QDE); aging
tendency is a slow (years) process.

(4) Light Transmission of the Optical Distributor
and Lens Systemis affected by dirt collection.

In principle, the |IIIES can be adjusted during the
initial calibration of the imging chain to any value
within the equi pment capabilities. However, the value of
I1''ES which Is selected should represents a reasonable
conpronm se between the quantum noise and the patient
exposure.

During the initial calibration of the cine inmaging



chain, the |IIES is obtained typically at 80 kVp tube
potential and ad% usted to 10-20 pR/frame for 9" node and
20-30 pR/frame for 6" node operation of the inmge
intensifier. It is also assumed that the devel oped cine
filmwll be projected at a standard display rate of 24
frames/sec™for normal view ng.

The 111ES level adjustment is attained through the
cine AEC sensitivity control circuitry. Therefore, when
eval uating cine systens with respect to either patient or
personnel exposure, it is highly desirable to deternine
the III1ES at which the systemis operating. A procedure
for making this determnation is described in Section IV
of this report.

A concept parallel to that of IIIESis the
fluoroscopic input exposure rate sensitivity (FIERS). The
FIERS is associ at edthe fluoroscopic operation of
the same cine imaging system and the sensitivity is
adjustable via the f-stop of the television canera |ens,
the television canera target voltage, and the automatic
brightness control %ABCF?/ for fluoroscw. Typically, the
FIERS is set to 40-50 uR/sec (2.4-3.0 mn) for 9" node
and 80-100 uR/sec (4.8-6.0 nR/min) for 6" node operation
of the image intensifier®

I11-A  Patient Exposure

The total anpunt of radiation received by the
patient undergoing a cardiac catheterization exanination
is accunulated fromthe fluoroscopic exposure during the
catheterization and the subsequent cine filning.

The radiation exposure arising from the fluoroscopic
procedure is proportional to the field size selected, and
the total PI uoroscopic  "ON' time and the average
radiation output at the entrance site. Asinplified
nethod to estimate the patient exposure, due to the
fl uoroscopy, can be calculated from the entrance skin
exposure rate ﬁtypi cally, I-5 le'n? for an average size
patient multiplied by the total fluoroscopic "ON' time
(typically 10 nminutes to 30 minutes). This sinplified
approach  assunes that the radiation beamis always
incident on the sane site, and thus overestinmtes the
actual dose to any one site, i.e., patient exposure per
fluoroscopic/cine view (PA, LAO RAO, LL, etc.)

The  patient exposure due to the cine filnmin
exposures is largely dependent on the total nunber o
cine frames taken. The patient exposure due to the cine
filming is mninmzed by selecting the lowest filnming rate
which  adequately images the dynamic aspects of the
exam nat i on. If the cine patient exposure/frame is known

(typically 10-25 nR/frane)® for each cine view, the
cine patient exposure is sinply proportional to the cine



patient exposure/frame (for that cine view) tines the
total number of cine franes taken for the corresponding
cine view Typically 300 franes to 1200 frames nay be
taken for one conplete examination consisting of few
different cine views.

The patient exposure of a given cine system may he
altered and affected by (1) the filtration provided in
the primary beam path, and (2) the anti-scatter grid
attached to the 1input surface of the image intensifier
housi ng. Theref ore, in the evaluation and estimation of
pati ent exposure, the radiation beam quality in
Hal f -val ue Thi ckness (HVT) and the anti-scatter grid
enpl oyed for the cine inmaging chain should be considered.

I11-B. Personnel Exposure

The radiation exposure to personnel conducting a
cine exanmination is produced by the radiation scattered
from the patient's body and by the |eakage radiation from
the x-ray tube. For a given situation the scatter to a
specific point is approxinmately proportional to the

radiation entering atient  and/or the image
intensifier tube. The actual relationship of the scatter
exposure and the IIIESis determ ned by a nunber of

factors including:

(1) Oientation of the x-ray beam patient and
per sonnel .

(2) Distance between the patient and the |ocation
of the personnel.

(3) Radiation field size/collimtion.
(4) Patient size.
(5) X-ray technique factors.

