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Improving Procedure Efficiency
through X-ray Tube
Heat Management

Physician control of the system and procedure




The advancement of minimally invasive surgery and mobile fluoroscopic imaging technology has
resulted in an expansion of new applications across the healthcare industry, while image precision
and clarity has evolved to allow X-ray fluoroscopy to become a critical element for diagnostic and
therapeutic purposes.

To produce X-ray energy, electrical energy is transferred to the X-ray tube anode. Less than 1
percent of this energy is converted into useful X-ray energy for creating images. The balance of the
energy, more than 99 percent, is converted to heat. As a result, a great deal of heat may be gener-
ated in the anode and the tube housing during an imaging procedure.

Some interventional or complex surgical procedures require long cumulative fluoroscopic imaging

times, and can result in excessive x-ray tube heat. If the temperature rises above critical values,
the tube life can be shortened, and the procedure may be interrupted. To help manage these
problems, the operator must be aware of the thermal status of the X-ray tube and housing during

the procedure.

The GE Healthcare OEC 9900 Elite digital mobile imaging system (C-arm) has been designed with
advanced technology that improves the X-ray tube thermal management during long and com-
plex imaging procedures. More importantly, the system provides the surgeon with a visual, real-
time indication of the X-ray tube heat status to allow effective management of the system and

the procedure.

9900 Elite X-ray tube cooling technology
There are two main tube components that may be impacted
by heat management:

e The anode and
e The tube housing.

When considering X-ray tube heat, it is important that C-arm
operators have a clear understanding of the anode and tube
housing heat capacities and cooling rates to maximize the C-
arm operation. Each component has different heat capacities
and cooling rates that affect system operation.

Anode Heat

Production of anode heat increases with increasing tube cur-
rent (mA) and tube kilovoltage, (kVp). If the technique (kVp or
mA) is higher, more heat is generated and as a result, more
heat will accumulate in the anode, reducing the available
fluoroscopic exposure time. The rotating anode of the 9900
Elite is made from high tolerance molybdenum and tungsten
metal alloys, capable of storing up to 300,000 H.U. (Heat Unit),
a storage capacity that is several times that of common fixed
or stationary anodes. Further, the 9900 rotating anode incor-
porates a special high emissivity coating, which improves the
anode-cooling rate by about 25%.

The X-ray tube anode normally tends to stabilize (operate) at
60 to 80 percent of its maximum heat capacity. This is because
the cooling is dramatically more efficient at high temperatures;
the higher the temperature, the faster the anode will cool. The
anode also heats and cools rapidly because of its low mass.

Housing Heat

The x-ray tube housing contains the x-ray tube assembly and
dielectric oil, which also serves as part of the thermal storage
capacity of the x-ray tube as a whole. As the anode radiates
thermal energy to cool, the housing and oil absorb this energy.
Because the housing mass is much greater than the anode
mass, it can contain several times the anode thermal energy,
but heats and cools much more slowly than the anode during
use.

Housing cooling is accomplished via convective or forced air
convective means, and cools by transferring its heat to the
atmosphere.

In the 9900 Elite, there are three housing cooling options.

¢ Basic convective cooling
The tube housing is cooled by normal room air without ad-
ditional cooling features, providing about 15,000 to 16,000
H.U. per minute.

¢ Passive cooling (enhanced air circulation)
Metal fins and a fan are installed on the back of the x-ray
tube to dissipate the heat from the housing. The addition
of the fins effectively increases the tube-housing surface
area. Blowing air directly onto these fins can improve heat
management by 40 percent over basic convective cooling.
Many 9900 Elite vascular and Super C-arm systems are
equipped with the passive cooling option.

e Active cooling (patented high performance thermal trans-
fer) A patented heat pipe, focused air duct and cooling fan



improve tube cooling up to 31,500 H.U. per minute. Active
cooling provides up to 45 percent improvement over pas-
sive cooling and more than 100 percent improvement over
the basic convective tube cooling system. The active cool-
ing feature is standard with the 9900 Elite MD (motorized
drive) system.

Active cooling

Basic convective cooling Passive cooling

Physician-controlled thermal management

Thermal management of the 9900 C-arm X-ray tube is based
on a familiar principle: the dashboard of an automobile. When
you drive, instrumentation provides an instant visual feedback
on the status of your car’s functional systems. This informa-
tion allows you to make decisions on how you will drive the
car. The 9900 Elite C-arm provides critical visible information,
enhancing your decision-making processes and allowing you
to optimize workflow during image-guided procedures.

