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The goals of this task group are to examine the current high dos¢H&®) treatment delivery
practices and to prepare a document to assure safe delivery of HDR treatments. The document
consists of detailed HDR procedures for design of an HDR brachytherapy program, staffing and
training, treatment specific quality assurance, and emergency procedures. The document provides
an extensive quality assuran@@A) check list. It reviews all aspects of HDR treatment delivery
safety, including prescription, treatment plan, treatment delivery, and radiation safet$99®
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[. INTRODUCTION ance and provides many references. AAPM TG Report No.
40° offers some QA recommendations while AAPM TG?56
offers a code of practice for brachytherapy including HDRB.
However, none addresses the details and issues related to the
safe delivery of HDR treatments.

The formation of this task group was prompted by the fol-
lowing developments(l) a death related to personnel errors
and malfunction during a high dose-ratdDR) treatment,

(2) greater use of HDR brachytherapy unit8) the United Of over 350 remote afterloading units sold in North
States Nuclear Regulatory CommissioftSSNRQ proposal — america, about 325 are HDR units, most of which use a
to rewrite 10 CFR 35 to include HDR brachytherapy quality nominal 10 CiIr-192 source. Institutions replace the 73.8 day
assurance and safety guidelines, adiithe need for educa- pait jife 11-192 source three or four times a yéaBource
tion on comprehensive HDR safe-treatment-delivery proceactivity at replacement is 3 to 4 Ci. A typical dose rate at
dures. The goals of this task group are to examine the curreRtastment distance is 5 Gy in 5—10 min, or 0.5—1.0 Gy per
HDR treatment delivery practices and to prepare a documeniy for a new source. While RAUs reduce personnel expo-

to assure safe Qellvery of HDR treatments. The dc_)cumergure of those performing brachytherapy, this is only one of
consists of detailed HDR procedures and an extensive quakg,erg| factors that account for their popularity. The technol-
ity assurancéQA) check list. It reviews all aspects of HDR ogy of RAUs and related issues of licensure, quality assur-
treatment delivery safety, including prescription, treatment, .o source calibration, their medical use, and quality man-

plan, treatment delivery, and radiation safety. agement and regulatory issues are the subject of recent
There are several reported incidents related to HD%uincations‘!'s‘”

brachytherapy treatments. The USNRC has reviewed these
incidents and analyzed their cauééEhe USNRC is consid-
ering new rules and regulations for HDR treatments. TheB. Summary of NUREG/CR-6125 (Ref. 2)
USNRC prefers that users, through professional associations
provide recommendations and practical guidelines.

Three models of HDR units are currently available in the

gzlti‘? Statez; Ial mu;roSeI(e;ctron I\H/lDdR fro(;nVNl.Jdetron'posure to patients and brachytherapy persof'mal.1992
elft, a model 14) from GammaMed, and Varisource four “misadministrations” with RAUs were reported in the

from Varian Associates. Each unit has unique output formata1 states under United States Nuclear Regulatory Commis-

for printouts, plots, and information transfer. One goal WaSsion jurisdiction. An additional four misadministrations were

to generate a general suggested QA check form applicable }%ported in 1993, three in 1994, and two in 1995. A misad-

all units. The task group members and consultants are a dfﬁinistration by USNRC-standards consists of delivering

vers!fled group of experlgnced users and the vendors Pl reatment to the wrong patient, using the wrong radioisotope,
senting each different unit.

. . treating the wrong site, using leaking sources, failing to re-
Terms used in the report are defined below: g g g g g

) X move a temporary implant, or delivering a radiation dose
RAU: remote afterloading unit. A brachytherapy treat- porary 'mp d

t unit which deli P ; irol stai i differing more than 20% from the prescribed dose.
ment unit which defivers Irom a remote control station raclio- o ' yman and mechanical factors contributing to these

active sources (o predesignated locations via Catheter?hcidents and to other less serious incidents are the subject of
needles, or applicators. . a recent comprehensive multiple volume regoftiuman
RAB: Re”f“’te afterloading brachytherqpy. BrachytherapyFactors Evaluation of Remote Afterloading Brachytherapy”
treatment using a remote afterloading unit. N is a 526 page document, in three volumes, published in May,
HDRB: High dose-rate brachytherapy. HDRB in this re- 1995 1 the USNRC as NUREG/CR-6125. The document
port |nd|clates RAB using an In-192 source of up to .10 C'reports the findings of a project in 1994 designedlioden-
(3.7x 10 Bq) producllng the dose-rate of 12 Gy/h or h|gher,[ify “root causes” of human error in the use of RARD)
at the prv.ascrlptlon point. . evaluate the effects these errors had on performance of RAB
LDRB: Low dose_-rate bra_chytherapy, where a typlCalfunctions and taskg3) identify and rank tasks with signifi-
treatment dose rate Is approximately 50 cGy per hour. cant safety problems, and) identify and evaluate alterna-

tSht?]IIalnd slho;JId are useddtrlrogghﬁ)gt(;hetreport o indi- tive approaches for resolving these problems. Volume 1,
cate the level of recommendatioshall Indicates a réCom- w4 man Error and Critical Tasks in Remote Afterloading

mendation needs to be adhered in order to meet the Currentlﬁ’rachytherapy and Approaches for Improving System Per-
accepted standards of HDR treatment deliv&fyouldindi- formance,” reports the significant findings: Volume 2,

cates a repommendaﬂon fqr a prudent practice. “Function and Task Analysis,” explains the individual tasks
O'perat|r.19 room or special procedure room: room Wherefdentified; and Volume 3, “Supporting Analysis of Human
applicator insertion is performed. System Interfaces, Procedures and Practices, Training and
Organizational Practices, and Policies,” describes RAB units
in detail, and their use. Executive Summaries, totaling 13
American Association of Physicists in MediciG@APM) pages, offer cogent summaries of each volume.
Task Group(TG) Report No. 4% describes HDR units. Volume 1 offers an overview of the contents and conclu-
Chapter 7 “Quality Assurance for High Dose Rate Brachy-sions contained in the other two volumes. Twenty-six oppor-
therapy” by Williamsonet al? describes HDR quality assur- tunities for human error were identified in RAB. Thirty-six

" Even as RAUs have successfully reduced brachytherapy
personnel radiation exposures, a few significant medical in-
cidents have resulted in substantial unplanned radiation ex-

A. Literature review
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alternate approaches or suggestion to performing tasks af@) Outpatient treatment. Shorter HDR procedures treating
offered as a means to reduce human error. Appendix A pre- most ambulatory patients as outpatients, eliminating ex-
sents error tables identifying 76 possible human errors in 14  pensive overnight hospital costs.
categories, such as applicator placement. Appendix B offer&3) More stable positioning. Reduced positioning uncer-
an extensive literature review of brachytherapy, misadminis-  tainty between localization and the completion of treat-
tration and error reports, as well as key literature in the field  ment due to better immobilization of applicators.
of human-system interfaces and human factors. (4) Adding distance to normal tissue. Short duration of the
Volume 2 notes that the function and task analysis of  procedure allowing some retractors to move normal tis-
RAB are characterized by 13 items, including task and step  sue away from the source track.
sequence, RAB system used, equipment arrangement, tag@® Smaller applicators. HDR gynecological tandems’ diam-
performers and supervisors, equipment used, task perfor- eter being approximately 3 mm, compared with 7 mm
mance times, input requirements, system feedback, possible for LDR applicators: This smaller size means greater
errors and their likelihood, staff workload assessment, dis- comfort (less pain for the patient during insertion.
traction levels and effects, and skills required. An error(6) Immediate treatment after changes in operating room
analysis was performed for each of the above. Skills assess- rather than waiting for a shipment of sources. Differ-
ment identified 19 skills needed to perform the RAB func-  ences between an executed implant and that planned
tions and tasks. A total of 27 tasks were identified for the  only requiring replanning prior to treatment, rather than
major functions of patient preparation, treatment planning  ordering a new set of sources.
and delivery, post-treatment, and quality assurance an(y) Better documentation. HDR unit printing out detailed
maintenance procedures. Extensive tables provide details treatment parameters rather than relying on the diligence
about each task and identify possible errors and their likeli-  of the person inserting the sources to write in a chart.
hood. Treatment planning was identified as requiring thg8) Reduction of radiation exposure to health care providers.
greatest skills. Human-systems interface problems identified Providing better radiation protection for all health care
included confusing computer menus and work process struc-  workers.
tures. This volume is useful in understanding how RAB pro-
grams often are organized and the process of treatment.
Volume 3 focuses on human-system interfaces and not
that users often were unfamiliar with the RAB units they
operate. Often operators could not see, during RAB, critical
controls and displays and system status information oftefil) Relatively complicated treatments system. Because HDR
was unavailable. Linkages between sequential tasks often treatments give large doses in as very short time, HDR
were overlooked and contributed to errors in execution of  systems require safety interlocks. This makes the units

Offsetting these advantages, HDRB carries with it the poten-
etg';ll for serious errors due to more unforgiving nature in com-
parison to LDRB: (1) technical difficulty; and(2) com-
pressed time frame for a large fraction dose. Specifically;

tasks. Verification procedures often were lacking. Training
practices varied widely and little written training material
was available. Most facilities with RAB programs lacked

more complicated and difficult to operate, and requires
longer training periods for physicists, dosimetrists, and
radiation therapists as discussed in next chapter. Conve-

formal training and retraining courses. Furthermore, the ma- nient dose optimization codes can be difficult for even
terials provided in these courses offered minimal informa-  experienced physicists to understand.

tion. Few written procedures and guidelines existed in mos{2) Compressed time frame. Since each fraction may deliver
of the facilities included in the study. a large dose, errors can lead to severe consequences. The

Information presented in the 526 pages of these three vol- entire procedure often must proceed quickly to prevent
umes indicates numerous opportunities for human errors in  patient movement, to reduce the probability for throm-
clinical practice. However, suggested alternate approaches to bosis due to patient immobility, and, in cases using gen-
human system interfaces, job performance aids, procedures, eral anesthesia, to minimize the expense and risk to the
and improved training can reduce the likelihood of errors in  patient. Often, an HDR unit coexists with an external
most of the critical tasks. Suggested organizational modifi- beam treatment machine in the same room. When either
cations could improve quality assurance and increase the op- schedule is delayed, those involved in both HDR and
portunity for detecting and correcting human errors. external beam treatments tend to rush.

Those willing to study these volumes will find numerous (3) Radiobiological disadvantages. Radiobiologically, HDR
suggestions that, if incorporated into an RAB program, likely  treatment may be expected to result in more normal-
will improve the program and markedly reduce the potential  tissue toxicity than LDR treatments, if the same tumor
for human error. effect is maintained with no change in geometry. Many

years of use will be required to determine the successful
use of HDR.
(4) Increased need for accurate dosimetric, anatomic and
geometric information. Maintaining doses below levels
that would compromise healthy tissué®eing more at
risk than with LDRB requires more accurate anatomic
and geometric information. Optimization, as practiced

C. Advantages and disadvantages of HDR
There are many advantages to HDR. They include:

(1) Dose optimization capability. Allowing better optimiza-
tion of the isodose distributions to the shape of the treat-
ment volume than LDR.
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with HDR brachytherapy, requires a better knowledge ofthat a 1.8 cm diameter colpostat has a diameter of 2(2jn;
the dose distribution desired than most LDR treatmentsthat the remote afterloader timer is consistent with the time
(5) The potential for very high radiation doses to patientsstandard used for source calibration when, in fact, there is a
and unit operators following failure of the source to re- 10% discrepancy; an@) that a 709 mm long source transfer
tract. tube is 712 mm long. The cause of this class of errors often
is inadequate acceptance testing or periodic quality assurance
Il. DESIGN OF AN HDR BRACHYTHERAPY (QA). The QA program shou_ld be dgsigned to ensure that e_lll
systems and devices associated with treatment delivery, in-
PROGRAM ) ) . X : .
cluding applicators, simulation aids, and treatment planning
The Task Group believes that the most effective and pracaids, are functioning correctly with respect to safety, posi-
tical strategy for minimizing treatment delivery errors andtional accuracy, temporal accuracy, and dose delivery accu-
other safety hazards is by carefully designing the treatmeniacy end points. The device-oriented component of the QA
delivery process with treatment delivery accuracy and patiensrogram should ensure that all devices are functioning cor-
safety end points in mind as well as more traditional desigrtectly and consistently with the procedures followed by the
end points such as clinical efficacy, cost effectiveness, phytreatment delivery team. The recommendations this docu-
sician convenience, and patient throughput. The treatmentent provides assume that an appropriate device-oriented
delivery process encompasses applicator selection and inse&DA program is in place and treatment delivery procedures
tion, implant planning and dosimetric evaluation along withare based upon an accurate picture of device function. Any
delivery of the treatment itself. The design process includegstitution practicing HDR brachytherapy shall develop a
developing step-by-step treatment procedures, specificatiaffevice-oriented QA program consistent with the AAPM
of personnel along with required credentials and duties, anttask Group 56 Report, “Code of practice for brachytherapy
design procedure-specific training curricula as well as definphysics,” on guidelines on acceptance testing, commission-
ing use of the treatment delivery and planning equipment. Ining, and periodic QA of brachytherapy devices.
this approach, the quality assurance program is not an extra
set of activities and checks imposed upon the treatment de-

livery process, but is built in to the process.
2. Random errors

A. HDR treatment delivery misadventures and types Minimizing randomly occurring treatment delivery errors
of errors is the main subject of this document. Such errors are due to
The Task Group prefers the term “misadventure” to de_individual mistakes, lapses in ju.dgment, or device malfunc-
scribe treatments which deviate from the safety or accurac}ons rather than to a false belief, shared by the treatment
criteria at the foundation of the institution’s QA program. An delivery team, regarding the function of a device. Such errors
event or incident is a misadventure if it has the potential tg"@y be due to(1) transient malfunction of a devid@fter-
compromise the patient's clinical outcome, safety of the paloader, applicator, or planning systen®2) failure of a team
tient, caregivers; or public, or if uncorrected, has the potenMember to follow established policie) making a mistake
tial to compromise safety or clinical efficacy of future treat- While following policies; and4) relying on policies and pro-
ments. A misadventure may be a treatment delivery errol€dures which inadequately define each team member’s du-
delivery of an incorrect or unintended therapeutic dose, of€S and responses to deviations from normally expected out-
failure to adhere to established procedures, which if repeategPMes. The most important causes of misadventure&2are
could result in future delivery errors. The Task Group be-(3), apd(4). _
lieves good clinical judgment must be used to identify mis-  Failure to follow procedures may be caused by inadequate
adventures; it is neither useful nor possible to set exact crilf@ining, inadequate supervision, or excessive time pressure.
teria for such events. Most HDR brachytherapy Making mlsjcakes while following po_llmes is oftgn a conse-
misadventures are caused by human errors or misjudgmerfi§!€nce of inadequate documentation or training, poor in-
made during treatment planning and delivery, rather than b{fatéam communication, poorly designed treatment-planning

failure or malfunction of equipment. Generally, treatment de-2nd remote-afterloader interfaces, an inexperienced or in-
livery errors fall into systematic and random errors. competent team member, suboptimal working conditions, or

excessive time pressure. The Task Group strongly recom-
mends that institutions make minimization of treatment de-
livery errors a high priority in designing both the HDR

A treatment delivery error is systematic if it is caused bybrachytherapy working environment and procedure flow. In
following treatment delivery procedures based upon incorthe final analysis, one must accept that individual random
rect assumptions regarding the properties of the treatmemtrrors and mistakes will occur even when the staff is well
planning or delivery systems. Such errors are systematic barained and experienced and when the working environment
caus€1l) no individual lapse of judgment or failure to adhere is ergometrically sound. Only by building redundant checks
to procedure was the cause aff] all patients treated ac- at each key decision point in the treatment planning and
cording to these flawed procedures are at risk for similadelivery process can the incidence of misadventures be re-
treatment delivery errors. Examples include assumidy: duced to an acceptable level.