Since there are a large nunmber of parameters which
af fect personnel exposure, a conplete exposure eval uation
requires the neasurenent of exposure values at specific
personnel locations during actual or sinulated patient
exani nati on conditions. The rel ative personnel exposure
produced by various cine systems can be indirectly
conpared by neasuring the II1ES, if so desired.

The stray radiation (scattered plus |eakage) in the
cardiac catheterization | aboratory has been neasured by
various investigators®™ and expressed by
i SO-exposure curves. Due to the high power |oading of
cine fluorographic techniques, the iso-exposure curves
are often measured for the fluoroscopic case first.
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Subsequent |y, t hese i so-exposure curves can be
utilized with appropriate mltiplication factors to
account for the differences in the imging techniques
between the cine fluorography and the fluoroscopy.
Depicted in Figures 3 and 4 are typical iso-exposure
curves for the fluoroscopic operation of the cine imaging
chain.

I11-C.  Summary

From the discussion of radiation exposures in a
cardiac catheterization |aboratories above, the follow ng
physical  paraneters can be listed as the physical factors
that should be included in a conplete evaluation of a
cine imaging system

(1) I'mage Intensifier Input Exposure Sensitivity
(uRframe).

(2) Fluoroscopic Input Exposure Rate Sensitivity
(uR'sec.).

(3) The Beam Quality of Cine Operation in HVT's.

(4) Patient Exposure from Fluoroscopic Operation (R'mn).

(5) Patient Exposure fromCne Filnming (nR frane).

(6) Personnel Exposure from Fluoroscopic Operation
nR hr).

(7) Personnel Exposure fromGCne Filmng (R hr).

11



Plane View

Cross Section View

STRAY RADIATION LEVELS

| so-exposure Curves in units of nR hr.

Figure 3. Iso-exposure Curves Around A Cine |maging
System Equi pped with A Cradl e-top Exanination Table.

| so-exposure curves (nRhr) with fluoroscopic
technique factors of: 96 kVp, and 1.5 mA, Field Size
(entrance): 10 cmx 10 cm and Tabl et op Exposure
Rate: 1.95 Rimin. (By permission of the American
Heart Association, & F.C. Rueter, Ref. #6.)
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I so-exposure curves are obtained with fluoroscopic
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90 kVp,

and 1.0 mA, Field Size
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Adapted fromRef. # 7.)
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V. I MAGE I NTENSI FI ER | NPUT EXPOSURE SENSI TIVITY
MEASUREMENT

The I11ES of cine systems can be conpared in a
meani ngf ul manner only if the neasured values are
obtained in accordance with a standard protocol. This
section describes such a protocol and the necessary
equi pnent to carry it out.

IV-A._Instrunentation

The neasurenent of the II1ES requires an appropriate
i oni zati on chanber and an absorber or phantom
IV-A-1. lonization Chanber

The ionization chanmber should be small enough to be
contained within the field of view of the image

intensifier, and should also be relatively thin so that
it can be located and positioned in the proximty of the
i nput surface of the i mge intensifier. Fl at,

di sk-shaped chanbers are generally preferred. Due to
their inherent inaccuracies, the pocket-type dosinetric
chanbers are not recommended. The 1onization chanber and
its associated electronic reader nust be capable of
accurately nmeasuring exposure rates as lowas |.0 nR/nin
or an accumulated exposure of as low as 1.0 nR per cine

run. The energy response of the ionization chanber
system should be calibrated for x-ray qualltles at |east
inthe range of 1.5 Mm Al to 7.0 nm Al S.

