MedStar Health
September 23, 2005

VIA U.S. MAIL AND VI4 FACSIMILE
(610) 337-5241 and (610) 337-5269

Mr. Samuel J. Collins

Regional Administrator, Region I

United States Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA 19406

Ms. Pamela J. Henderson

Chief, Medical Branch, Region I

United States Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA 19406

Re:  Follow-up to Reporting of Event Occurrence
Dear Mr. Collins and Ms. Henderson:

Enclosed please find materials which are intended to comply with the requirements of 10 C.F.R.
§ 35.3045(d). As you may be aware, the Washington Hospital Center (“WHC"" or the “licensee™)
recently complied with the requirements of 10 C.F.R. § 35.3045(c) and reported an event which
occurred on April 9, 2003 upon instruction of Ms. Penny Lanzisera of your office after it was
recently informed that technical advisors from the Nuclear Regulatory Commission (“NRC”)
Headquarters have definitively concluded the occurrence constituted a reportable medical event.

At the time of the occurrence, WHC concluded that the incident was not a repcrtable medical
event, however, the patient and the referring physician were immediately informed of the
incident, as well as the Radiation Oncologist, Dr. Robert White’s conclusion, tiat there was no
clinical significance to the patient resulting from the incident. The licensee mzintains this
incident was not a reportable medical event and the patient is already aware of *he circumstances,
hence, WHC has not re-contacted the patient directly to inform them of this recent report to the
NRC. However, the refernng physician is aware of the ongoing discussions with the NRC.

WHC has been in regular contact with your office about this occurrence since March 27, 2005,
when the NRC raised potential concerns about the incident. WHC has thoroughly reviewed and
investigated the matter, and has responded to each of multiple different requests from the NRC
for additional information about the circumstances. Despite these multiple cooperative
discussions and reporting submissions, the NRC felt compelled to request techrical assistance
from NRC Headcuar:ers and ultimately engaged the assistance of an outside ccnsuiting
Radiation Oncolcgist to review the case and to interview the licensee.



Although WHC strongly disagrees with the NRC’s assessmen: of this matter, 'WHC would like
to take this opportunity to summarize the facts relating to this occurrence, the rationale for ils
determination of why it was not a reportable medical even:, clarify its prior reports, correct an
error that was previously reported, and provide the legal support for its position.

Factual Background

On April 9, 2003 a patient underwent an. 11-stop Gamma Knife treatment for a left acoustic
neuroma. Due to the location of the tumor, the Radiation Oncologist and Neurosurgeon
exercising their professional judgment, determined that the nght anterior fixation pin of the
stereotactic apparatus which holds the patient skull in place needed to be remcved ‘o avoid
collisions with the pin during the Gamma Knife treatments. This resulted in oaly three (3)
fixation points holding the stereotactic frame, instead of the maximum four (4.. However,
without removal of this fixation pin, planned treatment positions could net be attainable and the
patient would have to forego treatmnent. The physicians have been trained in this 3-pin technique
and the 3-pin technique has been scientifically validated.! Moreover, the physician’s involved
have a number of years of experience in positioning and setting the stereotactic: frame on patients
and positioning it in the Gamma Knife apparatus.

This particular patient was a very large person who had a very large head which requared the
head to be positioned medially in the frame. The neurosurgeon followed the mianufacturer’s
guidelines for tightening the fixation points, manually attempted to move the frame upon the
patient’s head, and confirmed via Magnetic Resonance Imaging (“MRI”) that the frame was
stable ou the patient’s head and had not shifted. Upon removal of the pin, boti the
Neurosurgeon and Radiation Oncologist confirmed that the fixation points were stable by
checking the positioning of the frame through insertion into the Gamma Knife apparatus. No
indication of movement or inadequate tightening was identified.

The patient successfully underwent the first 10 stops of treatment without incident.
Unfortunately, at a point during the second half of the 11" and final treatment stop (lasting less
than 1 minute), the patient coughed or sneezed resulting in dislodgment of the scle anterior pin
resulting in 2 6mm shift on the skull level. When the muffled sound from the patient was
observed, the Radiation Oncologist immediately queried the patient to determine if there had
been any problems. The patient relayed he was fine and made no indication of frame movement.
Having no reason to believe that the apparatus had shifted, the session proceeded to termination.
At the end of the session, it was observed that frame appeared to have slightly shifted at the
location of the left auterior pin.

