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NRC/INEL RADIATION THERAPY
EVENT INVESTIGATION TEAM

REPORT 9501
1

INTRODUCTION

Purpose team members review the facts of the event and ,

compare them to the facility's normal process and !
'

The Nuclear Regulatory Commission (NRC) the NRC's regulations.
amended its regulations in 10 CFR 35 conceming
the medical use of by-product materiall o require The team members are tasked to describe thet

.

medical licensees to establish and implement a events, compare them to the requittments, analyze 1

I quality management program (QMP). This rule for the cause of the event and contributing factors. |
was to be implemented by January 27,1992. The assess the risk significance, and describe and eval- !

| overall goal of the QMP is to prevent errors in the uate the licensee response. |
,

| medical use of by-product mr.terial. |

The amount, type, and modality of radiation
This report is the result of an investigation by a originally prescribed are medical matters and, as -

team contracted by the NRC to review radiation such, is outside the scope of this investigation.
| therapy events. The purpose of thic team is to

obtain the necessary detailed information on se-

_

lected events and perform an analysis of the
causes, contributing factors, risk significance, and I'

corrective actions.

Normally, the NRC obtains this information to
help it evaluate the adequacy of '.he scope and
depth of the QM rule.

I

Scope j

The to Jn investigation is limited to the admin-
istration. 3f the prescribed radiation treatment. The

1

1 Byproduct material means-

(1) Any radioactive material (ex:ept special nuclear

material) yielded in. or made radioactive by, exposure to

the radiation incident to the process of producing or
u*ilizing special nuclear material; and

(V The tailings or wastes produced by the extraction or

con:entration of uranium or thorium from ore processed

primarily for its source material content. including
discrete surface wastes resulting from uranium solution

extraction processes. Underground ore bodies depleted

by these solution extraction operations do not constitute

" byproduct material" within Nis definition,

1

_ ., - _ _ .
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EVENT DESCRIPTION

Overview may have caused the failure was not found by
Elekta or the valve manufacturer, the valve spool
is scored. This evidence suppons the theory that.

A two-position, solenoid-operated valve on a metal panicle damaged orjammed the valve.the hydraulic system of a gamma knife unit
failed during a recent treatment. The valve
(valve 20) that failed controls the direction of System Description
bed movement. The valve was inspected by per-
sonnel from Elekta Instmments, Inc., the U.S. 'Ite gamma knife is a device used to deliver a
distributor of the gamma knife, and then sent to high dose of radiation to a small location in the
the valve manufacturer for analysis. Elekta has interior of a patient's head, while keeping the
attributed the failure to a panicle of metal that radiation dose delivered to the rest of the head,

'

either caught between the valve spool and valve and body as low as possible. It does this by col-
body or scored the spool, in either case essen- limating hundreds of radioactive sources in a
tially locking the valve in the ' bed in' position. hemispherical mount so that the resultant radia-
The behavior of the device and the system re- tion beams intersect at an isocenter and yield a

; sponse when valve 20 was replaced leave no high dose volume between a fraction of a cubic
-

doubt that a malfunction of this valve precipi- centimeter (cc) and a few cc, depending on
tated the event. which collimator helmet is used. Outside the

'socenter region, the radiation dose diminishes
A repon from the manufacturer on the failed rapidly occause there is minimal overlap of the

valve is pending. Although a metal paiticle that radiation beams. The patient is precisely placed

Shield / source
housing

\

Shield door

Helmet and
head frame

i

Moving bed

\

Fiaure 1:Line drawing of gamma-knife

2
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in the radiation

SIMPLIFIED DRAWING PATIENT COUCH RAM
nt 01 ed t e t

PERTINENT GAMMA IN -*- M UTaccomplish the
KNIFE HYDRAULICS -

treatment. Individual ,

beams tuay be '
VALVE 20

blocked to shape the in " BED IN" V-29 V-40
high dose region to A g POSITION X X
some degree.

Al A
The gamma-knife's

PI
T

A Bsources are located in " AVALVE 20the shield / source 7 p
housing (See Figure P T
1) and are collimated
to form an isocenter O } h h | |
near its center. The f f I
bed moves into and D

I I M --~out of the " face open- V
ing"of the housing. A j
hydraulically operated

ifAND MOTOR FILTER
,

door 1s shut when the ACCUMULATOR DRIVEN DRIVEN PUMP
! machine is idle to,

pggp
provide shielding and

j security.
SUMP;

| To perform a
'

treatment " shot" the
patient is first Fiaure 2. Simplified Hydraulic Schematic
positioned within a
helmet on the moving bed and the patient's head the University of California, San Francisco
is fixed in a well-defined position relative to the resulted in a mean of 6.96, a median of 7, and a

helmet using a headframe that is mounted on range I to 21 for the number of shots in a
tmnnions. To start the exposure, the device treatment.