IV-A-2. Absor ber

Il ES measurenments nmust be made with an appropriate
absorber within the x-ray beam The follow ng absorbers
have been used for this purpose: (1) 15-20 cm of water,
(2) 3.8 cm(l.5") of alumnum and (3) 2.4 m'n$3/32") of
copper . has been known that the accuracy of measured
val ues |s affect ed by the type of absorbing material, due
to the differences in the resultant x-ray spectrum itis
recormended that measurenents be made using a copper
absorber to create a scatter free geonetry. The
thickness should be selected so that the cine systemis
oEera_t ed at the 80 +/ -5 kVp when controlled by the cine
AEC circuitry. This can generally be achieved with a
thickness of 2.2 mmto 3.0 nmof copper. For the cine
AEC systens in which the x-ray tube potential is nmanually
selected, the x-ray tube potential should be set at 80
kVp. The neasurement is best acconplished wth a kit
consisting of8 pieces of 23 cmx 23 cmx 0.5 mmand 8
pi eces of 23 cmx 23 cmx 0.2 nm of copper.

14



The purity of the copper sheets enployed as the
absor ber for simulation of the cine fluorographic
exam nation should be better than 99.9% pure copper, such
as type 110 copper sheets.

IV-R. Measurenent Procedure

In order to insure reproducible results, the
procedure described bel ow and the geometry depicted in
Figure 5 shoul d be adhered to.

IV-R-1. Anti-Scatter Gid

In Figure 5 notice that the anti-scatter grid is
removed from the image intensifier and the ionization
chanber is positioned AS CLOSE AS PCSSIBLE but not on
the image intensifier inpuf phosphor surface.

*********************C:AUTI O\l*************************

For image intensifier systems in which the
anti-scatter grid is not readily renovable,
extrenme care nmust be exercised. The imge
intensifier tube is an inplosion hazard, and an
expensive device to repl ace.

(IR EEE R SRR S SRR R SRR SRR EREEEEEEEEEEEEEEEEEEREESESE]

In the event that it is not practical to renove the
anti-scatter grid, the ionization chanber can be placed
in front of the anti-scatter grid but the measured val ues
must be corrected for attenuation due to the anti-scatter
grid. The correction factor varies wth the type of
anti-scatter grid enployed, and is normally avallable
from the grid manufacturer. |t should be pointed out that
the anti-scatter grid is fragile and should be handl ed
with care.

IV-D-P.  Focal Spot Image Intensifier Tube Distance

If the distance between the focal spot and the image
intensifier (FID) is variable it should be adjusted to 76
cm (30 inches) or as close to 76 cmas possible for
systems in which the x-ray tube is installed under the
cradletop. For the cine systens equipped with a Carm or
a Uarm the FIT' varies depending on the particular
design of the cine system and the adjustable range of the
FIT' is also greater. The FID should be set to 100 cm
(40") for these systems.

If the FIDs suggested above cannot be appropriately
obtained, the FID enployed should then be recorded.
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7 = IONIZATION CHAMBER
30cm [}
]
= COPPER PHANTOM

v
76 cm 'l 'l {absorber)
]

I oni zati on Chanber: Fl atdisk-shaped
P Phant om Thi ckness: 2.4 nm
Field Size @Inmage Intensifier:
10 cmx [0 cmfor 15 cm Mde
18 cmx 18 cmfor 23 cm Mde
X-ray Tube Potential: 80 +/- 5 kVp
Anti-scatter Gid: Renoved

Figure 5. Schematic Illustration of Measurenent
Arrangerment for Inage Intensifier |nput Exposure
Sensitivity.

The copFe_r phantom shoul d be |ocated at the x-ray
tube collimator when accessible, or alternatively
at the tabletop as illustrated.

IV-B-3 Field Size

Adjust  the radiation field size (via automatic
collimation system or manually) to the size of the
active image intensifier input phosphor. The act ual
radiation size should be measured and recorded along with
the neasurenent data. Typically the radiation field can
be set to 10 cmx 10 cm for the 15 cm (6") input phosphor
and 18 cmx 18 cmfor the 23 c¢cm (9") input phosphor.