1. Systematic errors
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B. Principles of an HDR brachytherapy program compliance with the stated prograif2) assess program ad-
design equacy and completeness; dBilto introduce improvements
to address any identified weaknesses. All HDR brachy-

and responsibilities of the treatment delivery team memberd1€rapy programs should have a formal comprehens'i\\g QA
and to provide for their training. HDR brachytherapy is oftenPrograms as described in the Task Group 40 Report Nb. 46

hectic since the time the applicator remains in the patient COMPrehensive QA for Radiation Oncology.”

must be minimized, creating an environment in which errors

and miscommunications easily occur. In developing a robusts 1 oatment documentation, procedure checklists,
error-free HDR treatment delivery program, the following 544 forms

basic principles should be followed.

Usually the physicist’s role is to define the organization

Good documentation is essential to a well-organized HDR
facility. This report recommends that each facility shall de-

Accurate HDR treatment planning and delivery presumeselop written procedures which address the issues listed be-
accurate information transfer among delivery team memberiow. For functions(1), (2), (3), and (5) specially designed
working in the operating room, simulator room, and theforms to be filled out for each patient treatment are strongly
treatment planning and treatment delivery areas. The radiaecommended.

tion oncologist, physicist, medical radiation safety officer, 1) Writt i d dailv treat t d
dosimetrist, and treatment unit operator must cooperat% ritten prescription and daily treatment record.

1. Use written documentation

closely and communicate accurately and unambiguously. Al 2) Treatment day remote afterloader QA protocol.

T L : ) . (3) QA procedure flow checkoff list.
critical information, including applicator types used, relation . . .
g app yp ;4) Physicist's treatment plan/documentation review.

of target volume to applicators, dose prescription, simulato . :
localization information, etc., should be recorded on appro-(s) D_e_pendlng on the complexity and frequency .Of each spe-
cific type of procedure, forms to document implant ge-

priate forms by the individual team member primarily re- . . e

sponsible for each corresponding activity. These forms _ometry, smw_ulaﬂon data}, and verification of computer-

should accompany the patient chart and film jacket as th |ze_d dwell-time calculat!o_ns.

patient proceeds through applicator insertion, treatment pla §) Written p.rotocols or qu|C|es.of treatment for commonly
treated disease sites, including treatment technique, dose

ning, and treatment delivery. o o e
9 y specification criterion, and dose prescriptions.

2. Develop a formal procedure Each brachytherapy practice shall develop written proce-

For each type of HDR treatment, the procedures and dudures and patient-specific documentation for each major type
ties of each team member should be carefully defined. #Qf procedure, as described above. Treatment documentation
radiation therapist, dosimetrist, or physicist assisting the phyShould aim for completeness, such that treatment could be
sician during the applicator placement should document thEetrospectively reconstructed if necessary. This treatment

applicators used, and whether bony anatomy, surface marglocumentation should be filled out as the information be-
ers, applicator geometry, or surgical clips will be used to0Mes available during the procedure as its main purpose is

select the active dwell position. For each QA check, the in{0 Minimize miscommunication by replacing verbal transfer
dividual responsible for performing the check and evaluating®f kY information by written communication. In addition,
the outcome, the item to be tested, the method used, tHeach institution should develop a mechanism, formal or in-
expected outcome, and actions to be taken in event of afprmal, for confirming compliance with the written QA pro-
undesired outcome should be well understood. To ensur@ram. Formalizing treatment execution by means of QA

compliance and to guide the staff, QA check lists should b&heck-off forms is often a worthwhile enhancement of the
used. basic “integrated” QA program. Developing such forms

forces one to systematically conceptualize the treatment de-
livery process. In addition to documenting compliance with
. , . QA requirements, check-off forms are useful for training
The physicist should review the proposed treatment dellv-new team members, and for guiding the flow of infrequently
ery process and isolate the vulnerable actions and deCiSioﬁbrformed procedures. However, the Task Group recognizes
points where mistakes could result in serious dose deliveryhat formal documentation of all QA checks constitutes a

errors. Each key step and essential piece of informatiogiyificant burden and may not be the only approach to con-
should be independently verified. How exhaustive, Ioglcallyﬁrming QA. For example, a small, highly experienced treat-

complete, and specific the QA test is depends on the physjqont “gelivery team, which frequently performs brachy-
CISt.S estimate on the incidence of the ta}rget error and ho"Yherapy procedures and supports an adequate level of
serious the consequences are to the patient and staff. redundancy, may not find comprehensive QA checklists use-
ful.

Probably no form is more critical to the safe execution of

The essential characteristic of a quality improvement oHDR brachytherapy as the treatment prescription and daily
comprehensive QA program is some mechanism by whiclireatment record. In many institutions a separate prescription
HDR brachytherapy experience is reviewed(1p confirm is written by the physician for each fraction. A radiation

3. Exploit redundancy

4. Exploit quality improvement techniques
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“ _RATE BRACHY as a well-defined space for the authorized physician to
‘ Ireatment Record and Prescription Form <UL 1ON sign and date. Either by means of a diagram, illustrating
‘ the approximate location of applicator system relative to
Name: Rad. One. No- the patient’'s anatomy, or by means of an anatomic de-
hotaps: __1c.192 pevie. NeroiEIDR S 0225 scription, the site of the implant must be included. An
o S 0 approximate indication of the desired time interval be-
e betven acom_ tween fractions and/or total duration of the treatment
time may be useful. Some means of clearly indicating
DoseTract Nor wre B Reisio LMD Date revisions to the written prescription should be included.
— - (3) For each fraction, a brief description of the applicators
Other Modifications: used. For intracavitary gynecologic implants, the col-
ot noreoription: RVl TE e postat or cylinder diameter should be documented along
— - with the tandem curvature. The type of applicator system
Other Modifications: (e.g., “Fletcher-Suit,” “ring”) should be indicated. For
Bore interstitial or transluminal implants, the number and type
e SN SN S N N . N of catheters should be indicated, e.g., “two 6 French 100
Wo."of catheters cm endobronchial applicators.” If different HDR treat-
L — : ment modalities or machines are available, the identity
Source Strengih <Gy ml/he) of the desired devicée.g., the afterloader serial numper
foegrned R Akerms Oy | ¢ should be included.
Towt Dwdl Timet - (4) A daily treatment record, showing the delivery date of
S each fraction, the absorbed dase other quantity deliv-
Total Dose (¢Gy) to dute - ered, the cumulative total dose, the source strength, total
il i B ’ dwell time, and integrated reference air-kerhRAK:
rome amd daie see Ref. 12 Integrated Reference Air Kerma, or IRAK,
275131 rev. 794 is defined as the product of Air-kerma strengjti units

of uGym?/s™}) and dwell time (units of seconds
Fic. 1. Example of a prescription form that combines the written prescrip- SummEd over all dwell p03|'t|0ns in the implant. The
tion, a generic implant diagram, implant description, and daily treatment  Units of IRAK areuGyn? (equivalently cGycrf). IRAK
record on a single sheet of paper. is the quantity endorsed by the American Brachytherapy

Society (Ref. 12, then the American Endocurietherapy

Society, to replace the obsolete quantity mgRaEqg-h. The
therapy summary sheet reflects the current status of treatment |CRU, in its Report 387 has recommended a conceptu-
(total dose and number of fractions given so)fand the ally equivalent quantity, Reference Air Kerma. For HDR
written prescription that drives the whole process: more de- brachytherapy, IRAK is a useful parameter since it
tailed descriptions of individual fractions, e.g., dwell time  should remain constant as the source decays for a fixed-
distributions, should be filed in separate sections of the chart. geometry implant. In addition, the daily treatment record
A form could be designed to include the prescription and all ~ should contain signature blocks for the physicist and
QA procedures. The form should be general so that at a Physician to document their pretreatment checks of the
glance, critical questions such as “is another fraction plan and remote afterloader input parameters and a sig-
needed?” can be quickly answered. Figure 1 illustrates such nature block for the treatment unit operator to sign fol-
a form. Each facility should adapt a similar design to their ~ lowing treatment delivery.

individual needs. Preferably, this above information should be contained on

The Task Grogpf rec_I(_)rTml\(laSgs 1(t3hzci:tF't::1e35pr§scripti9n/ da")é single page valid for the entire treatment course with sepa-
treatment record forniThe -32) requires rate sections or pages for each fraction. Other general

thatta wgttgn d|:ject|\ée db? p()jrebpatrﬁd prltc;]r t‘? a(r;y HDth(r)egEfraction-independent information that should be available, ei-
ment and signed and dated by the authorized user. er on the prescription form or on other summary forms, are

35.2 requires thaF the written directive specify the radioiso—(l) the diagnosis, including site and stage of disease (2nd
topg, tr'eatment. site, and total dgsshould prov.lde the fol- if HDRB is to be combined with external beam treatment, an
lowing information for each course of therapy: overall description of the integrated treatméetg., 40 Gy
(1) An unambiguous method of identifying the patient's whole pelvis, 10 Gy split field, 45 Gy periaortics, and 6
identity on all treatment records, forms, and radiographsHDRB fractions for a total point A dose of 70 GyThe latter
At minimum, this should include the patient’s name andinformation is useful for physicists and other personnel who
hospital number or radiation oncology patient number. review the proposed HDR treatment so that significant de-
(2) A clearly defined written prescription, including the frac- viations from department policies of treatment can be no-
tion size, number of fractions, total absorbed dose, andiced. The American Brachytherapy Society brachytherapy
dose specification criterion, e.g., dose to Point A, as weldose specification recommendatithsontain many useful
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suggestions for documenting target volume location and4) The graphic treatment plaiisodose plots and associated
shape, prescription criteria, and applicator characteristics that documentatiohitself, if distinct from (2) above.
are applicable to HDR brachytherapy. (5) Second calculations, as described in Sec. IV E 4, used as
In addition, the Task Group recommends that all docu- the basis of remote-afterloader programming or to verify
mentation specific to each fraction be filed in a clearly = computer-based calculations. The calculation should in-
marked section in the chart. All documents must bear the clude the prescribed dose, source strength, and all as-
patient’s name and date of treatment. At minimum, this in-  sumptions made.
formation should include: (6) QA check-off list, which is discussed further in the Ap-
pendix. All critical QA checks and redundant observa-
tions should be listed on the form. It serves to remind all
treatment delivery personnel of essential checks, pro-

(1) For multicatheter interstitial implants, a detailed cross-
section diagram of the implant, documenting the catheter

numbering system relative to. ex_ternally identifiable vides a simple and easily auditable record for demon-
anatomy. The channel numbéif different from the strating compliance, and is a useful tool for training
catheter numbey the identity of the simulation marker, newcomers in system operation.

and any information recorded at the time of S|mulat|on(7) Any hardcopy printout generated by the treatment deliv-

(simulation marker pull-back distances, insertion depths,  gry device which documents its performance during
catheter lengths, or offsets between most distal active eatment delivery.

position and catheter tjmmeeded to compute positional

programming parameters should be described. Througr]n_ STAFEING AND TRAINING
out this report, “distal” is used to refer to the direction

towards the applicator tip and away from the treatmen®. Staffing requirements

unit head while “proximal” denotes the direction t0-  Because HDR brachytherapy planning and treatments
wards the applicator orifice closest to the treatment unibroceed rapidly, the staff needs to be adequately trained with
head. the system to notice errors in planning or setup before they

(2) Forallimplants, a complete catheter-by-catheter descripactually become treatment-delivery errors. The operational
tion giving the insertion depth, the active dwell posi- grganization of a treatment facility must also provide cover-
tions, distance between adjacent dwell positions, and allgye in sufficient depth to intercept errors. Each facility must
dwell times. “Insertion depth™ is a general term used t0 getermine what constitutes appropriate balance between pro-
describe the location of the active dwell-position se-cequres to prevent errors, redundancy, and staffing levels.
quence relative to the closed end or orifice of the im-The |evel and intensity of quality assurance procedures often
planted catheter. Insertion depth is specified differentlyjepends on the complexity of the application and the training
by the competing HDR remote afterloader manufactur-ang experience of the team members. The need to intercept
ers. This list should contain all information needed togrrors quickly, and to provide independent verification, can
manually program the treatment unit but should be indextress radiation oncology staffs.
pendent of the afterloader so it can be used as the basis physicians, department heads, and administrators must re-
for verifying the accuracy of the program. At least somegjize that development and maintenance of a safe and effec-
treatment planning systems include this information intiye HDR program requires a significant time commitment
the printed documentation associated with each graphifor all staff involved, especially the medical physicist on
treatment plan. whom the burden of acceptance testing the equipment, de-