opens the shield door and hydraulically inserts !

the helmet and bed, with the patient, into the Detailed Description
radiation chamber, thus placing the target region
of the head coincident with the radiat'on The responses of the gamma knife device
isocenter of the gamma knife. The shot is ended during the incident confirm that valve 20 was

!

when the bed is hydraulically removed from the stuck in the ' bed in' position. The events that
radiation chamber and the shield door is shut. A occurred during the incident and the
typical treatment requires multiple shots to cover corresponding status or reactions of the
the entire target area with the patient's head hydraulic system are listed in Table 1.
bem, g repositioned between each shot.

. Tabulation of over 400 treatments conducted at
1
!

.

3
1
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Table 1. Hydraulic System Explanation of Events

Event Hydraulic System Explanation

1 The bed f ailed to retract when the treatment Valve 20 was stuck in the ' bed in' position.
time was completed after the sixtn expo- Hydraulic pressure applied by the system to remove
sure cycle. the bed was instead directed by valve 20 to insert

the bed.

2 The patient out' lamp was flashing, but the The solenoid that controlled valve 20's spool posi-
bed was not moving, tion had properly deenergized, which would nor-

mally allow the valve to return to the position that ,

retracts the bed. The return spring could not move
valve 20's spool, however, because of a suspected
particle caught between the spool and valve body or

,

spool damage.

3 The sound of the hydraulic pump was The pump was continuing to send fluid to valve 20,
heard, but there was no movement of the as it would during normal retraction of the bed. (See
bed. Item 1)

4 Manual pumping did not cause the bed to The manual pump supplies system hydraulic pres-
move. sure. But the pump and accumulator were function-

ing properly and there was sufficient pressure. The
problem was that the pressure was misdirected.

5 The ' treatment off' button was pushed on Valve 20's spool was still stuck, and its internal
the control console, but the bed did not spring could not reset it. Under normal conditions,
move. this action w 'i turn the pump on and direct the

pressure to o ,ve the bed.

6 Two facility staff members entered the The latch is attached to two manual valves-valves
, treatment room, released the latch at the 29 and 40 on figure 2-that equalize the hydraulic
| foot of the bed, and were able to pull the system pressure on the bed ram and allow limited
| bed a small distance. Moving the bed was manual movement of the bed. While in this mode,
! very difficult. bed movement is limited because hydraulic fluid

must be forced from one side of the bed ram,
through the bypass vatie and a cut off valve, to the
other side of the ram as the bed moves.

7 Three facility staff members again pulled on As before, movement of the bed manually was
the bed. The bed moved an estimated 50 possible, t ut difficult,
cm, still with difficulty.

8 A " locking sound" was heard and the bed The INEL team does not attribute the * locking
could not be moved any further. At this sound" to the hydraulic system. It is not clear where
point, the staff followed emergency proce- the noise originated, but l' appears to have been
dures to remove the patient from the hel- due to metal-on-metal contact of the bed wheel with
met. its track where the clope of the track changes. This

event does not appear to os significant from a by-
draulics standpoint.

9 After the patient was removed, the latch The valves allowing the bed to be moved manually
was pushed back into normal position. (valves 29,40) were closed. If the accumulator had

still been pressurized, this action would have
caused the bed to move back into the unit.
Hov, ver, while the manual bypass valves were
opt the accumulator had depressurized to the
sump.

|
- - . - _-- _ -_ .__ __ _ _ _ . .
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Even' Hydraulic System Explanation

10 The treatment off' button was pushed on Pushing the traatment off' button turned the pump
the console. The bed moved from its par- back on. The pump then returned the system to the
tially retracted position back into the unit, pressure needed to move the bed. Since valve 20
instead of retractiog. was still stuck in the ' bed in' position, the bed

moved back into the unit.

11 The console key was turned off, but again In normal operation, turning off the console key re-
did not result in retraction of the bed, as ex- tracts the bed because, without power, the valve
pected. spools move to positions that, with the remaining

pressure in the accumulator, cause the bed to re-
tract. Again, the bed valve 20 could not return to its
relaxed position, and therefore the bed could not re-
turn to the retracted position.

i
,

|
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MITIGATION AND MEDICAL CONSEQUENCES

Anumin8 mat me helmet did dmp to mePhysics Overview lowest point, the team are in agreement with the
comments and conclusions of the facility staff.. .