The Radiation Cncologist in conjunction with the Chief Medical Physicist, after considering the
degree of pin shift, dose delivered, duration of delivery, and likely location of the delivery site
determined that there was no unintended permanent functional ¢amage to any organ or system a
result of the incident. After further review by the Radiation Safety Officer anc. other institutional
officials, it was reasonably determined that patient intervention resulting from the cough or

' See enclosed, MacKenzie, James T., et. al, Validity of Ssereotactic Frame Localization Durisg Radiosurgery After
One Fixation Pin Removal, . NEUROSURG (SUPPL §) 97:539-541, (2002).

Page 2 of 8



sneeze and the force exerted upon the frame due to the patient’s large size and weight, was the
exclusive root cause of the event. The licensee could have neither planned for, nor prevented the
occurrence absent forgoing treatment on this patient entirely. Since this occur-ence, WHC has
not performed any Gamma Kunife treatments utilizing a 3-pin technique.

On March 31, 2005, following an expression of concermns about the incident by Ms. Lanzisera,
the WHC Radiarion Safety Officer provided the NRC with supplemental information to address
the NRC’s question about the Gamma Knife incident. Included in those materials was a report
created by Rosanna Chan, Ph.D., Chief Medical Physicist which descnibed the event occurrence.

On or about May 18, 2005 after conducting an initial review of the matter, anc. despite NRC’s
later contention that items submitted by Dr. Chan were not readable, WHC wes advised of
NRC’s conclusion that this incident should have been reported as a medical event under the
NRC'’s required reporting provisions. We presumed, that without significant {actual analysis, the
NRC somehow concluded the event did not result from patient intervention. l{owever, NRC
never formally communicated the basis for their conclusion.

As aresult, on ot about June 15, 2005, WHC and the NRC had a conference call and it was
agreed that WHC would provide supplemental information to the NRC. Amoang the materials
requested were further information about the dose and site delivery location, Lut no specific
furtter inquiry zbout the head frame set-up or facts swrounding the frame setting. The NRC was
also provided with copies of or reference to the article identified above which scientifically
validates the 3-pin technique.

In early July, WHC was again contacted by the NRC with specific additional -equests for
information and “readable” images relating to the estimated delivery site and dosage. No
specific inquiry was made about the frame placement or related facts. Due to vacation
schedules, conference schedules and an office renovation, WHC was not able to respond until
August 4, 2005. In that response, Dr. Rosanna Chan provided provide restatements of her initial
report in response to the requested information along with digital color image: representing
WHC review of the matter. We were subsequently advised that the NRC cou!d not interpret the
images and that they had engaged a Radiation Oncologist to review the mater als and interview
the licensee who was scheduled for September 12, 2005.

Patient Intervention Determination

On September &, 2005, I was informed by Ms. Lanzisera in a telephone conversation, that the
NRC technical advisers issued a report, without consulting or waiting for thei: own Radiation
Oncologist’s review of the factual circumstances, which concluded (paraphrasiing) that after
reviewing the submitted materials, discussions with the device manufacturer, and discussions
with other unnamed sources, three factors potentially contributed to this incidznt: 1) the 3-pin
technique along with inadequate tightening of the single anterior pin; 2) the rctational forces
exerted by the equipment during movement through the 11 stages of treatment; and 3) the
patient's coughing/sneezing. As a result, the NRC apparently concluded that the event was not
solely due ro patient intervention and hence would be reportable if the dose delivered off-site met
the regulatory thresholds.
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We believe this conclusion was made without a factual basis and we believe is a flawed
interpretation of the NRC’s regulatory requirements. Specifically, there is no :ndication at all
that the sole anterior pin was inadequately tightened. To the contrary, evidence from the
witnesses present, their employment of their medical judgments and experierce, as well as the
documented medical records shows no indication of inadequate tightening. Tiie NRC’s
conclusion that the sole pin was inadequately tightened on the basis of a resulrant positional shift
presumes that no pin can ever shift once the head is properly tightened in the frame. In fact,
physicians use their medical judgment to determine adequate tightness of each of the pins and do
not tighten the pins to a degree that would prevent all movements under extrerae forces. To do
so would result in potential fracture of the patient’s skull or damage to the bra'n. Nor is such
tightening reconunended by the device manufacturer.