(3) Any information needed to identify the active dwell po- veloping procedures, and training other staff falls. Adequate
sitions and the programming parameters needed to defingaffing and equipment resources must be provided. For ex-
the location of each along the catheter track. For manymple, planning a facility, selecting appropriate equipment,
treatments, the active dwell positions must be manuallyacceptance testing and commissioning equipment, and devel-
identified from radiographs, prior to the computer plan-oping procedures may take as much time as installing and
ning and evaluation process. In these cases, the tasiccepting a linear accelerator.
group strongly recommends that at least the first and last For an experienced HDR medical physicist, 2—4 months
dwell position in each catheter, along with any offsetsof full time equivalent effort, depending on program com-
needed to calculate the programmed insertion depths gslexity, should be budgeted for starting up a new program.
treatment length$;® be recorded on a separate fofsee  For a qualified medical physicist without prior HDR experi-
Fig. 1 for an exampleas it is extracted from the radio- ence, additional time should be allowed. Once the program is
graphs. This document can then serve as the basis f@perating, demands for physics effort are less consuming,
entering data into the planning system and later verifyingout still significant. For example, performing four procedures
its output. For intracavitary surface-dose applicators inback-to-back can easily total 4-8 h of medical physicist
which active dwell positions are fixed in advance, thetime, including treatment supervision and treatment plan re-
desired active dwell distribution should be permanentlyview. For an average load of 10 fractions per week, includ-
defined in applicator-specific forms or written proce- ing periodic QA, staff training and treatment record audits, 1
dures which are used as the basis of entering data intBTE of a qualified medical physicist should be allocated.
the planning system. Departmental management should be aware that efficient ex-
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HDR PROCEDURE FLOW:
One Medical Physicist

Model
Time | Dosimetrist | L i Radiation Therapist/
Physicist | Oncologist Operator
Daily Unit QA
Nurse Insert applicator

Review films
Prescribe treatment

Verify source
Vv positioning

Review films & prescription
Develop planning strategy

Treatment
planning

Setup
patient

Deliver unit ;

erify treatmen
programming Ian/ialcjltatiints Program
parameters @ ] unit

Review treatment plan
& physics checks

CCheck treatment unit program & patient setup )
1 ]

( Attend treatment Treat patient )
Check for source
retraction

Audit Paperwork
secure unit

Remove applicator )

Fic. 2. HDR procedure flow: One medical physicist model.

ecution of several back-to-back treatments in a single dayeady to enter the room when a high-activity source is ex-
may require participation of more than one treatment teamposed in the event of a retraction failure. After the treatment,
one team to cover applicator insertion, while the other perthe operator must check the patient and unit to assure that the
forms treatment planning and delivery. source completely retracted, and check the record for any
Figure 2 shows one model for managing an HDR brachymistakes.
therapy case. In this model, a dosimetrist performs the do- Basically, one physicist model is the central recommen-
simetry (including reconstruction, dose calculation, and op-dation for minimum safety requirements. However, addi-
timization). The medical physicist and a radiation oncologisttional QA benefits may be acquired by a two physicist
perform verification checks on the results of the planningmodel: A dosimetrist entering the data under the direct ob-
The medical physicist performs an independent verificationservation of a medical physicist who watches for correct data
and checks that the resultant plan satisfies the prescriptioentry. A typical case may require the entry of about 350
passes tests for likely correctness, and that the program trangieces of informatiorisystems that use less information gen-
fer device, card, or disk contains the correct settings for therally allow less flexibility and/or may make inappropriate
treatment unit. The physician checks that the isodose distriassumptions about application geomgtit facilities using
bution satisfies the goals of the treatment, and performs sonthe two-person data entry model, correction of errors at the
simple, quick checks that could detect some more-likely ertime of entry by the second person is a common event. In
rors. this model, the medical physicist and dosimetrist leave the
The medical physicist and the physician verify that theroom after completion of the planning, and a second medical
program in the treatment unit matches those settings derivgghysicist and a radiation oncologist enter to perform verifi-
during the planning session. cation checks on the results of the planning. The second
Depending on the organization of the department and thenedical physicist does not attend the planning session so as
rules of the particular state, the medical physicist, the dosimnot to be influenced by discussions between the planners,
etrist, the therapist, or the physician could operate the uniivho could convince themselves that a decision was correct
during the treatment. One of the persons attending the treatvhen it was really in error. The second medical physicist
ment, preferably the operator, shall be trained, willing, andperforms the independent verification and checks as the
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HDR PROCEDURE FLOW:
Two Medical Physicist
Model

Time Primary Secondary
Physicist Physicist

Unit QA
{ea. Tx day)

Verify source

positioning

Resident Attending Th ist
Radiation Radiation
Oncologist Oncologisy

Insert applicator

Review films &
Prescribe treatment

383

sitions to recalculate an isodose distribution for comparison
with that generated by the primary computer system, rather
than regenerating a new, freshly optimized set of dwell
times. This procedure really checks only that the primary
computer’s dose calculational algorithm matches that of the
checking computer, and that the primary computer made no
calculational errors. Such errors are rare, and acceptance test-
ing of the computer system should check the correctness of
the algorithm. Relying of such a comparison to check the
correctness of the HDR plan fails to intercept the most com-

Review films & prescription
Develop planning strategy

( Generate plan )

mon human errors, such as mistaken data entries in the op-
timization routine, or incorrectly specified lengths. It is not
clear that verification of isodose distributions on particular
cases using a second computer system serves any purpose.
Table | outlines a typical division of labor for an HDR
brachytherapy program. It should be noted that some labor
will be shared by nurses who assist in assisting equipment
package, applicator insertions and removal, post-treatment
patient care, and equipment cleansing and resterilization.

Check plan
Check program

Review checks
of plan and
rogram

Treat patient

Check for source
retraction
Check delivered

treatment with
plan

Audit Paperwork
secure unit

Fic. 3. HDR procedure flow: Two medical physicist model.

Attend treatment

[Nurse }—{( Remove applicator )

B. Training requirements

A successful program requires a qualified and integrated
treatment delivery team with substantial experience. Addi-
tional expertise, required above and beyond board certifica-
tion, can often be acquired through focused self-study, care-
ful planning and preparation, and extensive practice with the
devices. All participating members of a HDR brachytherapy
single medical physicist does in the previous model. team shall be trained for emergency procedures for each type

Figure 3 schematically illustrates the flow of events with of application, with instruction on what to do when the emer-
the two-medical physicist model. This model requires fivegency procedures do not go according to the plan. Creden-
persons(two medical physicists, a physician, a dosimetrist,tials suggested by this Task Group include:
and a therapistjust for treatment planning, neglecting any  Radiation Oncologist. A broad-certified radiation oncolo-
nursing assistance needed through the procedure. This reatlyst with special expertise in brachytherapy, preferably HDR
adds only one persofa medical physicistto the crew that brachytherapy, is required. The physician must be licensed
normally develops and treats an LDR case, and does so toy the USNRC or an Agreement State to use the HDR unit.
reduce the likelihood of repeating the treatment planning andhs HDR brachytherapy remains a continuously evolving
dose calculations due to an error found during a check. Durtechnique, this experience should include following patients
ing an LDR treatment, such repetition adds little to the totaland quantifying clinical outcome. This, in turn, requires ap-
treatment duration, with the patient somewhat comfortable irpropriate biometry resources. Before beginning a HDR prac-
bed. For an HDR treatment, the dosimetry can account for &ice on patients, time should be spent visiting facilities with
large portion of the treatment duration, and the patient mayngoing programs. In a busy HDR practice, it may not be
be constrained to a rather uncomfortable position, and, thugractical for the attending radiation oncologist to be avail-
the proceedings move very quickly. able during each treatment. For example, the radiation on-

Figure 3 shows a department with a resident in radiatiorcologist may be occupied inserting applicators in the second
oncology, but the presence of a resident is not integral to thpatient while the first patient is being treated. In such cases,
model. an appropriately trained and supervised physician, e.g., resi-

Departments with limited staff, say with one medical dent radiation oncologist, may take on certain duties, such as
physicist and one radiation oncologist, and a radiographer fothecking setups, attending treatments, and removing applica-
the imaging, must meet the independent verification requiretors.
ment using a second computer system, or some form of Medical physicist. A board-certified medical physicist in
manual calculation. While both the second computer systemadiation oncology physics or therapeutic radiological phys-
and manual calculations assist in the verification when a sedes (or radiological physics with expertise in brachytherapy
ond medical physicist checks the plaios a physicist after a is required. The medical physicist should spend 1-3 weeks
dosimetrist generates a p)atthey form theonly basis when visiting at an established HDR program. At minimum, the
one medical physicist performs all roles. medical physicist shall have received vendor-supplied train-

Verification using a second computer system usually ening for both the treatment unit and the radiotherapy
tails entering the source activity, dwell times, and dwell po-treatment-planning computer system. A medical physicist
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TABLE |. One model HDR treatment delivery organization.
Radiation Medical
Activity oncologist Operator Dosimetrist physicist
Pretreatment Reviews patient Schedules Consults with
preparation history patient physician
Defines Tests and Commissions new
procedure, selects packages applicators
applicators applicators Designs
Schedules patient Contacts medical procedure for
physicist if nonroutine novel treatment
treatment
Applicator insertion Performs procedure Assists
physiciart
Documents
implant
Performs daily
QA®
Simulation/ Label applicators
localization Record simulation
marker identity
Measure
localization
parameters
Prescription/ Defines active Reviews Verifies positional

localization

Treatment
planning

Treatment unit
preparation

Treatment delivery

Post-treatment

dwell position8
Defines target
volumé

Writes
prescription
Defines
optimization
criteria

Reviews treatment
plan

Authorizes

treatment
responds to
emergencies as
directed by the
physicist

Disconnects
patient and
removes
applicatoft

radiographs,
prescription

Plans treatment

Prepares transfer
medium

Connects unit to Calculates HDR

the catheters positional
programming
parameters

Operates

treatment unit

Monitors

treatment

progress

Programs HDR
Sets up patient
Compares
treatment
program to
prescription

Surveys patient
and room
Removes patient
from room
Completes daily
treatment record
Checks paperwork
completeness
Secures
treatment device

parameters

Supervises
planning
Does manual
calculation

Checks
calculation

Reviews plan

Checks setup
Reviews daily QA

Check treatment
unit program
Monitors
treatment
progress
Reviews
emergency
procedures
Supervises
emergency
procedures

8May be performed by or with the assistance of a nurse.

PMay be performed by or with the assistance of a medical physicist.
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new to HDR brachytherapy should carefully work through HDRB. Initially, one person in each of the disciplines should
extensive commissioning tests for both the treatment unispend time at a facility that has been performing HDR pro-
and the planning system, and become competent at operatigdures to gain an understanding of the nature of HDRB. In
both systems. The medical physicist should carefully workaddition, all manufacturers of HDR units provide training
out procedures for each item mentioned in Table I. that prospective users should attend at the manufacturer’s

Dosimetrist. An individual with two years training in training center and/or the user’s site.
brachytherapy treatment planning is required. Formal quali-
fications include certification as a medical dosimetrist, certi-
fication as a radiation therapist with experience in dosimetry,
or an un_dergradliate dggree .in physics_ or rgo!iological scic Recommended training schedule
ences with experience in dosimetry. This individual should
have Vendor-suppiied training operating the treatment pian_ One person at an institution should be responsible for the
ning system. HDR Computerized treatment pianning Systemgubsequent training and examination of other staff members.
generally are functionally much more sophisticated than theifample training schedules include:

LDR counterparts. Such systems offer several choices fob erator

reconstructing the implant geometry from radiographic im- P
ages, have several dwell-weight optimization options, andl) Training in programming and operating the unit.

have more sophisticated dose specification procedures, do&® Training in daily quality assurance and safety proce-
display options, and methods for quantifying implant quality.  dures.

Some available systems have poorly designed user interfacé€3) Training in emergency procedures for each type of pa-
that contribute to difficulty in learning system operation and  tient treated, with instruction on what to do when the
increase the likelihood of making errors. Prior to treating  emergency procedures do not go according to plan.
patients, the dosimetrist should practice extensively with thé4) Training in monitoring the unit and patient during a pa-
system, with the goal of learning to plan treatments indepen- tient treatment.

dently of the medical physicist. For each type of procedurg5) Training in detecting errors and potential problem situa-
anticipated, the medical physicist and dosimetrist should tions.

work together closely to develop detailed written procedure$6) Supervised practice.

that specify which program options are to be used. (7) Unsupervised practice.

Treatment-unit Operator. This individual should have(8) Supervised operation during a patient’s treatment.
vendor-supplied training on the HDR unit, or the equivalent
from an in-house trainer if that expertise exists in the facility,
and must spend extensive time practicing with the unit be{1) Review of treatment planning system requirements for
fore treating patients. If assisting the physician during appli- localization and imaging.
cator insertion, this individual needs a good working knowl-(2) Practice treatment delivery with a dummy patient.
edge of the clinical aspects of the proposed treatmen{3) Supervised operation during a patient’s treatment.
including applicator properties, operation and selection, tar-
get volume localization strategies, and a good knowledge o
afterloader-imposed geometric limitations on applicator in-(1) Observation of planning for a patient’s treatment.
sertion. A medical physicist, dosimetrist, radiation therapist(2) Introduction to the treatment planning program.
nurse, or physician may be designated to deliver the trea{3) Walking through a sample case.
ment. Some states may require HDR operators to be licensdd) Practice on sample cases.
radiation therapists. The operator must be trained td5) Exploration of all parts of the planning software, and
promptly enter the room and follow the emergency proce- how to recover from inadvertent deviations from the nor-
dures should the source falil to retract into its shielded posi- mal protocol.
tion. (6) Recognition of when optimization has failed to produce

Radiation Safety OfficefRSO. The RSO has final re- a desirable dose distribution, and interventional tech-
sponsibility for the safe use of radiation at an institution, and  niques.
is responsible for all communications to regulatory agencie$7) Supervised operation during a patient’s treatment.
flow. While often the RSO may not be involved in daily Planning medical physicist
operations of an HDR unit, this person must review and ap-
prove the operational procedures and emergency plans. (1) All of the training for a dosimetrist and participation in a

As mentioned above, the persons involved in the planning  patient’s treatment planning performing the dosimetrist’s
and execution of an HDR treatment must be able to recog- function.
nize readily when some aspect of the treatment looks wrong2) Training in evaluation of all information returned from
All persons involved should be certified by their respective  the planning computer.
certifying bodies, unless they are in trainifguch as resi- (3) Practice in the use of the nonroutine parts of the soft-
dents and under close supervision by one who is certified.  ware.