Although it is not explicitly stated in the inci- he physicist's assessment regarding additional
dent memorandum, the most likely conclusion is radiation and volume affected is given below,
that when the facility staff first released the latch
at the foot of the table, the helmet with the pa-
tient dropped from its highest position, where it Treatment
was m:tted with the primary collimator, to the
lowest position conesponding to the low point For this evaluation the volume of the target
of the couch track. was estimated as follows. The target was drawn

on the coronal MR images by the facility neuro-
2A previous study determined that this results radiologist. 'Ihe Gammaplan computer software,

m a high dose volume approximately 2 cm in di- is able to calculate volumes from axial images
ameterlocated just under the inner surface of the but not from coronal images. The program was
top of the helmet and substantially superior to used to project the target contours frota the
the treatment position. Based on the coordinates coroaal images on to the axial images, and then
of the shot and the skull measurements for this to draw new target contours on the axial images
patient, it is calculated that the top of the head based on the coronal projections. This procedure
was 4 cm below the inner surface of the helmet. yields a target volume which may not exactly
This places the high dose volume outside the correspond with the tumor but which should be
patient. accurate enough to give a relative comparison

between the origir.al and delivered treatment
The high dose volume would lie inside the volumes. Such a comparison is useful in allow-

|
head of the patient if the helmet had stopped at ing the effect of the inadvenent irradiation to be

I some point intermediate between the treatment put into perspective. For these comparisons it
position and the low point, but it is not likely was assumed that the four shots which were not
that this happened. It is of note that when the delivered when the incident occurred have sub-
helmet is at the low point, the maximum dose sequently been delivered with the same parame-

| rate at the focus of the primary collimator ters as per the original plan.
through the helmet is approximately 10% of the
dose rate at the treatment position because of the OrlginalPlan
lack of alignment with the helmet openings. It
should also be noted that under these circum- The plan was designed to deliver a prescribed
stances although the beams would have come to dosc of 15 Gy to the 45% isodose surface which
a focus at a point outside the patient, the beams adequately covered the target. Three 14 mm
would have continued beyond this focus and shots and ';even 8 mm shots were to be used.

;

some of them may have panially intersected the Shot five3, which was an 8 mm shot, was to
i patient. Ilowever additional dose due to this pm- have been treated for 3.35 minutes. It is calcu-

cess would have been small compared to the lated that the volume enclosed by the 45% iso-I

| prescribed and delivered doses. dose surface was 5.4 cc (in agreement with fa-
| cility staff), dat the target volume was 4.5 cc,
I and that the partial volume of the target within

l
-

I
I 2 Smith, V.; Verhey, L.; Jones. E.; Lyman J. 3 Shots are not necessarily performed in the same order

Consequences to the patient in the event of hydraulic they are listed in the plan. In this case shot number 5
unit failure. Stereotactic & Functional Neurosurgery. (the fifth shot calculated on the plan) was the sixth
61(Supplemeru 1):173-7; 1993. shot to be performed during the treatment.

| 6
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Ithe 45% isodose surface was 4.0 cc. This means one clinician and another, and both could be

that 1.4 cc (5.4cc-4.0cc) of nonnal tissue judged to be acceptable plans.

was also included in the 45% isodose surface cf
'the original plan. Medical Effects

The following medical opinion provided by |Dellvered Treatment

Dr. David Larson is based on copies of materials |

All shots were the same as for the on. .gmal provided by INEL, by the institutional radiation
plan except that shot 5 was tmated for a time of safety officer, by an independent medical
7.13 minutes. The volume enclosed by the 45% physicist, and by Dr. Vemon Smith. i
isodose surface was 6.0cc, the target volume
was still 4.5 cc, and the partial volume of the

, Effect to Patlent itarget withm the 45% isodose surface was
'

4.2 cc. This means that 1.8 cc (6.0cc - 4.2cc) The volume of normal tissue enclosed within
of normal tissue was also included in the 45% the prescription isodose surface increased by less
isodose surface. than half a cubic centimeter. This should be of )

negligible clinical consequence, since the in- |

Physics Conclusion creased nomial tissue volume does not appear to ;

contain critical normal structures such as optic ;

Tne following physics opinion provided by nerves or chiasm or other cranial nerves, or criti- |
Dr. Vernon Smith is based on copics of materials cal small blood vessels, or critical neural tissue.
provided by INEL, by the institutional radiation ,

safety officer, and by an independent medical The volume of the target enclosed by the pre- |
physicist. scription isodose surface increased by approxi- )

mately 0.2 cc, and may resuh in slightly reduced j

Comparison of the original and delivered risk for tumor regrowth.
'

plans indicates the following:
Further from the target volume, where the

. The volume enclosed within the 45% isodose dose has dropped off to the 20% level, changes
surface int reased by 0.6cc from 5.4cc to in the isodose contour are minor and of no clini-
6.0cc or 11%. cal significance. Beyond that, changes la lower