In addition, there is no reason to believe that any rotational forces resulting from device
movements through the treatment stages contributed in any way to this dislodzement. The
rotational forces exerted by the Gamma Knife device are minimal and such a conclusion is
purely speculative and not based on any fact.

Finally, utilization of the 3-pin technique is not prohibited, nor is it an action which negates
patient intervention as the cause of an incident. As discussed above, even when utilizing the
traditional 4-pin technique, pins cannot be fixed in a compleely immovable n.anner and they can
become dislodged due to patient intervention.

As you are aware, NRC regulations require reporting of certain qualifying medical events;
“except for an event rhat results from patient intervention™ The regulation dues not impose an
exclusivity standard or require reporting of any event “except for an event that resulis exclusively
from patient intervention.” Had the NRC desired such a standard it should have made it a
regulatory requirement. Therefore, whether or not inadequate tightening, the 3-pin technique or
rotational forces may have contributed to this incidert, such factors would no: eliminate the
ability for licensees to reasonably conclude that patient intervention was the root cause, and
hence, not reportable.

Similarly, application of such an artificial standard would appear to create agency policy in
substitution of regulatory language that was explicitly removed by the NRC f:om its proposed
regulations. I refer you to the commentary discussion of the NRC’s revised re:gulations found at
Federal Register/Vol. 67, No. 79, April 24, 2002 (FR 20331).

Issue 6: Does the Proposed Rule Adequately Address Patient Intervention?

Comments. The NRC received a range of responses to the Commission’'s question oa whether the
proposed rule adequately addressed patient intervention (i.e. acfions by the pitient such as
dislodging (emphasis added) or removing treatment devices or premature.y terminating
treatment)... 4 number of commentators said that the phrase in the proposed rule “that could
have been prevented by the licensee” was ambiguous and subjective (emphasis added), and
should be deleted because it would result in varying interpretations between NRC and licensees.
In addition, decisions on what are considered “reasonable medical practices” for patient conerol

? 10 CFR § 35.3045(a).
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infringe on the practice of medicine and showld be left to the physician’s professional judgment
(emphasis added). Therefore, this requirement is in viclation of Statement 2 of the proposed
revision of the Medica! Policy Statement: NRC will not intrude into medical judgm ¢nts affecting
patients, except as mecessary to provide for the radiation safety of workers an:l the general
public (emphasis added).’

Response. As part of the medical use rulemeking, the Commission is codifying @ common-sense
approach fo the reporting requirements for medical events that excludes incidunts involving
patient intervention. (emphasis added) In the proposed rule, the phrase “that could not bave beer.
reasonably prevented by the licensee” was added to § 35.304(2) in an attempt to avoid further
expenditure of resources by licensees and NRC in trying ‘o determine what covstitutes patient
intervention, which is not specifically addressed in the current rule. The issue has involved
whether or not a licensee did everything it should to prevent patient intervention curing Teatment
that resulted in a medical event. Following our evaluation of the comments on patent
intervention, rhe NRC deleted the proposed phrase from § 35.3045(a) because it did not seem to
clarify when an event caused by patient intervention must be reported to NRC as a medical
event (emphasis added).

In the final § 35.3045(b), we addressed the issue of when an event caused by patient intervention
must be reported to NRC as a medical event. In addifion, we added a definition of patient
intervention to § 35.2. As defined, patient intervention means “actions by the patient or human
research subject, whether intentional or unintentional suchk as dislodging or removing
treatment devices or prematurely terminating the administration.” (emphasis added). We
believe licensees should only be_required to_report serious medical events due to patient
intervention (emphasis added).

Paragraph (b) of this section in the firal rule requires licensees to repart ary event resulting from
intervention of a panent or human rescarch subject in which the administratior of by-product
materials or radiation from by-product material results or will result in unintended permanent
functiona!l damage to an organ or a physiological system as determined by a physician
(emphasis added). As a result of the significantly higher threshold, the NRC wiil only receive
reports involving patient intervention for events with serious consequences (emphasis added),
(e.g. umntentional permanent functional damage).