IV-B-4.  X-ray Tube Potential

) Because the sensitivity (conversion factor) of image
intensifier t ubes i s photon-energy dependent it is
desirable to make nmeasurements at 80 +/- 5 kVp.
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If the tube potential can be selected nanually, set
it to 80 kVp, place 2.4 mm of copper in the beam and
proceed with the  measurement. If the x-ray tube
potenti al cannot be selected manually, proceed as
follows: place a 2.4 mm copper phantom in the beam and
observe the x-ray tube potential which is being selected
by the cine AEC If the x-ray tube potential is not
within the 75-85  kyp range adjust the preset or
pre-determined x-ray technique factors such as the x-ray
tube current, and/or pulse width to bring the x-ray tube

otential into range. If the x-ray tube potential cannot
e brought into range change the attenuator thickness
until t he x-ray tube potential falls within the

acceptable range. Thicknesses of the copper filters in
the range of 2.0 mmto 3.6 nmare acceptable.

| V- B- 5. Measur enent

It is generally desirable to operate the ionization
chanmber in the rate nmode. The x-ray exposure nust be |ong
enough to permit the x-ray system and exposure neter to
reach a stable value and should be termnated as soon as
a stable reading is obtained in order to reduce x-ray
tube heat |oading. Nornal precautions should be exercised
ﬁn repeat runs to prevent overloading the x-ray tube and
ousi ng.

Ag safety interlock mechanism is normally provided
with the cine camera so that the cine exposures cannot be
made with an enpty film magazine. This interlock shoul d
be bypassed to avoid wasting cine film

IV-B-G. Correction Factors

A. distance correction factor should be applied if
the ionization chanmber is not located precisely at the
i mge intensifier housing surface.

V. FLUORGSCOPI C | NPUT EXPOSURE RATE SENSI TIVI TY
MEASUREMENT

The FIERS can be neasured with the same arrangenent
and instrumentation described for the IIIlES neasurenent
and depicted in Figure 5. Wth the systemoperated in the
fluoroscopi c node, the measurenent geonetry, the copper
phant om etc. m remain exactly the same as that of
I11ES rmeasurement. The fluoroscopic node of the cine
imging system is activated by stepping on the
fluoroscopic pedal rather than the cine filmng pedal.
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VI.  HALF-VALUE THI CKNESS MEASUREMENT

Utilizing the I1'ES  measurenents ar rangenent
described in section IV, one can sinply place appropriate
thicknesses of alumnum filters to carry out the HVT
measur ement in accordance with t he good geonetry
conditions®. The ionization chanber is, of course,
now positioned in front of the copper phantomin the cine
imaging systemfor the measurenment of HVT. The ionization
chanber and its associated electronic reader should be
capable of accurately neasuring exposure rates as high as
10 R/'min or an accunul ated exposure as high as 10 R per
measur ement . There should be a distance of approximately
10 cm between the ionization chanmber and the copper
phantom to reduce the back scatter from the phantom A
copper phantom of 2.4 nm is placed at the image
intensifier as specified previously. However, it is not
necessary to renove the anti-scatter grid.

Wen the fluoroscopic automatic bri ght ness
stabilization (ABS) circuitry of the cine imaging system
cannot be overriden, a nodified approach is necessary in
order to mintain the x-ray tube potential as the
alumnum filter is introduced into the primary beam This
can be acconplished by replacing 0.4-0.6 mm of the copper
filters with approxi mtely 5.0 nm of al umi num

The aluminum filters should be the same size as that
of copper. Proceed to initiate a fluoroscopic exposure,
and conpare the fluoroscopic technique factors with that
of the IIIES measurenment. Reduce or increase the alum num
filter thickness until the desired x-ray tube potential
or 80 kVp is obtained. Once this is acconplished the HVT
measurenment can be carried cut enploying the follow ng
procedure.

(1) Record the radiation exposure rate, the
geonmetry and the conbined al um nunf copper phantom
(including the total thickness of each absorber).

(2) Take one 1.0 mm aluminum filter from the
conbi ned al um nunm copper phantom and insert the
alumnum filter between the x-ray tube and the
i oni zati on chanber . The alum num filter can be
conveniently attached to the collimator face wth
adhesi ve tape.

(3) Record the radiation exposure rate as |.0 mm
aluminum attenuation data. The fluoroscopic technique
factors should remain the sane, since the total
attenuation of the radiation to the image intensifier
is not significantly altered by the re-location of
the alumnum filter.
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(4) Repeat the above steps until sufficient data
are obtained to determne the HVT.