. The volume of the target enclosed by the 45% isodose surfaces are of no clinical consequence.

isodose increased from 4.0 cc to 4.2 cc. To put
it another way, the percentage of the target en- In summary, regarding dose to the patient,
closed within the prescription isodose in- differences between the original and delivered

creased from 89% (4.0cc/4.5cc) to 93%
treatment plans are small compared to much
larger differences in doses prescribed by differ-

(4.2cc/4.5cc). This in itself should be of ent institutions for pimitary tumors. The maxi-
benefit to the patient. mum dose delivered to the patient in question

|

. The volume of normal tissue enclosed within was approximately 33.5 Gy, compared to a
P anned dose of 33.33 Gy. Some experiencedlthe 45% isodose increased from 1.4cc to

1.8 cc. Gamma Knife radiosurgeons would have se-
lected a maximum dose of only 20-25 Gy,

Thus we have a negative effect (an increase in
whereas others would have selected a maximum

the volume of normal tissue receiving a signifi- dose of up to 40 Gy. This range of maximum
cant dose) and a positive effect (an increase in doses is considered within the range of accept-

, ,

the percentage of the target receiving the pre-
able practice standards. In addition, other radio-

,

scribed dose). However both effects are quite surgeons might have drawn a target volume that
| small and probably do not significantly affect differed by several millimeters m any diameter

the treatment. It could be argued that the differ- fr m that which was used on the patient in ques-
ences between the original and delivued plans tion. Such target volume variations are also
are within the range of the differences seen be- within the range of acceptable practice stan-

i tween one institution and another, or between
dards. and reflect the ,aability of MRI to pre-I

|
'

i
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cisely delineate where micmscopic or even gmss mrems (including natural background of appmx- |

volumes of tumor cells reside. imately 300 mrems). It is not known whether
any of the medical staff may have been pregnant

Effect to CIln/calStaff at the time of the equipment failure or whether
such personnel may have received any exposure

It appears the medical staff all received less at the time of the equipment failure. Ilowever,
than 3 mrem. This exposure is probably insignif- with the exception of the badge reading of the
icant, since it approximates the negligible indi- (male) medical physicist (whose badge was left '

vidual risk level, the level of excess risk of total en the treatment room floor ovemight), all per- |
health effects below which further efforts to re- sonnel badge readings appear to be extremely I

duce radiation exposure are unwarranted. (A risk low compared to the recommended maximum
of 10-7 per year corresponds to an annual effec- permissible monthly dose to embryo and fetus of

,

Itive dose equivalent of 1 mrem.) The exposure 50 mrem. In summary, the medical eff ects of the
to medical staff is very small compared to the equipment failure to medical personnel (and
annual average total effective dose equivalence possible embryos and fetuses) are probably neg-
to the U.S. population of approximately 650 ligible.

|

,

i

|
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CORRECBVE ACBONS |
|

The corrective actions taken by Elekta in- the treatment room and the valves in the hy-
|clude the instructions given to facility staff on draulic room at a separate facility. These screens j

the day the incident occurred, repairs by an- would prevent any particles greater than 75 m
Elekta engineer the next day, and planned ac- that may be in the hoses or rams from reaching
tions to p event a future occurrence of the inci- the solenoid valves that control bed and door po-
dent. sitions. |

1

|With this solution, any panicles that may be .
!" 8I' in the system between the screens would not be i

removed from the system. Rather, these particles ;
Facility phys. ists phoned Elekta after remov- would travel between the applicable screens andic

4

ing the patient from the device but could only hydraulic ram cylinders each time the unit cy-
reach the answering service due to the time of cles. The Elekta engineer who repaired the unit i
day (8:45 PM EST in Georg,a, where Elekta of- stated that the rams have large clearances than Ii
fices are located). When the Elekta engineer re- the position control valves in the hydraulic room !
tumed the telephone call at 9:07 PM EST, his and would not be affected by particles in the

'

,

advice was to tum the console off, leave it off,
fluid *

and h- would come to the facility the next day.
,

la addition to the rams, there are also two I
Short-Term valves (one each on the bed and door subsys-

tems) between the screens that the particles
Upon arrival at the facility, the Elekta engi- could typically travel through, and two more in |

neer informed the staff that it appeared the valve the bed subsystem that could be involved in an j

that controls bed position was mechanically emergency. The Elekta engineer stated that the !

