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GUIDANCE FOR THE CONTENT AND REVIEW OF 510 (K) NO'rIFICATIONS FOR PICTURE 
- ARCHIVING ~~D COMMUNICATIONS SYSTEMS (PACS) AND RELATED DEVICES 

1. Applicability 

141002 

This guidance is applicable to picture archiving and communications 
systems ( PACS). PACS are systems which are intended to provide 
transmission, storage and viewing facilities for medical diagnostic 
images at distributed locations. Some PACS are intended to transmit 
information over long distances using public phone lines (e.g. 
teleradiology systems). Others are intended to transmit images within a 
clinical facility by means of local area networks (LANS). 

The guidance is also applicable to related devices which perform one or 
more of the functions (e.g. image transmission, storage or viewing) 
which may be provided in a PACS . Such devices include: 

image digitizers - video and film digitizers 

image communications equipment - networks and inter faces 

image storage devices - video recorders and digital storage media 

workstations and their components - video monitors r image processors r 

and image processi.ng software 

image hardcopy devices - laser printers and multiformat cameras 

The guidance does not apply to general purpose devices if t hey are not 
specifically indicated or promoted for use in conj unction with medical 
images. These products are not considered to be medical devices and 
premarket notifications are not required. Examples of such devices 
include general purpose c9mmunications systems r data storage media and 
software. However, if general purpose devices are indicated or promoted 
for medical use, a S10(k) must be submitted. Also, -if they are sold -as 
a PACS component, they must be described in the SlO( k) for the system. 

2. Update for Devices Employing Lossy Compression 

Data compression techniques ' have been utilized for medical image data 
communication and storage for a number of years as a means of reducing 
transmission time and storage requirements. However, recently there has 
been a marked increase in the number of PACS devices which utilize 
lossy data compression, i.e . compress ion techniques which do not 
preserve the original data. This increase in activity has been 
reflected in the number of S10(k) submissions for devices which 
incorporate lossy compress ion as a feature. I 

In response to these changes the Center has reconsidered the r egulatory 
issues associated with lossy compression . In particular, consideration 
has been given to the suitability of lossy compression for different 
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medical applications s uch as primary diagnosis, referral and archiving. 
Consideration has also been given to user needs with regard to 
promotiona l material, image labeling and instructions. · Related 
technical issues have also been considered . These include the 
descriptive technical information to be included in the submission, and 
the labor atory data and clinical studies which may be required to 
support a finding of substantial equivalence. 

In this document the original Draft Guidance dated 02-91 regarding t he 
content and review of PACS products has been revised to reflect these 
considerations. 

3. Content of Notification 

The following information s hould be included in the SlO (k): 

3.1 General Information 

a. Name and address of manufacturer 

b. Establis~~ent registration number 

c. Co~non and proprietary names of the device 

d . Class 

No formal c lassifications have been issued for PACS or PACS 
components . For purposes of determining substantial equivalence 
they have been considered to be accessories to medical imaging 
devices. 

e. Applicable standards 

The following standards should be referenced where app licable, and 
a statement of compliance or noncompliance provided: 

i. Food, Drug and Cosmetic Act -

No performance standards for PACS systems or--cbmponents have 
been issued under the authority of section 514. 

, 
ii. Radiat ion Control for Health and Safety Act -

Video monitors a r e considered to be televi sion receivers and 
subjec t to the performance requirements of 21 CFR 1020.10. 

Fiberoptic co~nunications , laser digitizers, laser printers 
and optical disc storage devices ~tilize lasers, which are 
subject to the performance requirements of 21 CFR 1040.10. 

Note: Manufacturers mus t submit initial reports for video 
monitors and laser products (21 CFR 1002.10). Reviewers 
should ask manufacturers if they are aware of this 
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requirement. 

iii . Vol untary Standards 

The Society of Mot ion Pic t ure and Televis ion Engineers 
(SMPTE) has a standard test pattern for the evaluation of 
te l evision monitors and film recording cameras u sed in 
medical diagnostic imaging. 

141004 

The National Electrical Manufacturers Association (NEMA ) and 
American College of Radiology (ACR) .have developed the 
Digital Imaging and Communications Standard which is i ntende d 
to p rovided a s tandard method of data exchange. 

The ACR/NEMA Data Compression Standard is intended to allow 
the transmiss i on of compressed i mage data across the 
interface spec ified in the ACR/NEMA Digital Imaging and 
Commun i cations Standar d. Thi s s t andard is' current l y a draf t . 

The Under writers Laboratories (U.L.) Standard No. 544 for 
Medica l and Dental Equipment contains safety requirements 
which are applicable to PACS and PACS-related devices . 

Reference may a l s o be made to the draft standard ISO/IEe 
10918-1 Digital Compression a nd Coding of Continuous-Tone 
Still Images (al so known as JPEG). 

