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Introduction

In a discussion such as this concerning facility configuration, it is desirable

to have a common set of references to ensure that everyone is clear about what is

being discussed. To this end I have chosen four categories that were formally

defined by a task group on PET site and facility planning set up by the American

Association of Physicists in Medicine (1). It is obvious that there is really a

continuum of facilities and the lines of definition are purely arbitrary. The four

categories are:

[. Clinical PET with no radionuclide production facility. This type of center has

no cyclotron.Allthe radiopharmaceuticalsare eitherproduced from simplekits

using radioisotopes milked from generators or are purchased from a local

distribution center. There is no involvement with basic radiotracer development

research and there is complete reliance on the equipment vendor for repairs,

t

maintenance and upgrades.

II. Clinical PET with a radionuclide production facility. This type of center has a

cyclotron or other small accelerator and some Wpe of automated chemical

synthesis apparatus. There is little involvement with basic radiotracer

development research and there is nearly complete reliance on the vendor for

maintenance, equipment upgrades and new capabilities in the form of new

radiotracers.

III. Clinical PET with a research support staff. Along with tile accelerator and

automated synthesis modules, this center has a scientific support staff of a
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chemist(s), physicist(s) or other scientists capable of developing PET procedures

and radiopharmaceuticals that have been described in the literature. The major

emphasis is to perform routine patient studies, but some independent research is

carried out.

IV. Research PET facility. Along with the PET scanner and accelerator, this

center will have a team of research scientists performing basic research on

developing new radiotracers and procedures. Considerable space is allocated for

laboratories and animal facilities. Little or no purely clinical work is done, but

there may be an extensive clinical research program.

Usually a type IV operation evolves from a more restricted facility although

in severalcasessuch a facilityhas been setup with no previoushistory,ofPET.

The transitionfrom a smaller,somewhat focusedfacilitytothe more general

research facility is usually a gradual one requiring several years. For that reason,

thischapterwillconcentratemainly on the typeI through Illfacilitieswi_h a few

words concerning the possibility, of ex-pansion.

The most important consideration in facility planning is to be absolutely i

clear on the intent of the center. Specific goals must be set as to the type of i

studies which will be done, the radiopharmaceuticals used, the complexity of the

scanning protocol, the radioisotopes required, and the amount and complexity of

data analysis. This requires input from the scientists and physicians who will be

using the center as well as the scientists involved in setting up the center. It is

imperative that everyone clearly understand what a particular facility can do and
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more importantly, what it cannot do.

Having said that, it is also important to try and envision what type of
%

center this facility could evolve into during the coming years. I_f there is any

possibility of expansion, provisions should be made for this eventuality. With this

in mind it may be possible to plan the exact layout of the facilities in a more

fle_ble manner which would allow for rapid changes in the direction and goals of

the facility without the expenditure of large amounts of money.
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Section 1: Clinical PET with no Radionuclide Production

The simplest type of PET center is one where radionuclide generators or

isotopes purchased from a local distribution center are used for PET scans.

Typical examples of these isotopes could be Zn-62 _ Cu-62 generators, Sr-82

Rb-82 generators, fluorine-18 delivered from a re_onal center either as

fluorodeoxyglucose (FDG) or as fluoride ion to be processed to the

radiopharmaceutical.

This situation does not require any selection of an accelerator, but does

require the allocation of some laboratory space. In most cases, the radioisotopes

will not be in the form of the desired radiopharmaceutical and must be processed

either with a commercial kit, with some more extensive simple chemistry, or in an

automated synthesis module. This implies that there must be shielded space

somewhere near the tomograph suite to do the processing. The more extensive the

chemistry required, the more elaborate the facilities need to be. This will be

separatefrom the spaceneeded todo theblood chemistrywhich _dllbe in the

tomography suite. The bare minimum will be a space to process and a separate

space with the facililies to do quality assurance (QA) on the final product before

injection. A set of guidelines for the areas needed for these activities is given in

Table 1.



Section 2: CHnical PET with a small accelerator

In this type of PET center, a small accelerator is used t8 generate some or

all of the commonly used positron emitting isotopes of oxygen-15, nitrogen-13,

carbon-II, and fluorine-18. In addition to these isotopes, some commercially

purchased generators may be used.

In the simplest form, this type of center would have an oxygen-15 source in

the form of a small accelerator and receive deliveries of fluorine-18 and perhaps

one or two generators. The oxygen-15 only machines are small, compact and

require very [ittle shielding. All the current accelerators use the 14N(d,n)1_O

nuclear reaction. The machines available at this time are a compact cyclotron, a

small linac, and a tandem cascade accelerator. The choice will depend on the

space available, the shielding requirements, and the reliability of the machines.