Each of the persons involved needs additional training in4) Practice in optimization in nonroutine situations.

Radiation therapist

osimetrist
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(5) Recognition of when optimization has failed to produceparts. All accessoriethuttons, transfer tubes, adapters, )etc.
a desirable dose distribution, and interventional techshould be carefully checked for compatibility.

nigues.
(6) Supervised operation during a patient’s treatment. B. Applicator insertion
Verifying medical physicist Insertion of intracavitary and interstitial applicators is the

(1) All of the training for the planning medical physicist responsibility of the radiation oncologist. For transluminal
(2) Exploration of possible paths of errors " applicators, the placement is often done by a pulmonologist.
: The physics team involvement in the operative procedure

® glzr:phng technique to verify accuracy of a treatmemdepends on procedure complexity, physician familiarity with

(4) Instruction in the use of evaluation todle.g., forms. ::)haertiec?;;%rg:n';’hZrllt'jaglleerr%cuepp:gcl:tgr::n2%??@: gompehg]?g'rséf
(5 Supervised operation during a patient's treatment. the physics teanfexperienced radiation therapist or dosim-
Radiation oncologist etrist for routine procedures or a physicist for complex or
unfamiliar oneg attend the operative procedure. The essen-
tial operating room responsibilities of the physics team are to
(1) ensure that the appropriate applicators and accessories are
present, handed to the physician in proper order, and in-
stalled in a fashion compatible with the mechanical and geo-
metric requirements of the afterloading devi¢g) ensure
that tumor localization datddirect visualization, fluoros-
copy, bronchoscopy, ejcavailable only in the operating
room are properly recorded and correlated with dwell posi-
tion settings for later use in defining the treatment volume,
Once certified, a team member must remain active or un¢3) document the applicators used and their location on the
dergo refresher retraining. The NRC requires annual retrainprescription form, and4) for catheters, after the depth is
ing for all operators, but persons performing other functionssounded the ends should be marked so that it will be noted
may also need periodic reviews. Departmental guidelines rdater if they have been cut shorter by someone. Physics at-
quiring all authorized persons to participate in at least oneendance in the operating room can prevent errors such as

(1) Training in the nature of the applicators

(2) Observation of the placement of an applicator.

(3) Supervised placement of applicators.

(4) Discussion of desired dose distributions.

(5) Instruction on the interpretation of the resultant informa-
tion for a treatment plarie.g., computer printouts, iso-
dose distributions

(6) Instruction in the use of evaluation todle.g., forms.

(7) Supervised operation during a patient’s treatment.

procedure per month help keep the staff current. cutting catheters too short for attachment to the afterloader
transfer tubes, neglecting to remove the solid plastic inserts
IV. TREATMENT SPECIFIC QUALITY ASSURANCE inside flexible implant catheters used to form 180° loops,

) i i placing miniovoid caps on the applicator tubes with their 4
The following sections describe examples of QA ChE’Cksmm thick rather than 8 mm thick sides directed laterally, and

for each phase of the treatment delivery process. Genergle enting insertion of LDR- rather than HDR-compatible

descriptions of checks recommended by this report are tablﬁynecological applicators. Especially, in a teaching hospital

lated. Implementation of such measures by a specific facilityy  hich senior residents or junior staff with limited brachy-
will necessarll.y he individualized taking Into account PrOCe-therapy experience perform procedures under the supervision
dure c_omplexny and frequency, staff avalla_b|I|ty, Skl||. level of an attending radiation oncologist, providing an experi-
of available personnel, and the type of available devices. enced technical support person is an essential quality assur-
A. Applicator preparation ance measure.

. . . After insertion, all applicators should be marked near the

Upon scheduling a procedure, the appropriate applicator . . . . . .
kit should be assembled, reviewed for correct operation an@oInt of insertion on the patient so that dislocation of the
: . -CL op X ystem during the insertion-to-treatment interval can be de-
completeness, and sent for appropriate sterilization. It is use:

ful to make a list of required kit components for each proce- ected. For example, endobronchial applicators can be
quirs Mpo : p marked by a tape where they enter the patient’s nares, or the
dure type so that appropriate localization dummies, adapter

otc.. are not foraotten. If sinale-use aoplicators are used theaistance from the applicator orifice to the entry point on the
N g ' 9 PP ' atient can be measured and recorded. If a gynecological

should be checked for correct and error-free operation on thI tracavitary insertion patient is to be moved between local-

HDR and their depths sounded if the localization prOCEdur‘?zation and treatment, a mark can be placed on the patient's
requires them to have a fixed length. Until operating room ’

) Inner thigh ite the proximal aspect of the applicator
support personnel become accustomed to the special equip- © gh opposite the proximal aspe © appiicato
. .assembly.
ment needs of various HDR procedures, e.g., fluoroscopic
examination table, a particular bronchoscope, topical anes-
thetic, etc., these items should be ordered in advance for eac%‘
procedure. Care should be taken to label and sort applicators During radiographic examination of the implant, several
of similar appearance. For example, interstitial HDR appli-key steps influence positional accuracy of the treatment. For
cators are frequently of larger diametér9 mm o.d. versus multiple-catheter transluminal implants or interstitial im-

1.7 mm o.d) than their LDR manually afterloaded counter- plants, each applicator should be labeled externally with the

Implant localization and simulation
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HDR INTERSTITIAL IMPLANT LOCALIZATION FORM

Calibrated 30 cm Simulation Markers
Patient Name: Date:
OgMm = Simulation Marker Offset = cap to proximal end of applicator
O = Treatment offset = distal dummy seed center-to-first dwell position
Og = Simulation Marker offset = 995 mm position-to-physical tip distance
e e
Length L) Caleulation: L1 = 995 - Osy - O¢- 1* &
'Systematic error in simulation dummy length of -1 mm | Lo Tastee ——
Constraints: Treatment Tube Length of 712 mm assumed Tres t Y
Lj - (no. dwells - 1) x step length > 715 mm serctuencs __ |
Ly <995 mm and L <995 mm - Osy + 2 mm
SIMULATION TREATMENT
Dummy Simulation Simulation Dwell | First Treated Last Treated Number of Programmed
‘Channel Catheter Offset Marker Offset | Marker Identity Offset Position Position Dwell Dwell 1
Number Number Od OsMm Oy (Distal most) | (Proximal most)| Positions Length, Ly
1 4 mm
2 4 mm
3 4 mm
4 4 mm
5 4 mm
[ 4 mm
7 4 mm
8 4 mm
9 4 mm
10 4 mm
11 4 mm
12 4 mm
13 4 mm
14 4 mm
15 4 mm
16 4 mm
17 4 mm
18 4 mm
Catheterlength: ____ StepLength: __ CalculatedBy: __ = Checked By:

2751-9 REV 2/94

Fic. 4. Example of a form used for recording localization information obtained in the simulator room for calculating positional treatment-unit programming
parameter. This form is intended for interstitial implants using 30 cm long simulation markers marketed by Nucletron. This localization method assumes that

all transfer tubes are of a known uniform length.

corresponding channel number. A correctly labeled sketch dfor large interstitial implants, oblique views are sometimes
the implant should be drawn on the prescription form oruseful for maximizing separation of the projected simulation
other document. Generally, each applicator is loaded with anarkers, which aids manual matching. In contrast to many
radiographically distinct or recognizable sequence of dummy.DR interstitial implants, consisting of ribbons of uniform
seeds. The identity of each simulation marker should betrength, length, and insertion depth, dwell weight optimiza-
carefully recorded on the implant diagram to facilitatetion always results in unique sequences of dwell times in
matching of corresponding dwell positions and catheters oeach catheter. Accurate reconstruction of the correspondence
orthogonal or variable-angle radiographs. Finally, the localbetween channel number and the radiographic image of each
ization procedure may require the depth of each catheter aratheter is essential to ensure delivery of each dwell-time
catheter-transfer tube combination to be sounded, the resulsgquence to the intended catheter. To more easily correlate
of which must be correctly recorded on the localization form.the implanted catheters with radiographic anatomy, oblique
For large interstitial implants, a foriisee Fig. 4that clearly  radiographs should always be supplemented by anatomical
defines the needed information is recommended. Incorredateral and AP views. Both a physici&nd/or dosimetrigt
execution of these steps may deliver the wrong sequence aind a radiation oncologist should approve the radiographs as
dwell positions and times to a catheter. Two persons shoulddequate for implant reconstruction and clinical evaluation
work together to gather the localization information andbefore the patient leaves the table.

verify its correctness, one to perform the labeling and mea-

surement functions and a second to record the informatio
and check the accuracy of the first person.

Radiographic visualization of plastic intracavitary appli- Following simulation, the radiation oncologist reviews the
cators, e.g., vaginal cylinders, can be achieved by insertingadiographs along with other pertinent localization data and
small radio opaque seeds or spacers near the surface of sudh defines the target volume or dwell positions to be acti-
applicators. Such marking systems not only improve anavated,(2) defines where the prescribed dose is to be deliv-
tomic localization of applicator surfaces, but supports radioered or specified, an@B) selects the prescribed dose and
graphic verification of colpostat and vaginal cylinder diam-fractionation scheme, and completes and signs the prescrip-
eter as well. tion. Unless procedure frequency is high enough to allow

Finally, care should be taken to obtain radiographs thathis procedure to be unambiguously routinized, this activity
(1) facilitate accurate manual matching of corresponding im-should involve consultation between the physician and the
ages on the two views an@) are consistent with input re- physicist. The physicist's role is to confirm that all relevant
quirements of the selected implant reconstruction algorithmtumor imaging studies and localization data are correctly

B. Treatment prescription
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correlated with the simulation marker images, to aid the phywith its channel humber as defined by the label attached to
sician in articulating clinical intent in terms of quantitative its orifice during simulation. If the implanted applicators are
end points, and to develop a clear strategy for optimizing theaot of uniform length or implanted to the same depth relative
implant dose distribution, e.g., does the volume outlined orto the target volume boundary, then the positional program-
the radiographs indicate the dwell positions to be activated oming parameter may vary from catheter-to-catheter as well.
a target surface with the dwell positions to be selected tdhe matching process can be a time consuming, error prone
achieve a compromise between dose nonuniformity and tarctivity requiring intense concentration and freedom from
get volume coverage? Generally, an experienced physicigtiterruptions. To ameliorate the impact of mismatching,
should be able to recommend a combination of prescriptiomniform-length catheters should be used whenever possible
criterion and margin of implanted volume about the targetand every effort made by the radiation oncologist to insert
surface necessary to achieve this goal without lengthy comeatheters to a uniform depth with respect to the distal margin
puter planning. Verifying that the selected dwell positionsof the target volume. For such implants, one person, e.g., the
cover the target volume may take some persistence. For exlosimetrist, should perform the matching and a second per-
ample, in a transluminal treatment of the esophagus, the dison, e.g., the physicist, should verify the catheter image-
tal and proximal tumor margins can be identified by esophaehannel number correspondence and localization calcula-
goscopy(and stated in terms of insertion depth from thetions. For endobronchial implants consisting of two to three
incisorg, from barium-swallow radiographs, or from CT. transluminal applicators, each applicator should be labeled in
Having identified the method of target localization, thethe operating room and its anatomic location recorg@ed.,
physicist should verify that this volume is covered by theno. 2=right upper lob¢ so that channel number-
selected dwell positions. radiographic image correspondence can be independently
The task group strongly recommends that detailed stepshecked.

by-step procedures, describing the simulation, treatment vol- Several methods are available for assuring that the treat-
ume localization, dose prescription, and treatment planningnent unit settings needed to position the radioactive source
processes, be written. These procedures should address: at the desired position on a simulator radiograph are cor-
rectly calculated:’® The details depend on the afterloader
design, the applicator typ@nterstitial versus intracavitayy
%he type of simulator marker used, and whether the marker is
: . : referenced to the applicator orifice or its distal closure. Other
medically inoperable Stage IB carcinoma of the en- . .

factors, e.g., the constancy and uniformity of transfer tube

dometrium). . . 7
(2) The overall treatment strategy including external bearnIength, also influence the choice of localization method. For

. . each type of implant, an appropriate localization method
3) _?_?]2 gr?plﬁ;;)ttg: Sy%seeZ:;gefijarﬁZ?r?/aS)OE.e used must be selected and tested in advance. Any additional in-

(4) The dose specification and optimization strategy. format@on that_ must be obtained frp m radiographs or mea-
(5) The method of treatment planning including: source ge_suredd in the E.'muft?r musttbg defln%d, an_d _metr;rc])_ds (;jetvel—
ometry reconstructiorfe.g., pre-entered coordinates, or- oped, €.9., FIg. 4 lor capiurng anc verifying this data.
thogonal radiographs, of combinatjrplacement of Testl_ng involves using a single appllcator t.o compare the
dose optimization and dose specification points, doséocatlon. of seIepted segds on a radiographic marker to the
prescription, stopping points where physicist and phySi_autoradlographlcally defined HDR source center for the pro-

L . . rammin in fin he localization calculation.
cian input are needed, relationship between manual and & g settings defined by the localization calculatio
computer calculations, and orientation and location of
isodose calculations. 2. Computer treatment planning