stuck. He performed limited testing to verify his clearances were large enough in these valves j
hypothesis and check on altemative ones. After that they also should not be effected by panicle |

determining his hypothesis was correct, he re- contamination. j
placed valve 20. This repaired the unit. He then i

ran several tests of the bed to confirm that the Evaluation - I
| repair was adequate. The engineer then cenified
i the equipment for clinical use. Evaluation of the corrective actions is pre-

sented in the engineering conclusions of this re-

| Long-Term pon.
|
'

To address this event, Elekta is testing the
placement of 75 m screens between the hoses to

|

|

i i

|

I
|

!

|
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CONCLUSIONS

loose after many machine cycles. This theory
Proximate Cause would explain why the device failed after being

"# * "" # ""'
The cause of the Gamma Knife failure was

the existence of metal contaminants in the hy- Evaluation of Corrective Actions
draulic fluid system. believed to have been m-
troduced during installation, several months The immediate actions by Elekta and the on-
previously, site repair performed the next day are considered

. . appropriate and will not be analyzed further.
The contaminants caused valve 20 to jam in This section presents a more detailed analysis of

the ' bed in' position. the contaminants in Cie system and the solution
proposed by Elekta to prevent reoccurrence of |

Medical this problem. |
|

Differences between the original and dehv- Olland Filter Analysis i

ered treatment plans are small compared to
much larger differences in doses proscribed by In order to verify the source of contamination
different institutions for pituitary tumors. t is important to detennine if the contaminants

are copper, steel bber, or other material. Once
The medical effects of the equipment failure the composition of the contaminants is known

to medical personnel (and possible embryos and and the source identified, the likely path may be
fetuses) are probably negligible. determined. In addition to a human error when

i installing the device (such as improperly clean-

| Engineering ing a hose), other possible explanations include
an undetected equipment or hose defect, or con-

| The cause of the malfunction of the gamma tamination in valves, rams, or the fluid reservoir.

knife device is hydraulic fluid contamination.
Hydraulic systems are characteristically very re. A visual inspection of the oil and filter will
liable; fluid contamination is the primary cause not always show a contammation problem, since

of failures (both direct and indirect). Although much of the contamination that will impair a hy- )
Elekta takes precautions while installing a new draulic system is smaller than 40 m-the limit i

1

device to prevent the introduction of contami. of visibility of the human eye.

nants into the system, such as cleaning the hy-
draulic hoses before installation, it is apparent F//ter s/ze
that in this case these precautions were not
enough. The screens installed between the hydraulic

! manifold and the operating rams in ;imilar unit
It is Elekta and the INEL team's corriusion are 75 m filters. For the solenoid vaives in this

that during installation, the pieces of dirt, metal, system, a filter size of 15-20 m is appropriate. i

and rubber that are typically found in new hy- While it is not known how large the panicle that
'

draulic hoses were not properly cleaned from caused this event was, it is true that a particle,

one o the hoses. Pieces of rubber found by small enough to fit through a 75 m screen couldr
|

Elekta in the hydraulic fluid filter suppon this c?.use a similar valve malfunction. Thus, these
theory. screens will prevent a similar e.ent in the future

only if the particles are large. The INEL team
Most of this contamination traveled through therefore considers the placement of 75ttm,

| the system without incident, and was filtered screens as a long-term corrective action to'be
from the fluid before reaching the reservoir. The marginally effective.
metal panic!c that caused valve 20 to fail may
have remained trapped in the system or con-

|
nected to the parent metal fitting until it worked

! 10
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tended radiation to the patient. Similarly, states
g p_aYg

a that occurred after the patient was properly re-
,

moved from the radiation chamber, such as
Other s.. ..,ite failures shutting the shield door, were not considered be-

cause they did not contribute additional radiation
The system was analyzed for its potential for to the patient.

I other single component malfunctions that might
cause unintended radiation exposure to the pa- Thus, only single component failures that

]
tient. could occur during the irradiation phase and bed

! . . withdrawal phase of the operation were exam-
; The system contains nine key components, ined and only single component failures were

each with at least two modes, and has nine considered. Loss of power during the irradiation
i unique system states. The number of possible was also considered. The results of the analysis

failures and the consequences of each dunng the are summarized below in Tables 2-4. Failures,

different stages of the operation make a full that had no effect are not listed. Incredible fail-
>

analysis of these failures outside the scope of ures were not included.
this report.

,

. . There am only thme basic failures that can be.