VIT.  ESTIMATI ON OF PATIENT AND PERSONNEL EXPOSURES

The radi ation exposur es or exposure rates)
receivable by the patient and the personnel can be
measured by actual monitoring utilizing film badges (not
practical for patients) or thernolum nescent dosimeter
(TLD) chips taped onto the patient, the physicians, and
ot her personnel. Exposure nmeasurenments utilizing TLD
chips, for instance, can then be conducted while the
catheterization procedure is in progress®’.
However, in general, radi ation exposure levels are
sought afterwards and can only be estimated.

When necessary, an approximate estimate of patient
exposure can be obtained fromthe III1ES and the FIERS by
assuning that the patient attenuates the }Jrimary beam by
a kVp-dependent factor of approximtely [/200 to [/1000.
Corrections nust then be applied to take into account the
difference in distances, the nunber of cine frames, and
the fluoroscopy tinme.

The personnel exposure can be estinated by the
application of simlar assunptions, viz: the scattered
radi ation exposure at 1 mfromthe patient is nodified by
the angul ar dependent factor and therefore is
appr oxi mately 1/200 to 1/1000 of the  patient

exposure®.  The accuracy of such an approach is only
acceptable to obtain a rough estimate in the absence of
accurate data.

A nore practical and accurate estimate can be
achi eved by conducting radi ati on exposure measurenents
under a typical catheterization condition. A suggested
met hod for acconplishing this task is described bel ow

VII-A | nstrunent ati on

The instrumentation required for the measurenent of
patient exposure is similar to that required for the
Il ES nmeasurenent. Sone differences exist, however, the
are: (1) the ionization chanber and its associate
electronic reader nust now be capable of accurately
measuring exposure rates as high as 600 R'min or an
accunul ated exposure as high as 150 R per cine run, (2
the anti-scatter grid is installed (not renoved), and (3
the copper absorber is replaced by a water phantom or
plastic phantom  For personnel exposure measurements, a

survey neter type ionization chanber with 100 cnt
or greater active area is required. lts energy response
and calibration should be simlar to the ionization
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chamber enployed for IIIES neasurenent. The sensitivity
of the survey neter should be capable of nmeasuring
exposure rates ranging from0.1 nR’hr to 10 R hr.

VII-B. Preparation

In order to simulate the clinical examnation
condi tions, a  nunber of physical factors nust be
reproduced. They are:

(1) I'mage Intensifier Mde, i.e. 15 cm (6") or 23 cm
(9") node.

(2) X-ray tube potential for an average patient.
(3) X-ray tube current, pulse width.

(4) The focal spot size.

(5 Cine filning rate enployed.

(6) Geometry of the exam nation.

(7) Location of personnel in the room

VII-C. Phant om

Unlike the absorber (or, phanton) enployed in the
Il ES protocol, the phantom utilized in the patient and
personnel radiation exposure neasurements nust yield a
radiation pattern simlar to the actual clinical
situation. Therefore, the phantom should be nade of
wat er, plastic (i.e., Pl exi gl as), or other tissue
approxi mating material.

A phantom consisted of several pieces of plastic
plates 35 cm x 35 cm x 2.54 cm (14" x 14" x 1") is
suitabl e. A total of 20 cm (8") thickness closely
simul ates an average size patient.

VII-D. Measur enment Procedur e

The cine fluorographic imaging chain is set yp
simlar to that of a typical catheterization exam nation.
The scattering phantom (20 cmthick, or 8") is placed and
positioned on the examnnation table in the niddle of the
primary beam The ionization chamber for patient exposure
measurenent is positioned on the x-ray tube side of the
phant om

For personnel exposure measurenment, one can position
the survey meter type ionization chanber at the |ocation
where the operator stands, or other desired |ocations. At
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each |ocation where the radiation exposure neasurenment is
desired, a mninum of five neasurenents should be
conducted nanely, at five distances fromthe floor: (a)
eye/thyroid level, (b) chest level, (c) abdoninal / gonads
level, (d) knee level, and (e) ankle |evel.