Since the processing of the oxygen-15 into its final chemical form is done on-

line, little space outside of that required for the accelerator is necessary. Quality

assurance _esting must be done on representative samples to verify that the pH,

radiochemical purity, and radionuclidic purity are within QA limits. These

samples can then be sent out for pyrogen and sterility testing. The space required

for the quality assurance testing will be the same as for a type I facility or about

200 sq ft. The processing space requirements will also be nearly the same as the

type I facility and of course they should be separate.

A center which meets the type II criteria might also have a slightly larger
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accelerator. This would be a small compact cyclotron or other accelerator which

will produce the four most widely used positron emitting isotopes carbon-II,

nitrogen-13, oxygen-15 and fluorine-IS. Here the spectrum of

radiopharmaceuticals which may be administered is much wider. This type of

accelerator will require additional shielding as well as space for electronics, water

cooling,.a heat exchanger, and a control room. The choice of accelerators is much

wider in this situation. Nearly all the accelerator manufacturers have an entry

into this market. The choice will depend on the exact situation, but some

_idelines are _ven in the summary.

There will almost certainly be some synthesis modules in use which may be

supplied by the manu[hcturer of the accelerator or may be purchased

independently. This type of facility has the potential of some expansion in the

future. New radiopha.-znaceuticals may be developed which offer better dia_o-aostic

toolsofthe physician.I-{owever,thistypeoffacility_dlldepend on the

manufacturer toproduce a commercial unitforthe productionofthese

radiopharmaceuticals since no manual chemicalsyntheses or design of automated

synthesis modules will be done in-house. The delay between the time a

radiopharmaceutical becomes a proven clinical tool and the time a manufacturer

releases a module for its synthesis can be significant.

Facilities for the synthesis modules should be made near the cyclotron (to

minimize loses due to transfer) and PET tomograph area but well shielded to

prevent undue radiation exposure to personnel. The ideal situation would be a
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small shielded room with the synthesis modules easily accessible. A consideration

in this arrangement is to be sure that a module that must be loaded with fresh

%

reagents for the next synthesis is not in close proximity to another module which

still has a substantial amount of radioactivity from the last synthesis. There

should also be sufficient space around each module that it is possible to access it

and perform maintenance and repairs easily.

Another possibility is to have the synthesis modules in the cyclotron vault

or shielded area. This has two disadvantages. If the cyclotron is not completely

self shielding, then reagents cannot be added while the accelerator is running.

The second disadvantage is that some type of electronics are particularly

susceptible to radiation damage (particularly from neutrons) and storage in a high

radiation environment will necessitate frequent replacement of these parts.._m

alternative is to use a substantial amount of shielding around each module, but

this again usually restricts access and increases the amount of space occupied by

each module.
mm

The amount of space required for tiffs type of faci!ity listed in Table 2.

Section 3: Clinical PET with research support

This type of facility would have an accelerator capable of producing ali of

the major positron emitters and possibly some other isotopes. It is also possible

for this type of facility to employ generators for certain types of studies. There

will be significantly more laboratory space required depending on the amount of
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effort which is directed towards the development of new radiotracers and the

utilization of radiotracers described in the literature. There will also be much

more elaborate analytical and quality assurance instrumentation.

By far the most widely used accelerator for this type of facility is the small

fixed energy cyclotron. The cyclotron will have an energ-y of between 10 and 20

MeV protons or 5 to 10 MeV deuterons. The extracted beam current will be on ti_,,:

order of 50 to 100 7xA. Most of the accelerator manufactm'ers have an entry, into

this market also. In addition to the cyclotron itself, provisions must be made for

the associated electronics, water supplies for the electronics and cyclotron, the

heat exchanger, and the control console.

The targets associated with the accelerator are usually either attached to

r,.ol ° ,r.he cyclotron as is the case for a ne=_,tl_ e ion cyclotron, or tna3' be in a targe_

changer as is oPcen the case for a positive ion cyclotron. In both situations,

swi_c,king between targets mav be done remoteiv. In either case, pro<dsions. .... :._

be made for maintaining and repai_ng the target.

Facilities for cormmercial s}_hesis mod'Aes will be _he same as in the u:,p_

II facility. The ability to carry out synthetic procedures for the production of

radiopharmaceuticals however will require a synthesis hood or shielded area

where remote operations may be carried out. A typical example would be a

shielded synthesis hood (2). These hoods should have shielding capable of

reducing the dose rate by at least a factor of 1000 and preferably more. It should

contain water in and out, access to nitrogen and vacuum, and a number of
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switchedelectricaloutletsfortemperaturebaths,rotaryevaporators,HPLC

pumps, detectors,etc.In additionthereshould be penetrationsin the hood for

liquidand gas transferlinesand electricalcablesforthe controlofsolenoids.The

hood should also contain a device for measuring radioactivity such as a Capintec

ionizationchamber. There shouldbe one largeopeningin the hood sothatsetup

and removal ofequipment is not cumbersome.