To lim.i the scope of the analysis, it was as- caused by a valve positioning incorrectly that af-
4

sumed that the device worked properly through fect the bed movement: either the bed will not !,

Ithe insertdon of the bed and the start of the radi- move into the unit, the bed retracts fmm the unit
ation treatment. The justificat,on for this as- at the incorrect time, or the bed fails to retracti4

sumption is that any malfunction that occurs when it should. Only the valve malfunctions that
,

prior to inserting the patient into the radiation prevent the bed fmm retracting could result in an
chamber allows the staff to stop the process be- increased treatment time for the patient. These
fore irradiation begins, thus preventing umn- are the only failures considered.

,

,

1

1 Table 2: State: Hold bed in treatment posinon j

Casa Failed Failure Effect Unintended Irradiation l
NL Component Position *

| 1 Valve 19 fails on bed drifts out of position, which causes Possible |
| the treatment to be automatically '

! stopped, but patient must be withdrawn
| manually

| 2 Valve 20 fails on bed retracts from the unit no

; 3 Valve 22 fails on bed drifts out of position, which causes Possible
the treatment to be automatically
stopped, but patient must be withdrawn
manually

4 Valve 36 fails on bed drifts out of position, which cauces n't
,

the treatment to be automaticallyi'

stoppeo, and patient and bed are hy-
draulically withdrawn

5 Valve 38 f ails off bed speed rises no

*The positions hsted refer to the condition of the valve under normal operation when the solenoid is "on" or "off".

I1
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Table 3: State: Withdraw bed

Case Faiied Failure Effect Unintended Irradiation
Nr Component Position *

6 Valve 19 tails on bed fails to move out of the unit, patient YES
must be removed manually

7 Valve 20 f ails on bed fails to move out of the unit, patient YES j

must be removed manually

8 Valve 22 fails on bed fails to move out of the unit, patient YES
must be removed manually )

9 Valve 38 fails off bed speed rises no

)10 Pump fails off bed speed rises 'so

*The positions listed refer to the condition of the valve under normal operation when the solenoid is "on"or"ofl'.
1

ITable 4: State: Imss of power during treatment
i

Case Failed failure Effect Unintendeo Irradiation
Nr Component Position *

11 Valve 20 fails on bed fails to movs out of the unit YES

12 Valve 36 fails on bed fails to move out of the unit YES

*The positions hsted refer to the condition of the valve under normal operation when the solenoid is "on" or "off".

Failure frequency shots. As more shots are performed in rapid suc-
cession, any debris that is settled in the sump

Without detailed analysis, the frequen:y of tank will be mixed by the returning hydraulic
recurrence of failures that cause unintended ra- fluid and will have a relatively higher likelihood
diation to the patient can only be evaluated of being drawn into the system on the next cycle
qualitatively. as the number of cycles rises.

Given that the cause of this failure appears to Consequences
be related to device installation, the following
conclusions can be made. See hiitigation and biedical Consequences |

above. |

This appears to be an " infant mortality" type i
failure-it is dependent on the number of instal- Risks
lations and inversely proportional to the number
of cycles (age) completed by the machine. One of the valve positioning malfunctions

analyzed-case 7 in Table 3-occurred in die
Other machines that were installed before and event this report examines. Because this event

have been cycled more than the machine in this represents a worst-case solenoid-operated valve
study are less likely to have a similar failure; failure and has a smalllikelihood of occurring at
however, this type of failure remains a concem other, older facilities; and because its medical
for the installation of new machines. effect was probably negligible; we conclude that

the risk significance froin this type of failure is
It should be noted that this failure occurred on very small for future gamma knife usage pro-

the sixth cycle of a ten-cycle treatment. vided the staf responds correctly.
I Treatments are seen to range from one to 21

|
1 12

i



. .- .-. - . - -. - .

|
<. .

'

i

|

i,
,

RECOMMENDATIONS

Performed before modifications are started, in
Engineering Recommendations case the results do not suppon the previous con- i

'

clusions.
Oiland Filter Analysis |

#" "#"
A laboratory analysis of the hydraulic fluid

and the filter is recommended to determine the To further reduce the possibility of a repeat
level and type of contammation in the system, failum of the kind experienced at the facility, a
An oil sample and filter sample should be taken modification of Elekta's planned design change
for laboratory analysis during the next scheduled is recommended. This design change must be
preventative maintenance of the facility unit, verified by Elekta to ensure the pressure drops
January 10,1995. (This was ciscussed with across the new filters do not interfere with cor-
Elekta techn,ical staff prior to this repon's com; met operation of the unit.
pletion.),

i

| A simplified schematic of the modification of
|

Information on the type, the sizes, and the the bed positioning ponion of the hydraulic sys-
| amount of contammation present would be pro- tem as proposed by Elekta is shown in Figum 3. i
I vided by an analysts of the hydraulic fluid by an The schematic for the door positioning ponion

oil analysis laboratory. Oil analyses are routine of the system is very similar, and is not shown.
la many hydraulic systems and engines. A local In the diagram shown, fluid is pumped through,

oil analysis company should be contacted before the valve and the left screen to the left side oi
taking a sample to ensure the proper pmcedures the ram cylinder. The fluid on the right side of;

j are followed. The sample must be representative the ram cylinder is pushed through the right
- af the entire fluid. The filter on the reservoir screen, then thmu.;h the valve and to the reser-
| should also be analyzed for larger panicles. The voir. When the solenoid is energized, the valve