3.2 Device Description 

a. Summary of functions of the device and its major components: 

An overall summary o f the functions of the device and its 
indications for use should be provided. For devices comprised of 
more than one major component, the summary should list these 
components with a brief description of their individual f unct i ons. 
In cases where a major component is obtained from another 
manufacturer, the manufacturer and tradename should be given. 

PACS devices which incorpora te lossy compression will not be 
required to restrict indications for use. However ; ' .-manufacturers 
may voluntarily restrict recommended use either in general or 
specific terms (e.g. no;t for primary diagnosis, not for use in 
conjunction with mammography images, etc.). 

b. Diagram of l ayout and interconnec tions: 

For devices comprised of more than one major component, an overall 
diagram il lustrati ng their interconnection should be provided. 
Interfaces (e.g. ACR/NEMA , SCSI, etc.) should be labeled. Also, 
the physical means utilized for the interchange of data (e:g. 
twisted pair, coaxial cable, fiberoptic cable, etc.) should be 
identified. Interco nnections which transmit compressed data should 
be spec ifically labeled along with the compression ratio . 
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c . Te c hnical charac teris tics a nd means of operation: 

The means utili zed by eac h major component t o perform its f unc tio n 
sho uld be d e s c r i bed. A l ist o f al l operat or c o n t rols wi th a brie f 
d e scription of t he ir functions shou l d be inc l uded. Any new 
t e c hnology or unique materia l s which are ut i lized shou l d be 
i dentified. For devic es which utilize new technology or mater i als, 
cop i es of related tec hni cal publications should be submitted. 

The f o llowing info rmation s hould be i nc l u ded for specific types of 
PACS-related devices . If the 510(k) i s f or a c omplete s y s tem, t h i s 
info rma t ion shou l d be submitted f o r each device in the system. 

i . Image digitizers 

All devices - The me t ho d used , to digi t i ze the image (e .g. 
video cameia and ADC, solid state sensor o r laser sc a nner) 
should be described. Also, a diagr am illustra ting the optic al 
path indicating t he pos itions of all major optical , 
mechan i cal and e l e ctron i c c omponent s should be prov ide d. 

Film digitizers - The me thod and equipmen t used to s c an t he 
film s hould b e dis c ussed, and a diagram - il l ustrat ing the 
ma j o r components o f the s canning mechanism should be 
inc l uded. 

ii . Commun i catio ns and image storage devices -

Communications - In cases where standard, gener al purpose 
equipment is utilized i t is only necessary to provide the 
manufacturer, tradename and a brief descriptio n. For new 
types of equ ipment the topology, acc"ess contro l methods and 
met hods used for d e t e cting transmiss i on errors s hould be 
disc ussed. 

Storage - In cases where standard, general purpose equipmen t 
is utilized, it is o n l y necessary t o provide t he 
manufacturer, tradenarne , form of storage (analog or digital ) , 
and t ype of storage medium (e . g. solid state" fl o ppy o r hard 
disc , magnetic t ape , optical disc). For new types of 
equipment, the new t echno logy should be discussed in detail 
and c opies of related technical literature p rovided. 

I mage formats - The manufacturer sho u l d identify any other 
manufac turers with whom he has 'o r i n tends to make 
arrangements to obtain their image data formats. 

Data compressio~ - If standard data compression schemes (e. g. 
differential pul s e c ode modulation (DPCM ) , Hu ffma n e ncoding) 
are utilized in commun i c ations or storage, they may be 
identi fied by name . If non- standard or proprietar y methods 
are e mployed, t he algorithms utilized should be des cribed i n 
detail a nd copies of a ny related . technical publications 
provided. 
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iii. Worksta ions -

Monitors - The monitor types ( black and white o r co lor, 
progress've or in erlaced ) and avai l ble image isplay 
formats (e.g. 2-' n-l , 4-on-one) should be listed. Video 
monitor diagnos tics provided by the softwa re (e.g. SMPTE test 
attern) should be i entified o r described . 

Processors and storage - The image processing hardware should 
be listed along with the bas ' c function of each device (e.g. 
host c omputer r additional processors and their func ions ). 
Image storage media provided wi t h the workstati n should be 
listed (e . g. floppy an hard disc s, magnetic tape, optical 
disc, RA}l, etc.). . 

Operat. o~ Interf aces - Keyboards and other controls (e. g : 
mou s e, t rackball) s hou ld be listed and any s pecial purpose 
digi izers (e. g . 3D) should be described. 