The contributions to the different radiation
exposures from fluoroscopy and the cine fluorography are
measured with the ionization chamber wunderneath the
phantom and wth the survey nmeter positioned at the
di fferent per sonnel | ocations. The sane neasurenent
arrangenent is enployed for the fluoroscopy and cine
f1 uorography. The exposure time for both neasurenents
nmust be sufficiently long to allow for the ionization
chanmber/el ectroneter systemto stabilize (approximtely 4
sec.).

VI1l.  MEASUREMENT EXAMPLES

In accordance with the description and protocols, a
set of sanple neasurements is presented. The technical

and physical factors are listed in Tables Il, and Il
}Tabl e Il for cine fluorography and Table 111 for
| uor oscopy], and the measurement results in Tables IV,

vV, and VI.  The cine imaging equiprent enployed for these
nmeasurements had a Uarm type configuration sinmilar to
the equipment used in Figure 4, and was calibrated and
optimzed by the field service engi neers a few days prior
to the neasurements. The image quality of clinical
studi es for fluoroscopy and cine fluorography was
acceptable to the cardiologists. The results of this
particular cine fluoroscopic imaging systemfor [|IIES,
FIERS, and HVT are listed in Table IV. The acceptable
range of each parameter is also listed in Table IV for
comparison™™. It is not eworthﬁ to point out that

the input phosphor material of the immage intensifier was
Csl and had A high quantum detection effl ciency (QDE).
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TABRLE TI.

LIST CF PARAMETERSE EMPLOYED IN

THE EVALUATION OF

CINE SYSTEMS

Physzzgl
Parameters

Measured
Valves

X~-ray Tube Pctential

78 kVp*, 82 kVp**

{b) X-ray Tube Current 248 mA*, 360 mA**
(¢) Cine Pulse Width 3.2 msec
(d) Cine Filming Rate 60 frames/sec
(e) Focal Spot Size 1.2 mm
(Power Rating) 100 kW
(f) Cine Run Tiwe 12 seccnds
(g) Image Intensifier 9" (23 cm)
6" (15 cm)
(h) Cine Film Size 35 mm
(i) Radiation Field Size 18 cm x 18 cm*

Phantom Thickness

18 cm x 1€ cm*¥*

2.6 mm Copper, or

For Scattered Radiation:280 cm Plexiglas

+

(k) SID++ 188 cm
(1) TID 25 cm
¥ For 9" (23 cm) mede, ** For 6" (15 cm) mode

+ Source~to-Image Receptor Distance
++ Tabletop-to-Image Receptor Distance

TABLE TIII.

LIST OF PARAMETERS EMPLOYED IN

THE EVALUATION OF FLUOROSCOPIC CPFRATION

Physical Measured
Ttem Parameters Values
(a) X-ray Tube Potential 85 - 98 kVp
(b) X-ray Tube Current 2 - 3 mA
(¢) Image Intensifier 9" (23 cm)
6" (15 cm)
(d) Radiation Field Size 12 cm x 18 cm*

(e)

Phantom Thickness

19 cm x 1€ cm**
2.6 mm Copper, or

For Scattered Radiation:26 cm Plexiglas

(f) SID++ 106 cm
(¢) TID 25 om
* For 9" (23 cm) mode, ** For 6" (15 cm) mode

+ Source~to-Image Recepter Distance
++ Tabletcp-to-Image Recepter Distance
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Table IV. MEASUREMENT RESULTS

Physical Measuvred
Parameters Values Acceptable Range
IIIES 9" mode 12 & - 167, 1e-2077
(uR/frame} 6" mode 2@ 15 - 387, 2¢-4¢
FIERS 9" mede 35% 25 -~ 50%
(vR/sec) BE** 5¢ ~ 1g@**
6" mede 8g* 62 - 1€6*
155%%* 12¢ - 1g@**
HVT S" mode 3.1 2.5 - 4.¢717
(rm Al.) 6" mode 3.32 2.5 - 4.¢

* Low level exposure rate cperaticn.
*% High level exposure rate operation.
+ High QIE systems.
++ See References 16 and 11.
+++ Values shown are for 8¢ kVp (Empirical).