In additionto thismajor synthesishood,itisdesirabletohave one ormore

hoods with less shielding but the same amenities so that synthetic procedures max,

be worked out with low levelsofradioactivitywithoutinterferingwith routine

synthesis for PET studies. Ideally these hoods would be ina separate roc)m so

thatone does not interferewith the other.They shouldboth have directaccess:.')

precursor radioacti_dtv so that it is not necessary, to transnort, the radioactivity. ;r..

the laboratory.

Section 4: Research PET facilities

The final category is a complete research operation. This %vpe of facilitv cenn

takemany differentforms.The acceleratorwillbe one which iscapableof

producing all of the positron emitting isotopes and may be capable of producing a

= much wider variety of isotopes. The cyclotron energy can be up to 40 MeV for

protons and may have the ability to run other particles. As was mentioned
_

earlier, it is uncommon for this type of facility to be built from the g'round up. lt

is much more usual that this type of facility will develop over the course of several
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)'ears. To this end, it is necessary to plan expansion of a facility even at the

smallest level since a little foresight at that juncture can save grief and hundreds

of thousands of dollars in added expense when the time comes to expand the

facility. This is especially true in the choice of an accelerator since this piece of

equipment should be expected to have a usefifi lifetime of 15-20 years.

A common situation in developing a PET center is that it must be

established in a pre-existing structure. This will put limits on the ability to

expand at a later date. Even here however, it is possible to have power, air

conditioning and other utilities with sufficient reserve to allow some additional

equipment and space to be added.

If the space is being constructed specifically for a PET facility, every effort

-:ouldbe made toallo,w ferexpansionin some direction.The expansioncan be up

,or down or on any side. if the expansion is to be to the side, then provision should

be made to have the central pieces of equipment (cyclotron, tomo_'aph) as near as

possibletothis,.vail.Utilitiesshould be run ina way which isconsistent_dth any

_n, isioned expansion.

Section 5: General facility considerations

The following is a checklist of considerations for the design of a PET facility.

Each item should be considered on how best to fulfill the requirements. Of course

not ali the items will apply to ali levels of PET facility, but thought should be

_ven to how these needs could be meet if the facility should expand in the fl_ture.
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Although this chapter deals with the laboratory, and accelerator space, the

checklist for the tomo_aph area is _ven since functional areas may and should

overlap.

Checklist

A. Functional Areas - Tomograph

1. Tomograph room - size, floor loading, cable trenches

2. Control Room - view of patient area, cable trays, computer floor

3. Computer equipment room - access to drives and electronics

4. Archival storage room - tyl_e of archive (optical, tape)

5.Data analysisroom -workstationaccess,easeofdata retrieval

6. Patient preparation - supplies at hand, crash cart, sink

T.Waiting room -comfort,entertainmentofpatientsand family

8. Janitorial closet - ease or' access, floor drain

9. Lavatories- unisex, employees and patients

10. Blood Laboratory - test equipment, analytical equipment

: 11. Office space - quiet space for work during lulls
=

12. Automated blood sampling- provisions for sampler or people

13. Automated metabolite analysis - provisions for robot or people

14. Tour facilities- a space for show and tell
=

15. Storage of biohazard waste

16. Communication equipment to cyclotron and laboratory
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B. Functional Areas - Cyclotron

1. Cyclotron Vault- size, wall thickness, trenches, room for expansion

208, 4'_0 V, expanded 110 V, addition of beam lines

2. Power Supplies and Electronics - access, water' and air conditioning

3. Heat exchanger- access, testing for radioactivity

4. Cryogen storage - separate area if possible, gas bottle storage

5. Control room - cable trenches, computer floor, adequate metering

extra l l0V outlets

6. Spare parts storage - 1 spare of major components

7.Shop space,electronicand mechanical - sizeand equipment

8.Radioactivepartsstorage-radioactivedecay beforedisposal

9. RF shielding

10. _{a_netic field shielding

!I.Use "tie-poinC_Jring,welldocumented, many extracablesand conduits

i2.Target repair and maintenance area with radioactive waste disposal

!3. Extensive communication equipment to PET and laboratory

14. Overhead electric cranes for equipment moving

C. Functional Areas - Laboratory

I.Chemistry laboratory - size, number of sinks, utilities

2. Reagent storage, refrigerators - number and type

3. Synthesis module room- separate if possible, shielded
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4. Quality assurance - space for test equipment, low background