(1) The clinical indications for treatment, including disease
stage, site, previous surgical management, and path
logical findings(example, definitive radiation therapy for

Treatment planning begins with a consultation between
E. Implant design and evaluation the dosimetrist and physicist regarding the basic approach to
treatment planning. For intracavitary implants, treatment
length settings and active dwell positions may be fixed in
The first step in the planning phase of treatment deliveryadvance or a standard plan, containing the fixed Cartesian
is to describe the active dwell positions in terms of inputcoordinates of each catheter trajectory may be used. For en-
parameters used by the treatment planning system and treaebronchial or interstitial implants, the catheter numbers and
ment delivery unit, e.g., dwell position numbers and treat+adiograph images may have to be matched by the dosim-
ment lengths. For intracavitary and transluminal treatmentsgtrist and physicist. Other issues include the choice of opti-
such localization calculations may be very straightforwardmization algorithm and selection of dose calculation points
e.g., looking up the active dwell position number and treat-used to specify the prescribed dose and to define the optimi-
ment lengths in the treatment polici¢See Fig. 4 for an zation criteria. Well-defined optimization and dose-
examplg. As discussed in Sec. IV C, interstitial implants are prescription protocols which limit the options available to
more complex. Whenever optimization is used, accurat¢he dosimetrist should be used. For example, one approach to
planning and treatment of interstitial implants requires accustandardizing interstitial implant planning on the Nucletron
rately matching the radiographic images of each cathetegplanning system is to permit only geometric optimization

1. Localization
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(eliminating the need for dose point placemeand requir-
ing dose to be prescribed as a fixed fracti@ri75—0.90 of
the central minimum dose defined by placing dose calcula-

389

cally applied to each nominal dwell time to correct for
actual source activity. This factor is equal to 100
X 10 Ci actual activity. For example, the factor is 100

tion points in the central transverse plane of implant at a
specified point in the program flow.

for a 10 Ci source. Foa 5 Ci (1.85x 10* Bq) source,
the factor is 200. This factor is calculated by the physi-
cist during initial calibration of a source and entered
with the date. The system subsequently automatically
adjusts the factor to correct for source decay. The net
result is approximately a 1% increase in this factor each
day. This factor is thus an indicator of actual source
activity. This factor is indicated on treatment console,
and on treatment record printed during treatment.

3. Pretreatment review of HDR treatment plan

The physicist charged with reviewing the treatment plan-
ning process should ensure that the physician’s clinical intent
has been communicated accurately to the dosimetrist, and
that the resulting plan is consistent with that intent. For ex-
ample, it may not be clear whether a volume marked by the
physician on the localization radiographs describes the treaEspecially with respect to positional parameterstive dwell
ment volume or the target volume to be enclosed by thgositions chosen, spacing, dwell train location within each
prescription isodose or whether the prescription distance isatheter, etg, the simulation radiographs, graphical plan
specified relative to the applicator center or its surface. Irepresentation, localization form, and treatment unit printout
may seem self-evident that clear communication betweeshould all be intercompared. For those planning systems that
physician, physicist, and planner is necessary, but over timgdo not completely document the implant reconstruction pro-
expectations and assumptions can become implicit and urgess, e.g., algorithm chosen and radiograph orientation used,
stated, leading to misunderstandings in the event of stafftem (10) is extremely important as an indirect verification of
changes, etc. An effective physics review encompasses mueéippropriate reconstruction algorithm selection and operation.
more than verification of computer plan accuracy: it includes Finally, the plan should be checked for “reasonableness”
assessment of clinical appropriateness and consistency of thising the previous plan, if available, and an appropriate fig-
final treatment program with target localization data, simula-ure of merit. Just as mgRaEqg-h/dose ratio is a useful param-
tion radiographs, treatment prescription, and a computeeter for judging low dose-rate implants using radium substi-
treatment plan. tutes, the(source strengtkdwell time)/dose, or IRAK/dose,

The specific review of each plan should begin with veri-ratio should fall within the range expected for the given im-
fication of input data, including: plant geometry. Quantitative verification of computer-

generated dwell time calculations is reviewed below.

The plan should also be assessed for clinical adequacy.
The selected applicator, dose specification criterion, pre-
scribed dose, and choice of optimization approach should be
checked against the department’s policies of treatment or, at
least, customary practices for the given site and stage of

Ndisease. In performing this review, the physicist should be
aware of all treatments previously given to the patient and
check that the cumulative total doses to critical structures
(vaginal mucosa, bladder neck, anterior rectal walie
ithin tolerances. Any significant deviation from these ex-

9 gre conssften;[.wnh |rrt1prllanttgr11eotmet{y antd C"”'C"?" t'.nte_m;pectations should be brought to the radiation oncologist's
(9) dose per fraction matches the treatment prescription; attention for their review.

(10) reconstructed implant geometry matches radiographic Prior to initiating treatment, the attending physician

11 S.rOtJeCt'OnfS; hi ¢ int to distal should review the treatment plan, treatment unit program-
(11) distance from machine reference point to dis a'mOStming, and associated documentation. The physicist's signa-

12 gwe:: 1_ocat|on;d| i din the treat ture documenting plan review, the fraction size, dose pre-
(12) dwell times and locations programmed in the trea men%cription site, consistency of dose distribution size and

unit match those on the plan;. location with target volume coverage should be reviewed
(13) Correctness of treatment unit programs recalled for,

treat t of sub t fracti including handii falong with any other factors influencing clinical appropriate-
reatment ot subsequent fractions, inciuding handling ol, o Satisfactory physician and physicist review should be

. . 1documented by signature on the daily treatment record or
Planning and Treatment Delivery system handlesQA checkoff Iis{ g Y

source decay in a unique way. All treatment plans cre-

ated by the GammaMed computer planning system uti- . )

lize a 10 Ci (3.% 101 Bq) source for all calculations. 4 Verification of HDR computer calculations

These nominal dwell time are based on a 10 Ci source. As discussed in Sec. lll A, relying on a second computer
The treatment console is programmed with the nominato check the correctness of the HDR plan fails to intercept
dwell times based on a 10 Ci source and these appear #s most common human errors, such as mistaken data en-
entered. When treatment begins, a factor is automatitries in the optimization routine, or incorrectly specified

(1) name of patient and date of treatment;

(2) source strength matches the decayed value;

(3) correct system file(including, e.g., calibration data
used;

(4) magnification factors, source-film distances, etc.;

(5) source position reconstruction algorithm used was co
sistent with the simulation radiograph geometry;

(6) units of all quantities;

(7) step size(or length;

(8) optimization scheme and prescription criterion chose
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TaBLE Il. Manual dose verification methods for optimized implajrepro- TasLE lll. Expected total treatment time for volume implants, calculated by
duced from Williamsor(Ref. 4 with permission). Expected values of dose Total time=Reference dosécGy)x Ry X elongation factor/Activity (Ci).

index 10 cm from implant in its central transverse pléRef. 17, where the ~ Note: Reference dose chosen to be 90%—-95% of central minimum dose for
dose index is defined as, Dose inddt00xAverage of doses at geometrically optimized volume implants.

+10 cm and—10 cm(cGy)]/[Activity (Ci)X Total timgs)].

Volume (cnf) R, [Cis/Gy] Length/diameter  Elongation factor

Implant type Expected range of dose index

50 287 15 1.03
Pulmonary 1.05—1.20ower if highly elongated, higher if curvgd 60 323 2.0 1.06
Vaginal cylinder 1.10-1.20i.e., short single catheter 80 391 25 1.10
Long esophagus 0.95-1.1i0e., long single cathetgr 100 434 3.0 1.15
140 569
180 672
220 768
260 859
lengths. It is not clear that verification of isodose distribu- 300 945
tions on particular cases using a second computer system ggg ﬂg;

serves any purpose. This section presents an alternative
means of verification. Stepping source remote afterloading
technology allows the treatment time at each active dwell
position to be independently programmed. Mathematically
elegant and clinically appealing optimization algorithms arefect dose-calculation accuracy. Its insensitivity to local dose
widely available that vary the relative dwell timg®r  variations means that it is not capable of detecting some
weight9 of each activated dwell position to maximize dose€rrors which determine the dose at clinically relevant dis-
uniformity, target coverage, or other dosimetric constraintgances. For example, consider a situation in which the plan-
chosen by the user. The result is often a highly nonunifornher intended to place active dwell positions at 1.0 cm inter-
distribution of dwell times. When such algorithms are ap-vals but inadvertently specified 0.5 cm spacing. If the
plied to conventional implant geometries, dose homogeneitjpumber of dwell positions were not doubled then the implant
is often improved and the length of the implanted volumewould be smaller than desired. The next logical step is to
needed to adequately cover the target volume may beevelop expectation values based on doses at typical pre-
reduced® Such flexibility creates a number of quality assur- Scription distances which are sensitive to implant geometry.
ance problems, many of which have been discussed elsdhe group at the University of Wisconsin has developed
where in this report. An important issue is how to verify the dose indices for a variety of implant types: endobronchial,
accuracy of optimized calculations with verification calcula- gynecologicaltandem and ovoids, ovoids only, vaginal cyl-
tion techniques. In many cases verification can easily béden, and volume implants. For example, Ref. 18 describes
done manually, but also it can be done by small computefwo indices for tandem and ovoid treatments based on the
codes. “Practical” in this context requires that the assesstatio of dose at the primary prescription point(fg the dwell
ment take only a few minutes. In addition, the calculationtime in one particular position in the tandem g@glthe total
check must have a high probability of detecting significantdwell time.
errors. Table Ill also illustrates the University of Wisconsin

A standard technique is to evaluate some characteristigethod of verifying total treatment time for volume
parameter of the plan and compare it to an expected valuénplants™® This table was derived from the original
For example, at distances sufficiently far from the implant,;Manchester volume implant tabf by applying the current
the dose is determined primarily by the source strength andalues for the exposure rate constant and conversion from
total treatment time and is insensitive to local dwell timeexposure to dos€l.069, adjusting for the ratio of stated to
variations. One group calculates the dose at pointsl0 cm ~ minimum dose(1.11), and conversion from mgRaEq h to
from the approximate center of the implant in the directionCi s. The table give®,, the number of Ci s per Gy required
most orthogonal to the treatment applicators. The mean dos# the volume enclosed by the implant. When applied to
divided by the current source activity and total treatmentgeometrically optimizeddistance optionvolume implants,
time, is then, compared to expected values which depend dhe table has an accuracy of better than 8% when the refer-
the type of implant geometry. Table Il lists representativeence dose is defined to be 90%—95% of the central minimum
numbers. Readers are cautioned that the specific values déose.
pend on many variables, such as the quantity used to specify Kubo®* and Kubo and Chif have reported simple math-
source strength, single-source dosimetry data selected, ag@atical formulas for checking single catheter treatments
optimization scheme applied. At such long distances, thavhen the dose is prescribed at distances of 7.5 or 10 mm
specific form of the tissue attenuation and scatter fagtor ~ from the catheter center. For 10 mm dose prescription, the
dial dose factorused by the planning computer needs to betotal treatment time was found to be within2%:
considered, since some expressions may extrapolate poorly.

The “dose at a large distance” method can detect errors T=a 3 (2.67-L+78.6), @
in source strength input, unauthorized changes in physical
dose factors, or calculation “bugs” which can globally af- whereT is the expected treatment time in secoralss the
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conversion constant and is 0.01 Qicgdy mm), D is the pre-  TasLE IV. Expected values of dose index for geometrically optimized pla-
scribed dose in cGYS is the source activity in Ci. and is nar implants, where the dose index is defined as, Dose indgdoke at
the total treatment lenath in millimeters ' distanced from plane (cGy)-area (cr)]/[activity (Ci)-total time (9)].

g . ’ . Equivalent sideE is E=2-[L-W/(L+W)] (cm), whereL and W are

For example, the treatment time for the prescribed dose Qfngth and width in cm of the implanted areaW. | =A+B-E+C-E?2,

1000 cGy and source strength of 7.5 Ci (20" Bq) for ~ whereA, B, andC depend ond. Note: for a curved implant surface, in-
the treatment length of 55 mm is 300.6 s from Et). The  crease by 10%; for 0implants with deviated catheters and significant cold
planned treatment time was 303.9 s, 1.1% more than th&°!s: decreaseby 5%.
expected time. Again, the numerical values in the formula ¢y A B c
depend on the specifics of the dose calculation data and the

optimization algorithm assumed. This single catheter ap-  1° 0.402 0.923 —0.0171
roach is further expanded so that the prescription distance 2.0 ~0.258 0.836 ~0.0148
P p p p 25 ~0.619 0.751 ~0.0126

and length can be combined into one equaffbRrom the 3.0 ~0.822 0.673 —0.0106
treatment plans generated with treatment lengths of 50, 106;
150, and 200 mm and treatment distances of 2—14 mm with

a step of 2 mm, it was found that the total treatment time

increased linearly with the treatment length whereas the ) ) ) )
treatment time varied supralinearly with the treatment dis-Fauation(6) assumes anisotropy corrections, active lengths
tance. Therefore, using the prescription dose of 500 cGy an@f 50—230 mm, a 5 mnseparation between adjacent dwell
a source strength of 10 Ci (3<7L0M Bq) as a reference, the positions and the following pattern of relative dwell weights:

treatment time was first fit with a second-order polynomial ast>1.4,131.21110,..,101112131415.

a function of a treatment distanag, For the smallest treat-  OPtimized square and rectangular single-plane implants
ment length ofL,=50 mm, the best fit for treatment time have also been systematically analyzed and dose indices de-
was obtained with veloped in support of dose calculation verificatidrDefine
the dose index as
T(d,L,=50)=—5.24+8.80 d+0.263 d?. (2 D.A
Similarly, for the largest treatment length bf=200 mm, ! ST’ @)

the best fit was obtained with,
whereD is the dose in cGy at a distandgrom the plane of
T(d,L,=200)=—14.9+ 31.2 d+0.236 d2. 3) the implant,A is the area of the implant in &nS is the
source activity in Ci, and is the total dwell time in seconds.
The expected value dfis a simple quadratic function of
the sideE, of the equivalent square implanted area which, in
urn, is calculated from the familiar area/perimeter rule.
able IV gives the quadratic coefficients B, and C for
everal different reference distana@sssuming inter cath-
eter spacings of 1-1.5 cm and geometric optimization. For
idealized implants, ranging in area from 8.5 cnf to
25.5x22.5 cnt, Table IV provided the index}, to within
)'[T(d’LZ)_T(d’Ll)]' 5%. The indexl was calculated for a series of clinical im-
(4)  plants, most of which were used to treat the tumor bed fol-
lowing surgical excision of extremity sarcomas. Despite sig-
For nonreference cases where source strengg({si) and nificant deviation from ideal planar geometry following
the prescription dose B, (cGy), the total treatment time closure of the operative wound, the observed index agreed
can be calculated by, with the predicted value within 10% for all cases.
In practice, applying these methods requires that the im-
D,(cGy)-10 Ci pIa.nt Qimensipns be determined iqqependently from the lo-
W}"S(Ci)' (5) calization radiographs and the activity be taken from a pre-
calculated table. If these parameters are taken directly from

A different formulation for checking total treatment time has the computer output, errors in the computation may go un-
been used by Ezzell at Wayne State Univer&tyhere a  noticed(see the first paragraph of this section

simple dwell time pattern for single catheter implants was

developed using film dosimetry instead of a mathematicab. Patient preparation

optimization scheme. Ezzell's relationship between the same
parameters defined in E(L) is given by

The correlation coefficient for Eq$2) and (3) was better
than 0.999.