International Organization for Standardization spool moves into the other position (where the
,

(ISO) code for the sample and filter oil, the types 1 nes are shown crossed). The fluid from the
of contaminants and their approximate shapes (if pump then leaves the valve on the right side and
possible) should be requested from the labora- flows from the right screen to the right side of
tory. the ram cylinder.The fluid in the left side of the

. ram cylinder is forced down through the left
The results of the oil analysis should be re- screen, through the valve and to the reservoir.

viewed by this team to ensure the assumptions
,

about the contamination levels in this evaluation There are two problems with this proposed
are correct. It is also recommended that oil solution. First,75 m is r.ot be an adequate filter
samples from at least five other gamma knives size for these valves. Second, instead of remov-
mstalled in the U.S. are analyzed and reviewed. ng any contaminants from the system, the con-
As a final preventative measure, it is recom- taminants stopped by the screens will travel back
mended that for all new units installed in the and fonh between the screens and the ram cylin-
U.S. in the future, an oil sample ,is analyzed after ders. The probability that particles (especially
the device testmg is completed and before cent- metal slivers) will eventually travel through one
fication. This is a relatively easy and inexpensive of the screens to the bed cr door position valve is
ProNure. increased each time the fluid flow changes di-|

" n PanMes am mkased hm k
| If Elekta plans to modify all units in the U.S., c n'

as they have stated, these analyses should be

|

|

13
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Figure 4 shows the recommended solution for headframe from the trunnions. The removal in
,

filtering the fluid. Filters are used instead of this case is expected to take longer because the I
iscreens to remove contaminants from the sys- bed and helmet assembly are fanher inside the

tem,instead of allowing them to travel from one treatment unit.i

| screen to the other through the ram cylinder.
| Hydraulic systems typically use 10-25 m fil- The connectors on the remote manual opera-

ters, depending on the level af cleanliness re- tor for these valves were inaccessible to this
quired. Twenty pm filters were chosen based on team, and were not inspected. No opinion can be

'

discussions with a representative of the given to the likelihood of their failure. |
'

manufacturer of valve 20. This filter size is also
| used by the manufacturer of the gamma knife on If the remote manual operator became dis-

the retum line to the reservoir. connected, an access panel in the bed foundation
above valves 29 and 40 might allow the staff to

When the control valve is in the position open these valves directly and lower the bed
shown, fluid flows from the pump, through the from the treatment position before staning to
control valve into the left side of the system, disengage the trunnions
through the check valve in the left side bypass, |

and to the left side of the ram cylinder. The fluid Toolsin the right side of the ram cylinder is pushed
. through the right side of the system and through

All gamma knife facilities should obtam the
. .

the filter on the right. The check valve on the
right bypass prevents the exiting flow from by- second emergency tool-the long handled pry

passing the righ; filter. The fluid then passes bar for disengaging the head frame from the
trunnion.through the control valve and retums to the

reservoir. When the control valve is put in the
other position, the incoming fluid bypasses the Operating Procedures
right hand filter and the exiting fluid is forced
through the left filter. The check valves at the As discussed above, the relative likelihood of
exit of the filters will prevent backflow through a similar event recurring is larger at the end of a
the filters. multi-shot treatment than at the start of that

treatment. Consequence of a recurrence, and
Valve Access therefore the risk of a recurrence, can be reduced

by perfomling the large aperture shots first and
If the remote manual operator for valves 29 the small aperture shots last. Then, given that a

and 40 becomes disconnected from either valve, malfunction does occur during a treatment, the
there is potential for unplanned exposure at the conditional probability that it will occur during a
treatment rate until O ,..dient is physically re- large aperture shot will have been minimized
moved using the special tools to disengage the and the affected volume will be smaller.