This reporting requirement shosuld result in decreased regulatory burden on licensees (emphasis
added) because in most situations where patients intervene in their treatment, either volurtanly or
involuntarily, there is no permanent functional damage. Therefore, the revised reporting
requirement should significantly reduce the resources expended by the NRC and licensees in
debating what are considered reasonable medical practices for patient control because the NRC
will no lonnger require most of the reporis it currently receives involving patient intervention. In
addition, it should avoid intrusion into medical judgments by the NRC beceuse tire decision on
whether the administration resulted in permanent functional damage to ar: organ or a
Pphysiological system is to be determined by a physician. (emphasis added)

In relevant part, the NRC specifically remcved from its proposed regulations he reportability of
patient intervenion “that could have been prevented by the licensee” agreeing; that the standard
was ambiguous and “would result in varying interpretations between NRC and licensees.”
Instead, the NRC specifically chose a stancard that acknowledged the “decisions or: what are

? This position wes adopted as the NRC's Statement of GeneralvPol.icy at 65 FR 47645 (Aug. 3, 2000).
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considered ‘reasonable medical practices’ for patient control infringe on the practice of medicine
and should be left to the physician’s professional judgment.”

WHC is concerned about the basis for the NRC’s conclusions and about the development of a
reportability standard not contemplated by the NRC’s regulatory authorities or guidance which
effectively eviscerates the regulatory framework established by the NRC. Un:ortunately, and
ironically, the NRC’s approach to this occurrence appears to have resulted in precisely the
conflict and waste of resources this regulatory revision was intended to avert.

As aresult of the foregoing, WHC believes it reasonably concluded that the pitient’s
intervention was the root cause of the event and it has no reason to believe that any other factors
contributed to the event nor does it believe it has a reportability obligation for this occurrence
under existing NRC regulations and guidance.

Dosage Level Criteria

Notwithstanding the foregoing, in addition to believing this matter was not reportabie, WHC
stror.gly believes that the dose delivered off site does not even qualify as a medical event under
NRC regulations.

In my phone conversation with Ms. Lanzisera of September 9, 2005 she also relayed the NRC
technical advisers conclusion which accepted as fact that the patient received 760 rem
approximately 6mm off site when they were expected to receive 260 rem in violation of 10
C.F.R. §35.3045(a)(3). As she and I discussed, I was somewhat puzzled by those figures and
couldn’t understand how they were derived. I pointed out to Ms. Lanzisera that we had reached
e different conclusion on the doses, yet she was unable to offer an explanation of how the figures
were derived.

Regrettably, upon further review of the matenals submitted we’ve discovered one issue that
should be clarified from our prior reports and a second issue that we believe v-as reported
incorrectly, both of which would have an impact on the dose level conclusions. Unfortunately,
we were not able to discover these omissions until we examined the reports further because we
did not adequately understand what Dr. Chan was conveying.

First you’ll notice that the reports generated by Dr. Chan described a “worst-case scenario” and
are theoretical in nature not factual because they do not accurately represent tae likely site
location for the following reasons.

The reports suggest a site location that was 6mm off site. In fact, the 6mm sh: fi represents the
pin shift at the scalp level. Because of the position of patient in the device, the position of the
tumor, and the fact that the posterior pins did not shift, it is imaprobable to cor:lude that the
unintended dose site was also a full 6mm off. Unfortunately, however, taere (s no adequate way
of determining the precise location off site, hence the 6rmm figure was provided as a theoretical
WOrst Case scenario.

* The NRC further concluded that onl y senous medical events resulting from patient intervertion and resulting in
unintended permapent functional damage shall be reported to the NRC.
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Second, Dr. Chan’s report of August 4, 2005 — Figure 6, suggest that the unin‘:nded dose o
location was between the 10% (2.6 Gy) and 20% (5.2 Gy) isodose lines. After further review, it
appears we referred the NRC to the wrong image and that the text does not accurately reflect the
unin‘ended site location. As you can see from the Figure #6 from Dr. Chan’s report pasted
below, the correct image representing the off site location would be at Z coorcinate 135.5 which
is the image in row 2, column 2. As you can see from that image, the dose location off site at
target would be at approximately the 30% isodose bar range.

<« Wiip

blesght: o L 0.0 ;D

[ I i‘:-,:p'\m_-. o

Again, however, these images reflect the estimations based on the 6mm off tumor calculations
which have their own faults as described above. It’s likely that the shot at target was even closer
to the tumor. Nonetheless, by our calculations the dose expected at the 30% izodose line would
be 780 rem. The unintended dose if delivered in its entirety off site would be 518 rem.
However, please recall that the patient intervention occured at least % way through the final
sequence. As such, we calculated the unintended dose at this level to be no more than 259 rem
additional to the unintended site. By these calculations, we don’t believe the rnedical event
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criteria of 10 C.F.R. § 35.3045(2)(3) is established. Furthermore, we wou'd point out again that
the unintended site Jocation at target was the auditory canal which again resulied in no patient
harm, nor is thet a location that fits the criteria of the above regulatior..