5. Radionuclide generator storage - separate if possible

6. Office space - sufficient for employees, outside laboratory

7. Lavatories - easily accessible

8. Janitorial storage - sufficient size, floor drain

9. Gas Cylinder storage - near laboratory and loading dock

10. Conference area - sufficient for the entire PET group

11. Eating areas- amenities (microwave, toaster oven, hot water)

12. Hazardous waste storage - outside laboratory

13. Supply storage (gloves, lab coats)

14.Record storage - fire resistant room if possible, computer records

15. Instrument to comnuter link_

16. Communication to PET and cyclotron

!-.Emergency/Safety e._ts

18. Safety Shower - decontamination area and supplies

19. Area for sterile set up of radiopharmaceuticals

D. Construction and Access Considerations

1. Equipment transportation, unloading and installation area

2. Floor loading (including access routes)

3. Ensure that the floor is level

4. Ceiling heights - sufficient for ali equipment and cranes
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5. Access for cryogens

6. Controlled access to areas of possible radioactivity

E. Radiation Protection Considerations

1. Air turnover in vault areas and laboratories

2. Pressure gradients in the facility

3. Shielding in the accelerator vault

4. Shielding around the synthesis modules

5. Monitoring equipment in the facility (portal)

6. Stack monitoring

7. Electronics in high radiation areas should be radiation insensitbe

8. Robotics for synthesis, target m__nipulation

9. Decontamination facilities and supplies

F. Facility En_dronment

1. Electrical supplies - voltages, currents and phases

2.._ir Conditioning - general area, computer areas, humidity, filtration

3. Water supply and floor drains, sinks with holding tanks

4. Chilled water supply

5. Establish controlled areas

6. Fire detection and safety

7. Telephone, FAX service
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S. Housekeeping

Summary: W]lich machine, Which isotopes

The final question is what type of facility should be planned. This comes

back to the first question "What are the specific goals of this center ?". This must

be agreed upon by all parties before the first phone call td the manufacturers are

made. Clearly the PET field has changed during the past ten years a _eat deal.

lt will probably change even more over the next ten. For this reason, as much

fle_bility as possible should be incorporated into the final desigm.

An extensiveevaluationofthe typesofacceleratorsisbeyond the scope of

thischanter.Informationon typesofacceleratorsand theircharacteristicscan be

found ina recent review (3!. However, some =_eneral ques:ions to be asked when

ch_,osingan accelerator are in order. ]:tis assumed that the _'oals and the planned

_a_:,abilities _)f the facility are clearly in mind when these ::luestions are asked ant[

it is merely a choice between several type of accelerators, lt has already been

decided that the accelerator will produce only oxygen-15 or it will produce ali the

common positron emitting isotopes.

The key questions to be asked when choosing an accelerator is Wen below

(3).

1. Will this machine produce the amount of radioisotope necessary for the type of

facility being planned?

2. Is the machine and the targetry reliable?
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3. What are the initialcostsand how do thesecompare to the operationalcosts?

4. What personnel will be required to maintain the machine and associated

hardware?

5. What will be required to shield this accelerator?

6. What are the power and water requirements and are connections available?

7. Is help from the manufacturer available and how much does it cost?

8. How will the radiation safety aspects be implemented and documented?

9. How will radioisotope emissions to the environment be monitored and

controlled?

i0..amethe targetmaterialsrequiredfbrroutineisotopeproductionreadily

available'?
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Table 1

Space requirements for the type [ facility

Activities minimum space utilities
Commercial kits 100 sq ft sink, eye wash

Simple chemistry 150 sq ft sink, eye wash,
emergency shower
reagent storage

Synthesis modules 200 sq ft sink, eye wash,
emergency shower
reagent storage
replacement parts

Quali_yAssurance 200 sq ft HPLC, pH _es_s
TLC, _amma counter
Clean area
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Table o--J

Space requirements for the type II facility

Activities minimum space utilities
Oxygen-15 accelerator 200 sq ft see list

Synthesis modules 200 sq ft sink, eye wash,
emergency shower
reagent storage
replacement parts

Simple chemistry 150 sq ft sink, eye wash,
emergency shower
reagent storage

Quality:\._surance 200 sq ft HPLC, pH tests
TLC, gamma counter
Clean area
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Table 3

Space requirements for the type III facility

Activities minimum space, utilities
Cyclotron 500 sq ft cyclotron dependent

Shielded Hood 300 sq ft see list

Hood 200 sq ft see list

Synthesis modules 200 sq ft sink, eye wash,
emergency shower
reagent storage
replacement parts

Quali_yAssurance 200 sq ft HPLC, pH tests
TLC, gamma counter

Officespace 4 x 150 electrical,computer

Electronicsshop 200 sq ft electrical,water

Parts s_orage 200 sq ft none

Lavatory 50 sq ft
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