Table V. ESTIMATED PATIENT EXPOSURE:

Image Intensifier

Mode 6" (15cm) 9" (23 cm)
Flvorescopy Low Level 3.2 2.4
(R/min) High Level 4.8 3.5
Cine
(mR/frame) 12 20
Note : Act ual pati ent exposure can be

estimated wusing these values, the total
fluoroscopic "ON" time, and the total
number of cine franes.

Per sonnel exposure measur enent s conducted  for
various cine systens have shown a real possibility of
del i vering excessive amounts  of radiation to the
physi ci ans and ot her personnel in the cardiac

catheterization | aboratories™™*. Table VI

shows an exanple of the benefit of using |ead protective
devices during catheterization procedures. The locations
A, B, and C correspond to that of a physician, his/her
assistant, and a nurse, respectively. Their relative
geonetri cal relationship with respect to the cine inaging
system and the exam nation table is depicted in Figure 6.
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Table VI. PERSONNEL EXPOSURE RATES
Height Location
or A B C
Level (mR/hr; while beam is "ON")
Eye Flvuoroscopy* 12.2 5.9 M
Fluoroscopy** 1.4 1.5 M
Cine* 183.6 122.4 1.3
Cine** 14.5 18.7 M
Chest Fluorosccpy® 25.5 5.3 M
Fluoroscopy** 1.¢ 2.4 M
Cine* 352.9 115.2 8.3
Cine** 15.4 2¢.1 M
Abdcmen Fluoroscopy* 22.2 7.3 M
Fluorosccpy** M M M
Cine* 4¢2.3 172.7 5.2
Cine** 11.2 9.5 M,
Knee Fluoroscopy¥* 7.4 3.2 M
Flucroscopy** 1.4 M M
Cine* 162.6 74.3 18.5
Cine** 1@.¢ 8.6 M
Ankle Fluorosccpy* 47.5 26.8 3.2
Flvuoroscopy** M M M
Cine* 684.8 425.1 34.5
Cine** 19.5 1€.1 M

* No special lead protective devices were installed
on the examnation table,.

** Wth |ead protective devices (0.25 mm Pb Equ.)
specially designed for this particular cine system

"M mniml or

not measurabl e.
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MOBILE LEAD
PROTECTIVE SHIELD

LEAD PROTECTIVE —————
SHIELD

(tabie side}

IMAGE INTENSIFIER
- CINE CAMERA

==

LEAD PROTECTIVE
SHIELD
{on the top side of the table top)

2020,
!

A) Physician, 70 cm from Phant om

B) Assistant, 100 cm from Phantom

C) Others, 180-200 cm from Phantom
Figure 6. Plane View of Ci ne Fluorographic
System Equi prent Layout and Personnel Locations
Uilized for Radiation Exposure Estinates.

IX.  CONCLUSI ON

The radi ation exposure levels in cardi ac
catheterization laboratories are addressed in this
report. Physical parameters inportant to the eval uation
of cine systens have been described and defined, and
procedures ~ are presented for their measurement.
these, the image intensifier input exposure sensitivity
(I1TES), and the fluoroscopic input exposure rate
sensitivity (FIERS) are the nost inportant factors.

Typi cal patient and the personnel exposure |evels
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are presented for reference and conparison purposes. The
rel ati onships between |IIES, FIERS, patient exposure and
personnel exposure are system dependent and physicists
should nmeasure these relationships as necessary. It is
the intent of the task force that this report offer some
guidance, and be utilized by practicing radiological
physicists to assist in the evaluation of a cardiac
catheterization |aboratory when the need ari ses.

The procedure described can be nodified to account
for various equipnent configurations and operations under
different clinical arrangements such as (1) single plane
angled view using a cradletop, (2) bi-plane cine systens,
and (3) lateral cine fluorography utilizing either a
single plane or a bi-plane system
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