As aresult of the foregoing, WHC believes it reasonably concluded that the patient’s
intervention was the root cause of this event and it has no reason to believe that any other factors
contributed to the event. We’ve further concluded that even if patient intervention was not a
factor, the incident did not rise to the regulatory threshold for a medical event.

The Washington Hospital Center appreciates the role of the NRC in regulating; icensee activities
and in attempting to assure patient safety, and we’ve been as forthcoming as possible with the
NRC, its advisors, its consultants about this occurrence. We hope that the NRC will be able to
raise any continuing concerns that they may have ebout this incident with WEC and that this
matter can be resolved through an appropnate dialogue with 1ts representatives.

We hope that you will share this report with the NRC’s technical advisors and medical
consultants, particularly the discovery of the errata previously reported to the 'WNRC and that the
NRC will reconsider its prior conclusions.

Thank you for your review aud attention to this matter. We look forward to d:scussing the
enclosed materizls and addressing any other issues the NRC may wish to disci.ss. Ican be
reached a1 (202) 444-3553.

Sincerely

Alexandey'D. Eremia, J.D., L¥,
Associate General Counsel

Enclosures

Cc:  Shashadhar M. Mohapatra, Radiation Safety Officer
Robert L. White, M.D., Radiation Oncologist
Jeffrey Jacobson, M.D., Neurosurgeon
Rosanna Chan, Ph.D., Chief Medical Physicist
Jeffrey Matton, Vice President, Professianal Services

Page B of 8



. '-,‘;
L
u
f J Neurosurg (Suppl 5) 97:539-541, 2002
I
- !\k
i)
i~ .o . . . o
Y% Validity of stereotactic frame localization during
- i : 1 ot 3 7
radiosurgery after one fixation pin removal
=4 B!
J ‘?j )
ed Janes T. MACKENZIE, MLS., MATTHEW B. PODGORSAK, PR.D,,
- @ AND DOUGLAS MORELAND, M.D.
i
A B Department of Radiation Medicine and Gamma Knife Center, Roswell Park Cancer Instirute. Buffalo,
0: 3 New York
e
i0- b )
he } Object. This study was designed to cxaminc the effect on target localization of rc .'novipg one fn_r.ation pin or post.
3- 'id Methods, A stereotactic frame was upplic.d to » head ph:;nmm by using four fixarior. pins. C‘ontlggo_us axjal com-
e puterized tomography (CT) slices (1 mm thick) were obtained through the head phant'om. Usmg ¢linical reatment
to- ’ planning software, a marker was identified and its coordinates were determined. The imaging procedqre and point
a} f’{ lecalization were repeated independently seven times in the contro) configuration. after four-pin fixation. to study
ro- L reproducibility. .
Its. . Standard deviations in marker coordinates weee 0.013. 0.046, and 0.035 mm alony! the X, y. and z axes. tespective-
ly, indicuting excellent reproducibility. Each of the four pins was then removed scparately, leaving three pins prov§d-
ol- »{ mg fixation 1o the skw)l. lmaging was repeated for each threc-pin configuration. To simulate the forces at each pin-
giz : skull interface, a lever arm was connccted to the hcud phantom allowing application of vanable torque to the system,
ay. e The CT scans were obtained for cach torque strength and pin removal combinatior:. Macker coordinates were com-
pared with the control, ) .
2U- . Conclusions. In mosc cases, it was found thu! accurate target positioning could be achieved after removal of a sin-
g gle pin and/or post, When high torque was vscd, however, removal of a pin resulted inup to a 1.2-tom ervor. The find-
ic- . ings may be significant for clinical pmctice, depending on the candilion being treate d.
act ¥
E’ KEY WORDS =+ stereotaxy < localization ¢ gammaknife - ccllision
g
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e,
,‘ HE Leksell Gamma Krnife (Elekta, Stockholm, Swe- Treatment with GKS is performed with a stereotactic
: I den) delivers a highly focused radiation dose that is frame invasively secured to the patient’s skull. A fiducial
used to weat both benign and malignant intracranial marker system attached to the frame duning imaging al-
¢ lesions. The treatment procedure involves the localization lows a transformation of palient anatomy (o the slerso-
.. of a target lesion by using CT or magnetic resonance im- tactic system using the GaramaPlan software. Standard
i~ aging and then delivening radiation “shots’ to those sites. stereotactic frame applicatior. involves the use of four fix-
.« Eachradiation shot involves the combination of 201 high- ation pins to anach the frame securely to the patient’s
i« ly focused beams of radiation emitied from *Co sources head. During treatment, thers are times when a shot can-
j; that converge on a centrally positioned target. The exact not be celivered because of « collision between either the
. (&, y. and 2) coordinates of the target for each treatment patierit's head or frame &ni a ceilimator helmet. Oc-
are .detemuned using a .ﬁ ucial marker rc.fcrcn'ce system casionaily, it1s possible to remove the pin or post espon-
positioned about the patient’s head during imaging. Treat- sible for the collision and continue treatment. The aim of
ment planaing is performed using a commercially avail- this work is o identify the ac:uracy of (reatment delivered
1le software package (GammaPlan; Elekta). Varying the  with three-pin fixation when all imaging and planning
- time of exposure and using different sized collimator hel- have been performed based on four-pin (ixation.
i mets can alter the shape and intensity of each radiation
s10t celivered during 1 GKS procedure. Typicaily. a com-
‘ ‘lamz{.tion dof several shots ils requited to cover an irregular- Materiais and Methods
¢y she arge ately. ‘ _
LT aped rarget adequately A slereotactic frame was apg icd to an antinopomorphic head
4 phantom (Rando; The Phamtem laboratory, Sulem, NY) by using
‘ Abbreviations used in rhis paper: CT = computericed tomogra- four fixation pins in the standurs clinicad protocol. A clinical fidu-
v phy. CKS = gamma kaile radiosurgery wigl marking systern was attached 1o the frame. Contiguous 2xial CT
i
102 f
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A1G. 1. Axial CT slice through the anthropomaorphic head phantom. The arrow points to the marker that was localized