Using a linear relation between the treatment time an
treatment length, a total treatment time formula for treatmeng
length ofL and treatment distance dfis generated,

L—L,
T(diL)ref:T(er1)+ Lo—L
2 1

T(d,L) nonrer= T(d, L) ef

Prior to patient treatment the applicators must be installed
and treatment planning and treatment unit programming
must be complete. This usually necessitates that the patient
T b ( L 9) ©6) lie on a table or stretcher for times on the order of minutes, to
S |0.0537L+23.09"° possibly an hour. This wait time is often directly related to

Medical Physics, Vol. 25, No. 4, April 1998



392 Kubo et al.: HDR brachytherapy treatment delivery 392

the treatment planning and unit programming time requiredchecked against the marks or measurements obtained in the
Patients should be cared for and kept as comfortable as posperating room.
sible while maintaining applicator positioning. Upon At this point, all treatment documentation should be fully
completion of treatment planning and treatment unit proreviewed and available to the machine operator, including
gramming, the patient applicators are connected to the treaghe written prescription, a table of dwell times and position
ment unit. Applicator positioning should be verified and all getiings, and the treatment plan. Prior to initiating treatment,
connections verified. It is the strong recommendation Qf thishe operator should check thét) a signed prescription is
Task G_roup th_aF treatment plannlng and- treatment unit PO3vailable (2) physicist and physician have signed off on plan
gramming activitiesnot be routinely subject to time con- review, (3) the fraction size listed on the computer plan and
straints. - ) .

the prescription agred4) the treatment to be given is con-

sistent with the written prescription and the cumulative dose
6. Patient setup and treatment delivered by previous fractions, arif) dwell times, length

While the physician and physicist are reviewing the treat-settings'_ and step sizes progrgrr_lmed into the treatment unit
ment documentation, the radiation therapist can move th@dree with the computer plan listing or table prepared by the
patient into the HDR room and proceed with positioning andPhysicist. It is helpful for one individual to read the dwell
connection of the applicators to the indexer. The radiatiorfimes from the HDR printout, while the other compares these
therapist should verify that all emergency equipment isvalues to the treatment plan. Since manual keyboard entry of
present, that the survey mef{&@eiger—Muelle{GM) detec- the treatment parameters describing a complex implant may
tor and/or ion chamber survey instrumgis present and in  require several hundred keystrokes, the likelihood of data
good operating order, and that informed consent forms arentry error is high. Meticulous checking of such manually
properly signed and filed in the chart. The Task Group notegntered data is essential: whenever possible, prestored stan-
that some GM meters register zero exposure in response Hard configurations or direct entry from the treatment plan-
saturation-level radiation fields: the selected instrumenhing Computer should be used. In any case, at least one per-

should have a range from 0.1 mR/h to at least 1000 mR/Ron (ysually the physicigtmust check the printed treatment
and should be checked by the medical physicist for aPProprogram against the treatment plan.

priate response near the exposed HDR source. This check The Task Group recommends that the physicist and an
can be performed by placing a survey instrument at specifiFh vidual lifi h i f h i
distances from the source, say, 100 cm, 200 cm, etc., and q}/dlwdua qualified to remove the applicators from the pa

. : . C . ttent under emergency conditions shall attend the treatment
taking the readings using a TV camera. A good practice is to nd be prepared to detect emeraency conditions and imple-
know the radiation level just inside the entrance door to thé® prep gency N Imp

treatment room when the source is exposed. This measurdl€nt the approprigte respoqses. This S‘?Cond person will usu-
ment can also be done using a TV camera. This measuremefity P& the attending radiation oncologist who shall be re-
most likely excludes the meter saturation problem since théPonsible for safe and rapid execution of applicator removal.
reading inside the door should be substantially low. If theHowever, the attending radiation oncologist may delegate
upper range of the available GM meters is 100 mR/h, or itthis duty to an appropriate medical professional, e.g., nurse
false readings in high intensity fields are of concern, an ioror resident physician, who has appropriate training in appli-
chamber should be used to cover the upper extreme of theator removal and radiation safety procedures. The recom-
exposure-rate range. Before each treatment, the detectarsended approach is more flexible than that imposed by the
should be checked for correct function using the classicaUSNRC in May 1993. USNRC requires that both an autho-
three-step procesdattery function, acceptable backgroundrized user(a radiation oncologist authorized to prescribe
reading when no radiation exposure is present, and corregrachytherapyand a medical physicisior radiation safety
response to a radioactive check solrce officer) be physically present at all HDR treatmeftsThe

The identity of the patient shall be confirmed by an ap-t45k Group strongly condemns the use of any health profes-
propriate method. The USNRC Quality Managementgj,nais who are not properly trained with HDR device op-

Program hgs adopted a more ngo.rous_a.md inflexible St ation and treatment delivery as an alternative to staffing
dard, requiring that the patient be identified by two means; . . -

. o . HDR treatments by a qualified medical physicist. If war-
(1) by comparing the patient's appearance with a photo-

graph; and?) by asking the patient's name or social security ranted by the patient’s medical condition, a nurse and proper

number and comparing this response with the chart. A Seéponitoring equipment should be present. Emergency proce-
ond individual, e.g., physicist, should check that transfefdures should be planned and reviewed annually by the team

tubes are free of kinks and that the applicator-treatment unificluding how and under what conditions applicators are to
channel number correspondence agrees with the source 1B& removed and who is responsible for what. Upon initiating

calization documentation. In addition, the physicist shouldtreatment, the physicist should observe the treatment console
check that transfer tubes of the correct lendt the Nucle-  and should be aware of which catheter is involved should an

tron system, 1500 or 1000 mm transfer tubes are availablglarm condition interrupt treatmerivhenever treatment is
for interstitial and intracavitary applicatordiave been se- interrupted, it is essential to check the area monitor to con-
lected. Finally, applicator positioning in the patient should befirm that the source has been retracted
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7. Post-treatment quality assurance 1. Physical plant emergencies

After treatment is completed and the area monitor indi- These emergencies include fire, physical disasters
cates no exposure in the room, the room and patient shoul@torms, tornadoes, floods, earthquakes,)eémd transient
be surveyed with an appropriate hand-held detector to corpower interruptions or longer power failures. All medical
firm that the source is fully retracted into its shielded storagéacilities will have planned responses to physical plant emer-
position. As a final check of treatment accuracy, the admingencies. These are usually well established separate response
istered dwell times listed on the treatment unit printout,sequences for fire, storms, and power failures that generally
should be compared to the originally programmed time. Allinvolve, not necessarily always in this sequence, removing
QA checklists and documentation should be reviewed fothe patient from the area, securing the area, reporting the
completeness and filed away in the chart along with the treafproblem to the appropriate authorities in the medical facility,
ment history printed out by the HDR unit. The room andand then recovery from the incident. RAUs meet FDA stan-
HDR key should be secured as specified by the user’s lidards and are well designed to withstand physical damage

cense. during these conventional emergencies; however, those re-
sponding to the emergency must know, generally through

V. EMERGENCY PROCEDURES FOR HDR posted signs, that the area contains a radioactive device, re-

REMOTE AFTERLOADING UNITS quiring certain additional precautions. Generally confirma-

tion (by inspection or radiation surviyy knowledgeable

Even though the likelihood of major emergencies, i.e.staff that the RAU is in a safe condition is usually required.
source detachment during treatment is exceedingly low, this conventional emergencies such as power loss or a fire in
report strongly recommends that all HDR brachytherapyne device may well effect operation of the device. Loss of
treatment usershall learn and periodically retrain to operate power is handled differently by each manufacturer. How-
the devices and to respond properly to emergencies, as rgyer, usually the RAUs have backup batteries or power packs
cently reviewed” For HDRB the USNRC has required that gesigned to retract the source during a power failure and to
licensees have “written emergency procedures describingroyide power to the computer or microprocessor to retain

actions to be taken, including surgical intervention, shouldnemory and treatment information on the partially delivered
the source not return to the shielded container at the conclypegtment.

sion of treatment.”® The USNRC also directs the licensee to
have “appropriate staff and equipment available in support
of these procedures® This directive, and other USNRC 2. Minor emergencies involving the RAU
regulations, applies in the 21 states in which the USNRC has
jurisdiction. In the 29 Agreement States this directive and This less serious category constitutes abnormal perfor-
other USNRC regulations may not currently apply as eachnance of the device that prevents or interrupts treatment
Agreement State has some time and flexibility in adopting(€-9., l00se source guide tube connector, vault door not prop-
USNRC directives and regulations. However, it is likely thaterly closed, etg, followed by recovery actions that correct
more Agreement States will be adopting current and prothe abnormality allowing treatment to resume to termination.
posed USNRC regulations, perhaps in modified form, forThe more serious category involves operator physical inter-
RAUSs in the next few years. vention (e.g., room entry to retract the radioactive source
into the RAU’s protective safe. While major emergencies
have greater possibility for unplanned radiation exposure to
Routine emergency safety precautions require either hawoth the patient and operator personnel, minor emergencies
ing an emergency container available in the treatment roonfccur more frequently.
as well as an emergency kit containing Kelly surgical clamps Manufacturers offer the operator, through displayed mes-
and long-handled positive spring action forceps for manipusages or error codes, instructions on how to respond to an
lation of the source guide tubes and applicators if the sourcabnormal occurrences or machine malfunction. The type and
fails to return to the safe. These forceps must be readiljpumber of these error messages usually varies with the com-
available for use. The emergency container should be place@lexity of the equipment. Ideally, operators should immedi-
close to the patient and should be large enough to accept ttadely recognize the meanings of all status lamps, audible
entire applicator assembly, containing the source, removedlarms, and printed or displayed messages that indicate mal-
from any patient. Additional medical suppligslescribed functions. However, if the number of error codes is large,
laten and associated devices to assist with emergency appliraining should focus on recognizing those most likely to
cator removal should be readily available. occur most frequently during routine treatments. However, a
complete status code list must be readily available at the
operator’s console for instant access during emergencies.
Any status messages displayed in numeric code must be
What constitutes an emergency? We consider emergerdentified in well-understood terms, e.g., kinked tube,
cies separated into three categories: conventional physic@dmmed cable, etc. Often, it is useful to recast the vendor’s
plant emergencies not directly related to the RAU, and minonumeric status message codes into tables that clearly indicate
and major emergencies associated with the RAU. the status of all indicatorlamps, audible signals, printed

A. Routine emergency equipment

B. Emergencies
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TaBLE V. Approximate dosefcGy) delivered at distancggm), from 10 Ci
(3.7x10' Bg) and 5 Ci (1.8% 10 Bq) Ir-192 sources in elapsed time

(minutes.
E\ Time Activity Distances(cr)
& (min) (Ci) 1 10 25 50 100
(2]
® 0.5 10 366 3.7 0.60 0.15 0.037
& 5 183 1.9 0.30  0.08 0.019
2 o 1.0 10 732 75 1.2 0.30 0.075
a 5 366 3.7 0.60 0.15 0.037
} 2.0 10 1460 15 2.4 0.60 0.150
ot N 5 730 75 1.2 0.30 0.075
e I 5.0 10 3660 37 6.0 15 0.370
oanor L AL e e e et 5 1830 19 3.0 075 0.9
Distance (cm) 10 10 7320 75 12 3.0 0.75
5 3660 37 6.0 15 0.37

Fic. 5. Approximate dose rate versus distance for 10 Cix3@* Bq) and
5 Ci (1.85< 10" Bq) Ir-192 sources.

treatment is too long, by noticing that the computer system

clearly has failed, or that an excessive radiation level exists
tape message, etovhen the code occurs, and clearly stateafter treatment.
the recovery actions. In the design of EPs that require personnel intervention

Operators must recognize messages to answer the quesid possible entry into the vault, the procedures must be

tion “Can | recover or must | abort the treatment?” Recov- designed to reduce the radiation dose to the patient by re-
ery actions and operation sequences must be clearly unddracting the source from the patient as soon as possible while
stood and practiced. One reported misadministratiorminimizing the radiation exposure to personnel performing
occurred because operators failed to properly respond to the source retraction. Figure 5 graphs the dose rate, in cGy/
minor malfunction. For training it is useful to know which min, as a function of distance, in cm, from 10 and 5 Ci
error codes can be safely and readily simulated by the RAgources. Table V shows the dose to personnel as a function
so operators can be trained to respond to those codes. Howft distance and time, for both 10 and 5 Ci sources. Figure 6
ever, simulation of the emergency must not place the equipshows dose rates at the periphery of the volume of tissue
ment or the operators at risk. Conversely, those malfunctiongradiated by a static 10 Ci source. The dose rate is about 400
that produce error codes that cannot be simulated on theGy/min at the periphery of a sphere of 10%nClearly
RAU must be identified so the operators can be trained tépeed is of the essence in removing the source from the
recognize and respond to these situations. A degree of regpatient in order to limit the dose to small volumes of local
ism is lost in training sessions when the console display cartissue.

not produce the indicators for the emergency. Generally, during an emergency, the goal should be to
keep effective dose equivalents to personnel to less than the
3. Major emergencies 5 Sv(or 5000 mremper year limit. As shown in Table V, if

) . . one’s distance is 25 cm from the source during an emer-
The more serious emergencies, e.g., source retraction fail-

ure, patient medical emergency, total computer failure, etc.,
involve operator physical intervention, and possibly the
physical intervention of the radiation oncologist, operators, 1000 -
and the physicist to retract the high dose rate source into the ?
safe or to clean a blockage or system fault that is preventing
proper source retraction.