X-ray Tube Heat Status Displays

Tube Housing:

At the beginning of each procedure, the 9900 Elite C-arm
displays the current tube housing heat status. The heat status
display is not a warning. It is simply a message (tube heat sta-
tus) that helps you plan your procedure. If you are expecting a
long or demanding procedure, you may decide to let the X-ray
tube cool if the tube housing heat content is over 50 percent
of its maximum capacity. During a procedure a graphical icon
will be displayed on the screen when the tube housing heat
reaches 50% of its maximum capacity. Similar to a gas gauge
on a car’s dashboard, the icon indicates the status of the tube
heat in real time. Generally, the tube housing heats and cools
slowly.

PATIENT INFORMATION ‘

Tube heat status icon on Patient
Information menu.

Anode heat status icon

Tube Anode:

During use, the X-ray anode normally tends to stabilize
between 60 and 80 percent of its maximum heat capac-

ity. As with the tube housing, the icon will be displayed at 50
percent of its maximum capacity and updates its heat status
in real-time. Again, this is an anode heat status and it's not a
warning message. During the procedure, the tube anode may
heat quickly while using high technique factors, but also cools
quickly between exposures.

Although not normally required, the physician has several
options to help manage x-ray tube heat during challenging
cases.

¢ Increasing idle time between exposures.
Generally, the system will cool to below 70% from 80% in
about 30 seconds, and to 50 percent in 30 minutes. Lon-
ger idle time between exposures, even a few seconds, will
have a significant impact on the tube heat management
and the tube performance.

Using “Low Dose” mode.

The 9900 Elite C-arm can provide continuous fluoroscopy
in Low Dose mode at about half the dose of the standard
fluoroscopy mode. By reducing heat loading on the X-ray
tube, tube heat performance will improve significantly,
allowing the surgeon to image for a longer time period.
Activating Low Dose mode will have a slight effect on im-
age quality while reducing heat loading to the X-ray tube,
enabling longer fluoro times. It has the added benefit of a
significant reduction in X-ray dose.

e Using large field of view (F.O.V.)
Magnified modes require higher X-ray dose levels and
therefore more X-ray tube power in fluoro imaging.
Switching to a larger field of view (less magnification)
reduces the required X-ray technique factors and there-
fore the tube heat loading, and peak patient skin dose.
The 9900 Elite C-arm incorporates 18” LCD monitors on an
articulating arm, allowing the user to bring the displayed
image closer, reducing the need to use image magnifica-
tion. This feature, when used this way, reduces radiation
exposure and improves X-ray tube heat management.

Conclusion

The mobile OEC 9900 Elite is intended for visualizing anatomi-
cal structures in real time across a wide range of procedures
including vascular, cardiac, angiographic, cholangiography,
endoscopic, urologic, orthopedic, neurological, critical care
and emergency room.

Hardware and software features allow the physician to control
the imaging system for efficient planning and management
during procedures. Overall system performance is enhanced,
providing the physician and clinical staff with increased clinical
confidence.



Case example

This graph (Fig. 1. compares the anode (pink) and the tube

housing (blue) performances.

e Thesystem s setin Mag.1 (real-time magnification mode).

e 30, 30-second fluoroscopic exposures were made at
85 kVp and 4.5 mA (large phantom, normal abdomen is
about 80kV at 3mAl).

e 10 seconds idle time was implemented between expo-
sures.

e 11 DSA runs were made at 85 kVp and 12 mA, 10 second
runs.

As demonstrated, the anode reached 50 percent in about 5
minutes and operated at about 70 percent throughout the
procedure. Toward the end, two 20-second high-powered
(High Level Fluoro) exposures were made to force the system
to reach 80 percent of its maximum heat capacity. At temper-
atures over 80%, high level exposures are prevented by x-ray
tube protection software. Normal fluoroscopy is still allowed.
The vertical red line indicates the current timeline and the heat
status.
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imagination at work

Using Low Dose Mode (Fig. 2) - The same imaging condi-

tion as the above example case (Fig. 1), the same imaging
modes and sequences of images. Using the Low Dose mode,
the anode temperature reached 50% of its maximum heat
capacity at about 7 minutes and operated between 60% and
70% range, but never reached 80%. Therefore high level fluoro
exposures are still allowed at this point. The tube housing heat
never reached 50% of its maximum heat capacity. The yellow
vertical line indicates the timeline and the heat status.
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Fig. 2

Using larger field of view (Fig. 3) - The same imaging condi-
tion as the Fig. 1, the same imaging modes and sequences

of images. Using larger field of view (12" F.O.V)), the system
reached 50% of its maximum heat capacity at about 13 min-
utes and operated between 50% and 60% range throughout
the case, but never reached 70%. The tube heat never reached
50% of its maximum heat capacity. The green vertical line
indicates the timeline and the heat status.
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