under different pin removal and applied torque conditions.

slices {1 mm thick) were obtaired from the base of the {rame ta the
tep of the sxull. All images were then transmitted over a Jocal area
network to the GammaPlan systemn. On traasformation ta the stereo-
tactic coordinate system, a smail 1-mm marker was identified with-
in the iraage set (Fig. 1) and its spatial coordinates (x. y. and z) were
recorded. The position of the marker within the phantom was slight-
ly postedor in the y axis and in the midline in the x axis.
Reproducibility was assessed by independently repeating the imag-
ing procedure and point localization for the four-pin fixaton seven
times in the control configurat.on. Next, 3 single pin was removed
and the experimental pracedure was repeated. A 15-cm-long lever
arm was constructed and attached to the inferior part of the phantom
(Fig. 2) to simulate forces at the pin-skuil interfaces resuling from
awkward patent positioning within the cotlimator helmet during
weatment. Different forces were then applied at the end of the lever
amm lo provide different torques that produced varying forues ai the
pin-phantom skull interfaces. Varying torque strengths were used in

Fic. 2. The znthuopomorphic head phantom with stereotactic
head fiame and fiducial apparatux apphed. A lever am with ap-
plicd nrodest weight 15 alsa shown.

£40

different experiments based on estimaws of Jow, normal. snd high
forces that might influence the stereotastic frame positioning rela-
tive to the patient’s skull during a clin cal treatment. Separate CT
scans were acquired for each torque strength and pin removal com-
bination. The location of the marker was identified in each image
set and compared with the control values.

Results

Standard deviations in marker coordinates localized on
CT scans obtained with all four fixation pins in place and
no torque applied were 0.013, 0.046, and 0.039 mm along
the x, vy, and z axes. respectively, indicating excellent
localization reproducibility. Furthermore, in zil seven coun-
trol experiments, both intra- anc intercbserver reprodu-
¢cibility were excellent. Table 1 shows shifts in marker
coordinates after application of varying torques with
three-point fixation. Removal o the night antevior pin
showed little reference coordinate deviation from the con-
trol values. With approximately 6.5, 11.3, and 27.8 Nm of
torque (minimal. intermediate, and maximal) applied in
three different experiments, the ccordirates deviated from
the control by 0.1, 0.1, and 0.0 mm, respectively, in the X
plane; 0.34, 0.14, and 0.14 mur, respectively, in the ¥
plane: and 0.07, 0.03. and 0.07 mm. respectively. in the z
plane. Similarly, removal of the left anterjor pin when
applying an even higher torque (32.3 Nm) showed mini-
mal change 1n marker localizatior.