Establishing emergency procedur@Ps9 for these more
serious emergencies generally involves the following steps:
(1) establishing policy about EP€&) preparing initial action
sequences for written EP$3) identifying and obtaining
equipment necessary to perform ER®;testing initial writ-
ten EPs;(5) revising action sequences and written EPs fol- =
lowing tests and written final EP&5) preparation of training
materials and didactic education of staff in EP8; applied !
(hands-on execution of EPs(8) necessary revisions in EPs
identified during training; an¢®) repeat EP training at speci-
fied intervals.

The emergency may be observed by activation of emergg 6. Dose rates at the periphery of volumes of tissue irradiated by a static
gency indicators at the console, by simple observation that @ Ci (3.7< 10! Bg) Ir-192 source.

Iridium source strength: 10 Ci
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gency, depending on source activity, one would receive dAsLe VL. Suggested components for an emergency kit for an RAU.

3—6 cGy dose in about 5 min while resolving the emergency:
However, at 1 cm, the dose to the patient would be about
1830-3660 cGy of undesired dose. Clearly, depending on
source activity, the source must be retracted within 1 to 2
min to keep the dose to the patient to within nominal values
of several hundreds of centigrays normally associated with
various fractionation regimens. While the radiobiology of

dose and fractionation is beyond the scope of this paper, an
unplanned local dose approximately equivalent to a planned
treatment dose fraction, while undesired, is unlikely to cause

serious consequences, such as the death of the patient. Hence

speed is all important in executing emergency procedures to
minimize not only the dose to the patient but also the expo-
sure to personnel.

Manufacturers provide suggested emergency procedures

A. At the console outside the room:
Sign-“Danger-Open Radiation Source-Keep Out!”
Geiger—Muller metef0.1-100 mR/h range
lonization survey metefl1—-1000 mR/h range

B. Inside the room:
Short handlg12—-15 in) positive spring action forceps
Long handle(18—24 in) positive spring action forceps
Kelly surgical clamps
High quality flashlight and fresh spare batteries
Suture removal kit
Suture kit

if the source fails to return to the safe. These generally argerstitialapplicator. Table IX lists the specific components of
short single page synopsis, suitable for posting, of the nedhe suture removal and resuturing Kit.

essary sequential steps involved in the emergency procedure. All of these discussions of emergency procedures as-
They assume the physical integrity of the applicator is mainsumed that the integrity of the applicator was maintained.
tained. These EPs are specific to the RAU but generally inHowever, applicators can fail, as occurred when a source
volve the following sequence, assuming that if the initialjammed in a bent plastic catheférThis illustrates the im-
action fails to lead to recovery, that the following action is portance of the fundamental rule of EPs: EPs must be pre-

required. The generic sequencg1$ observation at console
of error message and emergency indicatargdible and vis-

ible alarms; (2) recovery at the consolée.g., pressing an
emergency ofbutton; (3) entry into the room with a por-

TasLE VII. Physician surgical intervention procedures.

table radiation survey metéopening the door activates the
interlock that retracts the soul¢d4) observation of radia-

The procedures assume that:

tion levels in the roomby mounted monitors or portable
survey meters (5) recovery at the RAUpressing aremer-
gency offbutton on the RAL; (6) manual retraction of the
source(using a hand crank (7) patient survey and RAU
survey (confirming source is in the safe(8) applicator re-
moval and placement in the emergency contaif@®rpatient
survey and emergency container sur¢gyconfirm source is
not in the patient and is in the emergency contginand
(10) removal of patient from the vaulivith subsequent re-
dundant survey with a GM meter

Glasgow® has described the emergency equipment for a
GammaMed lli HDR unit, assuming the integrity of the ap-

(1) the applicator has not ruptured and that the source is in the
applicator;

(2) all attempts to remove the source drive cable with source from
the applicator failed;

(3) the applicator can be quickly removed in a medically safe
manner;

(4) the physician has direct responsibility for removing any
applicator; other personnel can assist, but minimize the number
of personnel present;

(5) the applicator must be removed as quickly as possible;

(6) all procedures required to protect personnel from blood apply.

SMALL INTRALUMINAL TUBE OR LARGE
INTRACAVITARY APPLICATORS

plicator is maintained. The emergency kit consists of equip-
ment (GM meter, ionization survey meteBanger: Open
Radiation Source - Keep Outlign to be at the operating
console outside the treatment vault and equipment, listed in
Table VI, to be placed in the vault in the emergency kit prior
to the treatment. If, for any reason applicator removal is not
the first choice, then(l) extract the source from the appli-
cator(first attempted from the distal end connection from the
applicator, failing that, from the proximal end connection of
the applicator, if the source cannot be removed from the
applicator, (2) remove applicators by a qualified radiation
oncologist. The applicator removal procedures are identified
by applicator typee.g., small intraluminal, large intracavi-
tary, and sutured interstitial applicatgr.able VII lists an
abbreviated sequence of general steps for the removal of the
small intraluminal and large intracavitary applicators. Table

(1) Release the tube or applicator from any retaining device.

(2) Using the Kelly clamps or other remote manipulators grasp the
tube or applicator near the connection to the source guide tube
to the tube or applicator.

(3) Extract the tube or applicator from the patient. Do NOT grasp
the tube or applicator with your hand. With a second set of
Kelly clamps or remote manipulators grasp the tube or
applicator near its end and place it into the emergency
container.

(4) Place the shield cover on the top of the emergency container.

(5) Remove the patient from the interior of the treatment room to
the maze, away from the emergency container, but still in the
shielded portion of the maze. Survey the patient with the
ionization survey meter to ensure the source is out. Remove the
patient from the room and repeat the survey with the GM
meter.

(6) Lock the door; post the door with the sigBanger-Open
Radiation Source-Keep Out!”. Notify posted list of
personnel.

VIII lists the explicit steps for the removal of a sutured in-
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pared assuming that the initial recovery action sequenc@ssLe Viil. Physician surgical intervention procedures.

fails, that subsequent recovery action sequences fail, and that
the assumptions on which the EPs are based may be invali-
dated during the emergency. Emergency procedures should

The procedures assume the same assumption as in Table VII.

SUTURED CATHETER OR NEEDLE APPLICATORS

be prepared, if possible, for thveorst casescenarios.
What emergency actions are required if the source sepa-
rates from the cable and falls on the floor, or, if the source
capsule ruptures and disperses the source element on the
floor? Retrieval of just the source or source element gener-
ally may require special retrieval equipment and radiation
precautions, and should not be considered as part of the nor-
mal emergency action sequence involving the radiation
therapy operators and radiation oncologists. If radiation sur-
veys reveal the source is not in the patient, the safe, nor the
emergency can, but is elsewhere in the vault, speedy evacu-
ation of the patient and personnel from the room will mini-
mize radiation exposure. However, one must ensure, by care-
ful radiation surveys, that no radioactive material has been

(1) Identify at the console, by display or by visible inspection by
the CCTV of the transparent source guide tubes, the source
guide tube that contains the source drive cable and source and
the catheter or needle to which it is attached.

(2) Use the suture removal kit; working as quickly as possible, cut
all sutures retaining the identified catheter, needle, or, if
necessary, the device holding the catheters and needles.

(3) Using the Kelly clamps or other remote manipulators grasp the
catheter or needle and carefully extract it from the patient and
place it in the emergency container. DO NOT grasp the
catheter or needles with your hand. If the patient could bleed, a
second persoshouldhave swabs available to apply
compression.

(4) Place the shield cover on the top of the emergency container.

(5) Institute the patient removal and survey sequence and room
security sequence described in Table VII, stépsand (6).

tracked out of the vault on the bottoms of shoes. The vault
should be secured, posted wittbanger: Open Radioactive
Source - Keep Ousign, and a natification process begun of
those responsible for source retrieval. Normally, the vendor
will assume responsibility for source retrieval.

that the container shields properly and that radiation moni-

The ultimate emergency would be to lose a source in aors cease alarming when the source is placed in the con-
patient; some accident in which the applicator fails, and theainer.

source breaks loose and lodges in the patient. Theoretically,

this would not occur because the license application commit®. Conclusions
the user that they shall not conduct any treatment procedurf, o RaUs are complex devices that require that the person-

for which a decoupled or jammed source could not be re
moved expeditiously from the patient and placed in the,
shielded containe?’ Following an emergency procedure,

nel operating, using, and caring for patients with these de-
" -vices be exceptionally well-trained in normal operation of
't the units and be equally well-trained to respond to minor and

is essential that the users know the dose delivered if thf"najor emergencies. Properly trained staff must be able to
treatment was interrupted and how to program the unit fofe ,qnize errors and to recover from minor emergencies

the remaining portion of the treatment. without incident. They must also be able to respond to seri-
ous emergencies that involve vault entry and emergency

TasLE IX. Suggested items for removal of sutured applicators and resutur-

C. Practical concerns . S ) X )
ing the anatomic site, if necessary. All items are in sterile packages.

Practice of EPs generally will cause their revision to make
them more practical. The contents of the emergency kit must
be carefully selected and tested. For example, the original
emergency kit contents described by Glaséftsubsequently
was reduced to the 9 items listed in Table VI. Personnel
should use their wristwatches for estimating all elapsed times
during emergencies, as wall clocks generally display differ-
ent times in different rooms.

Personnel should know the status of all radiation indica-
tors in the room at the successful completion of an emer-
gency procedure. If radiation alarms are to be activated for
HDRB, they should be off when the source is properly in the
emergency container. They should be tested to ensure that is
the case. The exposure rate ardum 4 in. diameter emer-
gency lead can wit a 1 in. thick wall, containing a 10 Ci
source, is about 1 mR/h at 0.5 m and exceeds 10 mR/h only
near the edge of the emergency container. A radiation survey
of the radiation exposure rates around an emergency con-

A. Sutured Applicator Removarhree suture removal kits with
scissors and overwrap

Four betadine swab sticks

Ten 4X4in. 12-ply gauze

Ten cotton tip applicators

Six latex glove sets

B. Suture Kit
Small towel clips
Blair brown needle holder
Webster needle holder
51/2in. SB scissors
6 in. tissue forceps
Adson tissue forceps
Curved mosquito forceps
Straight mosquito forceps
4X 4 in. gauze sponge
Drape sheet
Green towel
Chromic gut suture
4-0 silk suture
Proline polypropylene suture

tainer containing a 10 Ci source should be made to confirm
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TaBLE X. Pretreatment QA checks. For routine applications, these tests can be performed by the radiation
therapist or source curator.

System tested Test end point Test methodology

Reusable applicators, Completeness, All applicator components, caps, cylinder segments,

e.g., intracavitary operable condition, and clamps, tools, and other accessories available. Plastic

applicators structural integrity components not cracked or abraded and fit tightly over
metal tubes. Applicator appropriately sterilized.

Single-use interstitial Identity Correct diameter and length

and transluminal Correct function Buttons, connectors, etc., fit on applicators. Applicators
applicators not kinked. If indicated, perform simulated treatment on
machine.
Completeness All accessories present
Positional accuracy If active source positioning requires fixed length, sound

each applicator

Templates and other Correct function Correct hole diameter

custom devices Identity Review spacing, dimensions, etc., with physician or
physicist
Operating room All required equipment Arrangement in advance. Verify on day of procedure.
readiness and medical resources
available

Remote afterloader Correct function of  Execute daily QA protocol the morning of the procedure
device and safety
accessories

source retraction. Staff properly executing recovery actions Any single major abnormal occurrence or unit malfunc-
during these emergencies are not likely to receive dosdon must be thoroughly investigated, usually by contacting
equivalents that exceed annual regulatory limits for wholethe vendor, and corrected before the unit is used for addi-
body exposure. Unplanned local doses to the patients aténal treatment. Thorough quality assurance is required after
likely to be similar to prescribed doses if recovery actions aresuch incidents occur.

executed promptly. Proper, well tested, readily available

emergency equipment will facilitate speedy recovery duringAPPENDIX: RECOMMENDED CHECK-OFF LIST

serious emergencies. Personnel must receive appropriate and

frequent training, including practice sessions with simulatedThe TG-59 recommends that institutional HDR brachy-
emergencies, to be properly prepared for emergencies.  therapy treatment delivery procedures address the safety and

TaBLE XI. Essential physics and QA duties during applicator insertion.

System tested Test end point

Test methodology

Applicator identity Applicator type and dimensions
(e.g., cylinder or colpostat
diamete) consistent with

clinician’s intent

Limitations of afterloader respected

Applicator insertion
All adapters, radiographic
markers, clamps correctly
assembled

Location of target Operating room data relevant to

volume defining distal- and proximal-
most dwell positions in each
catheter identified

Treatment record Inserted applicators accurately

recorded

Hand requested applicator to physician, make certain
physician knows which one is inserted into patient and is
compatible with selected modalifHDR, LDR, Manual,
etc)

Adequate distal margin and proximal leader to allow
connection to treatment unit. Treatment volume within
programmable range. Catheters not kinked or constricted
during insertion.

Direct visualization

Ask radiation oncologist how target volume/area is
identified. Record all relevant information, e.g., surgical
clip location, bronchoscope insertion depth to tumor
margin, radiographic landmarks, etc.