PATIENT COUCH RAM PATIENT COUCH RAM

[ k' ' '

}20m
75 m

SCREENSSCREENS

l[ } CHECKA B

\4 h 'A VALVE 20 A B
7 N !I \4 h v'\ VALVE 20

7 % yP T

P T

Figure 3. Elekta's Proposed Solution
Figure 4. Recommended Solution

| 14
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head cage from the trunnions using the long
Emergency Procedures haadled wrench and lever provided for emer-

E"* ' * ##" ** * " ""
All gamma knife facilities should review their the bed in the fully retracted position.

emergency pmcedures to ensum they cover the
following points in the event the bed fails to re-

t

tract: if the power is on, the hydraulic pressure is Video Tape
within range, but the treatment bed fails to re-
tract after the timer reaches 0.00, move on to the As with most investigations, reconstruction of
emergency procedures for releasing the patient imponant details was difficult. It is recom- ,

'

from fixation in the helmet. This change was mended that a VCR or similar recorder be con-
made to the er.ergency pmcedures of the facility nected to the CCTV and the treatments be
where the incident occurred by the staff in- recorded. Once a treatment is completed without .

I volved. incident, the tape may be reused for the next

|
treatment. If there is a problem, the tape can hc:p
d*'*'*I"* 8P CIII d"'"'I "S' D*d * ** * *"l8'

Trainin9|

| and sequences during the review of the emer-
E# I " ' ' " " # "" " " E #

All gamma knife facilities should hold a staff movement, a graduated color bar or series ofl

|
review and walk through of their emergency lines could be affixed to the bed fcondation be-
pmcedures. Operating staff should dismount the low the bed.

|

,
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January 13, 1995
JIT-02-95*
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Page 1 of1

ApportalIEonsisitEy PATIENT COUCH RAM

*When Stephanie Walker and I re-
viewed the electrical schematics

jg-

for the control logic we found an '

g ginconsistency. The inconsistency
pertains to the operation of hy-
draulic valve 38. Although, physi- a e
cally, this valve closely resembles VALVE 20 y a
the other hydraulic valve; opera- 7 /t U

tionally it is connected so that it P T

may be thought of as a simple
"open or shut" valve. Valve 38 is A K, VALVE 38on a bypass line around the two- y g
position, speed-control throttle p /, TWO SPEED T'IROTTLE,

valve on the bed supply line. P T p
When valve 38 is open, as shown 8.A 9in the diagram, the fluid will avoid j gthe constriction of the two |

\,

position throttle valve and flow
1

through the bypass line. The bed p g g g
J

will then move in or out of the
9 |

treatment position more quickly. ]g jg [
Under all normal equipment op-

'

erating conditions the solenoid is '

energized and the valve is HAND MOTOR
ACCUMULATOR DRIVEN DRIVEN PUMP" shut." On the loss of power the

solenoid on valve 38 will be PUMP

deenergized and the valve will SUMP
allow hydraulic fluid to bypass
the throttle valve. This allows the reserve fluid in the accumulator to move the bed out of the
treatment position more quickly than would otherwise be possible.

It appears _that this is intended to more quickly remove the patient during a situation when the
accumulator or hand-driven pump are the only pressure sources.

From the electrical schematics, we also observe that if the power breaker to the motor-driven
pump opens while control power remains to the rest of the system, then the treatment will
complete its pmgrammed time. Then the system will withdraw the bed on the accumulator (or
hand-driven pump) pressure. The control circuit schematics show that in this case valve 38 j

,

remains shut.

If the assumption is true that the purpose of valve 38 is to allow faster retrieval of the bed
i when only the accumulator or hand-driven pump is available as a fluid source, then it is in-

consistent that valve 38 does not open when the pump-motor breaker oper.s.

i We do not claim that this is unsafe, we t;nly point out what appears, with our limited review, to
1 be an inconsistency in the control logic.

|
-

i

*
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NUCLEAR REGULATORY COMMISSION*
.

f WASHINGTON, D.C. 2006M001

\*****/ January 27, 1995

Thomas E. Hill, Manager
Radioactive Materials Program
Department of Natural Resources
4244 International Parkway, Suite 114
Atlanta, GA 30354

Dear Mr. Hill:

This is in further response to your November 1, 1994 letter requesting
technical assistance on evaluation of the' gamma knife device failure. 4

Enclosed is the final report from our contractor, the Idaho National
Engineering Laboratory (INEL) which we previously discussed with you by |

telephone. Also enclosed, is a letter from INEL axpressing concern regarding |
an electrical circuit that was also identified during their evaluation. '

\

We would appreciate your sending a copy of both the report and the letter to |
Elekta Instruments, Inc. and we welcome any comments you or they may have. |

|

cerely, |
7

bau(l H. Lohaus, Deputy Directors

Office of State Programs

Enclosures:
As .itated