Posterior pin removal hed slightly more of an effect on
marker coordinates than did anterior pin removal. With
minimal, inteymediate, and max mal torques applied in
three different cxperiments following vemoval ol the rgat
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2. removal and stereotachc localization

TABLE 1

Shifts in marker coordinare localization with various
combinations of pin or post removal and applied lorque™

G

Pm Torque (Nm) Cocrdinate Deviation From Controls (mm)
A—
at ant 6.5 =010 y=034 2=007
fant 113 x=010 y=0.14 1=003
nant 278 % =0.00 y=014 1 =0.07
It ant €S x=0.10 y =0.14 1=0.07
. ltant 1.3 x=0.10 y =024 z =007
1t unt 278 % =0.30 y=024 z2=007
It ant 323 x =0.20 y = 0.64 1 <=0.07
npos 6.5 x=0.20 y =044 2 =0.03
1t pos 113 x = 0.20 y =044 2 =0.07
. npos 278 x = 0.60 y=024 130,87
" legos €5 x =0.01 y =066 2=027
lLgos 113 x=0.10 y =076 1=0.57
- ltpos 278 x 3 0.60 y = 0.76 =063
2 Ntpos 32.3 x =0.02 y =116 1=0.57

* ant = anterior: pas = posterior.

posterior pin, the coordinates deviated from the control

“values by 0.2, 0.2, and 0.6 mm, respectively, in the x
plane; 0.44, 0.44, and 0.24 mm, respectively, in the y
- piane; and 0.03, 0.07, und 0.67 mm, respectively, in the
-z plane. As expected, the coordinate differences were
¢ largest when the right posterior pin was removed and the
“highest torque was applied (~ 27.8 Nm); the x plane
‘movement of 0.60 mum and the z plane movement of 0.67
‘tem were both relatively minor. Left posterior pin removal
© caused the most significant coordinate changes when the
“highest torque (32.3 Nm) was applied. The y plane co-
- ordinates differed from the conwol values by 1.16 mm,
- whereas with the x plane and z plane differences of 0.02
-and 0.57 mm, respectively, were observed. This Y-axis
‘value was the only coordinate in any of the experiments

‘that exceeded a 1-mm shift relative to the control values.

A torque of 32.3 Nm s relatively high and is probably
< much more than would be generated by any patient (even

awkwardly positioned for treatment). Even so, the local-

: ization difference was only approximately 1 mm. When
- Worque was applied in the other three experiments after re-
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moval of the left posterior pir, the coordinates deviated
from the control values by 0.1, 1.0, and 0.6 mm, respec-
tively, in the x plane; 0.76, 0.76, ané 0.76 mm, respcc-
tively, in the y plane, end 0.27, 0.57. and 0.63 mm, re-
spectively, in the z plane.

Discussion

It was found that after removal of a single pin, the great-
est changes in marker localization {1.2 mm) occurred
when the highest torques were applied, particularly after a
posterior pin has been removed. This implies that when
a patient 15 awkwardly positioned during treatment and
high torque forces are applied at the pin-skull interfaces,
the dose distibution fram a s'iot may be delivered up to
1.2 mm from its intended location if a pin has been re-
moved to prevent a collision. More modest applied torque
strengths did not significantly alter the positional target
coordinates. This suggests that very accurate dose celiv-
ery is possible even with on'y three-pin fixation of the
frame to the skull provided :ttempts are made to muni-
mize forces at the pin-skull interface. This can be accom-
plished by positioning patien!s in such a way that forces
on the frame during GKS are minimized. The significant
finding of this study is the confirmanen that three stereo-
tactic headholder pins do indved provide adequate stable
positioning of the target volume under expected clinical
conditions with low and modcrate torque forces applied.

Conclusions

The results of this study suggest that in certain circum-
stances, GKS may be continucd even if physical collisions
or medical circumstances neccssitate removal of one pin
to complete the treatment.

Address reprint requesis ro. M:tthew B. Podgorsak, Ph.D, De-
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Pack Caancer Institute, Buffalo, New York 14263, email: matthew.
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