Verify diagram drawn against observations
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TasLE XII. Essential p

hysics and QA duties during radiographic examination of the implant.

System tested

Test end point Test methodology

Applicator identity

Simulation marker
identity

Treatment record

Radiographs

Applicator numbering system  One person attaches labels, another observes

matches diagram and records data on diagram. Recorded data
checked.

Radiographically distinct Consult experienced dosimetrist or physicist for

markers distributed so as to complex cases

enhance matching on two

radiographs

Applicator-marker identity One person inserts markers, another observes,

correctly recorded. Markers verifies, and records data on diagram

correctly inserted

Inserted applicators accurately Verify diagram drawn against observations
recorded

Beam geometry satisfies Dosimetrist reviews radiographs
reconstruction algorithm,
adequate quality and catheter
separation for matching

Radiograph quality adequate Radiation oncologist reviews radiographs. AP
for clinical evaluation and lateral views obtained if oblique views used
for implant reconstruction

QA checks listed below. The Task Group notes that not alommended QA procedures to suit their needs. The check-off
items are applicable to all types of equipment and procedurdsst summarizes the TG-59 Report recommendations con-

and that individual users may wis

h to augment this list totained in Tables X—XVII.

reflect their institutional practice patterns, staffing level and The central purpose of the check-off list is to define QA
cost-benefit analyses. Individual users should adapt the reand safety checks to be performed during the execution of

TasLE XIlI. Essential elements of the treatment prescription process. The individual listed first is responsible
for executing the activity while the second individual is responsible for verifying the procedure.

Responsible
individual

Activity Methodology

Radiation oncologist

Physicist

Radiation oncologist

and physicist

Physicist

Dosimetrist

Complete, sign, and date
prescription
Physicist/Dosimetrist: Question deviations
Review radiographs and mark from treatment policies or customary practice
treatment and/or target
volume and sign

Define dose prescription and If high-frequency procedure or clinical indication
optimization criteria for treatment, written treatment policies which
describe the dose specification and optimization
Define treatment planning processes should be available

constraintymaximum and
minimum doses, normal If procedure is infrequent, customized, or
tissue tolerances, ejc. otherwise unusual, physician and physicist

should work together to address these

questions

If standard pattern use@.g., intracavitary
implan, procedure type and protocol identified
Active dwell positions selected
and documented If identified and marked radiographically
confirm that the all relevant data defining target
volume is consistent with proposed dwell
position distribution
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TasLE XIV. Critical steps in the treatment planning process. The individual listed(firghary) is responsible
for executing the activity while the second individ{akecondaryis responsible for verifying the procedure.

Primary/secondary
individual Activity Methodology

Physicist reviews with dosimetrist:
which written procedure, if any, to be followed.
Physicist/Dosimetrist Review treatment or identifies reconstruction, optimization, dose
planningprocedure specification procedures to be used for this case

If standard pattern use@.g., intracavitary
implant, procedure type and protocol identified

Dosimetrist/Physicist Active dwell positions

localization

Channel numbers matched to radiographic
image, treatment length, and first and last dwell
positions in each catheter calculated. Physicist
to review.

Compare patient name on prescription,
radiographs, localization data, and HDR
Dosimetrist Verify plan input data treatment schedule
Confirm date/time displayed on RTP, and that
displayed source strength agrees with source
inventory or chart
Check entered daily dose against prescription,
for each catheter check length, dwell spacing,
and active dwell position numbers against
localization protocol or planning procedure
Check radiograph orientations, distances,
magnifications, and gantry angles against
requirements for selected source position
reconstruction algorithm

Intended volume treated to desired dose
Assess clinical adequacy of
Radiation oncologist plan Optimization goals and constraints satisfied
Accept or reject plan

each individual patient treatment. The checklist is intendeaorrect execution of assigned tasks by the treatment delivery
not only to maximize safe and accurate execution of eacleam and accurate information transfer from one team mem-
treatment, but to define the procedure flow. Our recommenper to another, rather than correct operation of equipment.
dations assume that a periodic device-oriented QA program | order to facilitate correct communication among treat-

for the remote afterloader, treatment planning system, applig,ent gelivery team members, the use of certain forms may
cators, QA test equipment, and other accessories has begn

implemented according the AAPM Task Group 56 € recommended. For example;

guidelines® TG-56 recommends that QA protocols be ex-(1) Prescription Form and Daily Treatment Record. See
ecuted at annual, quarterl{following each source ex- Treatment prescription below.

changg, and daily intervals. The associated tests includgp) pre-treatment Physicist Treatment Plan Review, which
HDR source calibration and other_ functional pfara_met_ers test-  should have entries for all input and output to be
ing WhICh ensure that Fhe deswgd d_qse d|str|bgt|on and  packed. Se€)—(7).

spatial-temporal distribution of radioactivity are delivered as . . . .

) . - . . (3) Daily Equipment QA Protocol as described in 1.
intended by the attending radiation oncologist. The device . o .
QA protocol also addresses patient and staff safety, radiatioﬁl) DweII-P0§|t|0n Locallz:—:ltlon Form for complex multi-
barrier adequacy, and function of critical safety interlocks  catheter implant¢see Fig. 4.

and warning systems. In contrast, the TG-59 report emphd®) “Master QA Checkoff List” which describes the QA
sizes day-of-treatment checks. An important component is  test sequence and mentions all tests not covered by the
the daily QA equipment checks, which are reproduced below more specific formg2)—(5).

from the AAPM Task Group 56 RepotiThe purpose of this . i

set of global but nonspecific tests is to confirm the correcf*dditionally, the signed Informed Consent Form and other
operation of the treatment unit and availability of neededcritical technical and clinical informatioshouldbe available
accessories on the day of treatment. The additional check8 the patient chart.

listed below emphasize accuracy and safety of treatment In the following, a suggested list of QA checkoff items is
planning and delivery processes, and are designed to enhangi®en in order of HDR procedure.
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TasLE XV. Pretreatment physicist review of HDR treatment plan and dwell-time calculations.

End point Check methodology
Patient identity Compare patient names/numbers/dates printed on
prescription, simulator radiographs, chart, and localization
form
Input data As described in text

Applicators modeled in treatment plan match those of
operating room description and implant diagram

Positional accuracy/ Verify matching and localization calculations against

Implant geometry radiographs if interstitial ortransluminal implant.
Compare active dwell positions, dwell separation, and
treatment length listed on computer plan to localization
form or to appropriate treatment planning procedure.
Compare three orthogonal dimensions of implant measured
from AP and lateral radiographs to corresponding
dimensions of graphic plan. Check radiograph orientations,
distances, magnifications, and gantry anglesagainst
requirements for selected source position reconstruction
algorithm.

Appropriate optimization option used.

Plan optimization process Dose optimization and dose specification points in correct
location relative to dwell positions on graphic plan.
Expected isodose curve passes through dose specification
points.

Optimization algorithm produces expected distribution of
dwell weights, coverage of target volume, and distribution/
magnitude of hot spots or peripheral/central

minimum dose ratio. Implant quality parameters derived
from dose-volume histograms, if available and previously
validated, should be checked.

Dose calculation (RAK)/dose ratio falls within expected range.

accuracy Assuming distribution of dwell times on computer plan
printout, manually
calculated dose agrees with dose calculated by RTP system
within expected tolerance.
Doses at clinically important points of interest agree with
values interpolated from isodoses.
Isodose curves calculated in appropriate planes.

Clinical adequacy Prescribed dose, applicator selected, and dose distribution
consistent with Policies of Treatment for patient's disease
or physicist’s understanding of physician’s clinical intent.
Volume covered by prescription isodose surface consistent
with all known target localization data.

Maximum dose and dose to critical anatomic structures,
including previously administered therapy, within accepted
range.

Daily treatment record Source strength, total dwell time, total IRAK, no. and type
of applicators correctly entered into daily treatment record.

. (6) door interlock and audible/visual error and alarm indica-
1. Daily QA checks on the remote afterloader

tors;

(a) Correct function of (7) dedicated fluoroscopy/imaging system if available.
(@) backup batter.y; (b) Accuracy of
(2) audible and visual treatment stafig®urce and cable sta-

tus) indicators at console and above door; (1) decayed source strength programmed into treatment unit
(3) independent aerial radiation monitsr, and planning system;
(4) audio-visual communication systems; (2) timer and radiation output using tertiary standard or
(5) remote afterloader during a simulated treatment; timer sport check(The AAPM TG-59 recommends, but
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TasLE XVI. Pretreatment safety checks to be performed after patient setup and treatment programming.

End point Individual Methodology

Patient identity Operator Any method appropriate to patient mental
condition and degree of operator familiarity with
patient. Check patient name against that on
chart and treatment plan.

Prescription followed Operator Compare dose/fraction on treatment plan and prescription.
Compare total dose and no. of fractions against treatment
previously given.

Compare source strength on treatment plan and remote
afterloader.

Check: Prescription filled out and signed, physician and
physicist have signed off on treatment documentation.
Correct length transfer tubes used; applicator no.-channel
no. correspondence correct.

Dwell times and positional settings printed by afterloader
match treatment plan.

Setup accuracy Physicist Programmed afterloader settings match treatment plan.
Correct length transfer tubes used; applicator no.-channel
no. correspondence correct.

Operator Applicator positioning checked against operating room
measurements, reference marks

does not require, a global test of timer accuracy and4) Applicator properly sterilized and valid date of steriliza-
source output by obtaining an integrated reading using a tion.

radiation detector and jig for fixing the source-detector

geometry which has been previously calibrated againss. Applicator insertion

the secondary standard used for quarterly source calibre(l-l) Patient identification.

tion.) o (2) Label dummy markers.
(3) Source positioning. (3) Hand and check-off requested applicator to physician.
(c) Availability, condition, and correct function of (4) Applicator configuration same as preplgsredesign or
plan intention.
Record all relevant information and draw diagram
against observation and compare with preplan.

(1) Emergency Procedures Kit and Emergency Safe; 5)
(2) Emergency procedures or instructions;
(3) Treatment unit operator's manual;

(4) Handheld GM counter and/or survey meter. 4. Implant localization and simulator

(1) Patient identification.

(2) Labels on dummy markers.

(1) All applicator components and accessory available.  (3) Compare dummy marker drawing against the plan draw-
(2) Plastic components in good condition. ing.

(3) Applicators’ correct length and diameters. (4) Quality of the localization radiographs.

2. Applicator preparation

TABLE XVII. Post-treatment QA checks.

End point Individual Methodology
Area monitor checked before entering the room.
Patient/personnel Operator Enter room leading with survey instrument to
safety confirm complete retraction of source

HDR device shut down and secured after
patient removed

Fill in daily treatment record.
Treatment accuracy Operator Compare total dwell time on treatment unit
printout agrees with calculation.

Chart order Operator All forms and checklists complete and properly
filed in chart.
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(5) Label the radiographs.
(6) Depict or draw treatment volume on radiographs or else
where.

5. Treatment prescription

(1) Physician’s signature and the date.

(2) Patient identity.

(3) Applicator specifications.

(4) Type of treatment and the treatment site.

(5) Total dose, fraction size, and a number of fractions.

(6) Treatment date and time.

(7) Overall treatment strategy including HDR and external
beam.

(8) Optimization goals and constraints satisfactory.

(9) Check if extra dummy wire test is needed because o
tight bends.

6. Treatment plan

402

(6) Source geometry reconstruction.

{7) Start and end dwell positions.

(8) Correct Indexer Length for each catheter.

(9) Radiograph orientation, magnifications, and film-to-
source distance.

(10) Applicator points coordinates.

(12) Correct dose optimization points on printout and plot.

(12) Correct prescription-point dose on printout and plot.

(13) Reasonable plot for the positions of the patient points.

(14) Check on the printout that the doses to the patient

points are reasonable.
(15 Reasonable agreement with previous plan.
(16) Smooth dummy wire travel.

P. Program card printout

Check that the information on the program card printout
is correct and the same as that in the prescription and plan
printout.

(1) Software version number, source calibration date, sourcel) Same step size as in plan printout.

strength.

(2) Total number of catheters agreeing with that in the plan

(2) Today’s date, and source strength against decayed Printout.

strength.
(3) Correct system data file.
(4) Default parameters used for dose calculations.

7. Pretreatment review (independent check )
A. General
Should have

(3) Total treatment time agreeing with that in the plan print-
out.

(4) Indexer length agreeing with that in the plan printout.

(5) Correct channel numbes.

(6) First and last dwell positions agreeing with the plan
printout.

(7) Correct indexer length and offset for each catheter.

(1) Physician Prescription Form, completed, signed, and- Post-treatment QA

dated,;
(2) HDR Physics Form, filled out, signed, and dated;
(3) all simulator radiographs;
(4) patient chart, including all previous HDR plans;
(5) isodose plot of current plan, signed by physician;
(6) printout of current plan;
(7) printout from the program card for the current plan.

B. Radiographs

(1) Proper sdb) of radiographs.

(2) Correct radiograph orientation on the digitizer.

(3) Correct numbering of catheters and dwell positions.

(4) Information transferred from initial planner to radio-
graphs.

(1) Verify each treatment time on the printout.

(2) Verify radiation level at consolébackground, on pa-
tient, and on the unit.

Detach treatment applicator from the unit.

Retrieve metal adapters on bronchial catheter.

Clean all coupling mechanisms.

Return the treatment unit to storage area.

Retrieve treatment printout file appropriately.

Document total treatment interruption time and number
of error conditions.

(9) Turn off control panel and lock keys in designated area.
(10) File daily treatment record.

©)
4
)
(6)
@)
®

(5) All desired patient dose points properly defined andg. Others

marked.

(6) Correct dose origin in the same place on all radiographs.

C. Plan and plot

(1) Patient identification.

(2) Source activities from the table and from the planning
system agree to within 0.5%.

(3) Source strength, ID, date of calibration.

(4) Correct number of catheters.

(5) Step size.
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(1) Periodic check on staff annual retraining.
(2) Periodic emergency test.
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