Software - All oftware image processing algorithms (e.g. 
filters and image enhancement techniques) should be 
listed along wi h their basic function .- In cases where 
standard 3 dimensio al reconstruc tion a nd display are 
provided, the algorithms (e .g . surfac e and volume rendering) 
should be identified. If new algorithms are used, copies of 
related technical references should be provided . In cases 
where· quantitative a l gorithms are included i n the software 
(e . g. cardiac function a lgorithms ) , the method of measurement 
should be described . Also, if ne w quantitative algorithms are 
used, the results of any clinical studies and copies of 
publicat ions i n the tec hnical literature supporting the 
validity of the algorithms s hould be provided . 

iv . Hardc opy devices -

Al l devic es - For all ~ypes of hardcopy devices (film, paper, 
etc.), the f orm o f input (i.e. video and /or digital input 
s ignals ) should b e listed . A diagram illust~at<ing the optical 
path indicating the pos i-tions of all major op,t'ical, 
mechanical and electronic components should be provided. The 
means for adjusting the gr,ey 'scale of the i mage (ganuna 
c orrections ) s hould be described. Any internal calibration 
test patterns should be discussed. If an int eqra l hardcopy 
medi um processor is provided i t should be described. The 
met hod for handling the hardcopy medium (e.g. cassette) 
should als o be discussed. 

Mult iformat c ameras - For multiformat cameras , t he video 
monitor shoul d be described, and the manufac turer should 
s t ate i f raster line suppression or image contrast inve rsion 
are provided . The number of lenses used and the mechanism 
(opt i cal, mechanical o r electronic) used to advance to the 
next position should be discus sed. 
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Laser printers - For laser prin ers, the type of laser (e . g. 
HeNe, solid s t ate ) hould e stated and the sensit! i ty of 
the hardcopy medi um r lativ e t the wavelength of the laser 
should be discussed. The methods of adulating t he laser and 
scann i n g the beam over the hardcopy medi um should be 
descri d. 

d . Specification: 

141007 

The following specifications should be included for specific t ypes 
of PACS-related devices . If the S lO(k) is for a comple te sys em, 
s pecifications s hould be submitted for each dev ice i n the .system. 

i. Image digitize~ s 

Video to digital - compat ible v i deo s i gnals ( lines /f rame , 
fr ames / sec , pro gressive or inte r a c ed), digita l s ampling _a e 
and bit dep th 

i tizers - film s ize, ma trix si~e and bie de th, 
s-p-a~t-i~a~l~'re s olu tion, t im ~ t o scan an image (spec ify matrix 
s i ze ) . For laser digitizers, l aser spot . size and power. 

ii. COnID) n icat io s and s torage equipme nt -

Commu nic ations egu i men! - its/sec and t ime to transmit an 
image ( specify matrix s i ze and bit depth) 

Video r eco rde rs - compatible v ideo signal s l i nes /frame, 
fr ames / sec , progress ive or interlac e d), bandwidth , tape size 
and speed , signal-to - no ise ratio a nd total recording time 

Digita l stor age devices - to t a l number of bits, ima ge matri x 
sizes r bit dept~ and number o f images 

iii . Workstations -

ideo monitors ~ compatible video signals ( lines/frame , 
frame s /sec r progressive or interlaced ) , hori~9ntal resolution 
or b andwidth, aspect rat io and screen size 

( -
Image processing ha rdware ~ c lock rate and number of 
bits/word, time to perfoL~ major s o ftware operation s such as 
tomographic image recons t ruction , multiplanar recons t ruct ion 
and 3 d imensional rendering 

Digital stor~ge devices - tota l number of bits , image matr i x 
sizes , b it depth and number o f images ( spec ify matr ix size ) 

i v . Hardcopy d e vices -

All types - compatible d igital input (matrix si ze and bit 
depth), compatible video input ( l ines / frame, frames /sec , 
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progressiv or interlaced), hardcopy image sizes and formats 

Mul tiformat amera s - moni or vert.ical a horizontal 
resolution or andwidth, a spect atio and scree n size 

Laser inters - atrix s ' ze, bit depth, patial resolu ion, 
la s er-- spot size and power, i me to produce an image (state 
matrix s'ze) 

3.3 Laboratory Tests 

The folIo ing l a bor atory tests shoul be c o nduc t d for s p ecific 
o PAC -related evi ces . Manufac urers should incl de a b ief 
description 0_ thei r ~est m thods a nd r suIts in the SlO(k). If 
SlO(k} is or a complet s y s e m, t e st me ods and resu ts ~houl 
submitted for each device il t he system. 

a. Image digi 1z rs -

y es 

the 
be 

For devices which claim new or significantLy improved digit'zing 
hardwa re , the optical density (00) to grey l e vel tranfer curv , 
uniformity (local standa d d v iation o f aD VB. OD and spatial 
frequency respo nse (modulat ion t -ans fer func t i on ) 

b. C ~municat ions a nd t o r age devices -

(4j 008 

For d evices wh i ch utilize c ompression e chniques which resul n a 
loss 0 -· im~ge rata , the normal i zed mea n s uar e error of the 
compressed i mage r e lat i ve 0 th origina l . 

When pro v idin labora 0 y t e st data fo r a lossy compress ion s~heme 
a manufac urer may subst i tute an alternative measure of 
information loss for normalized mean squaie error, if a 
descriptio n a d jus tifica ti n a re pro v ided . 

For d e vices hich utilize standard l o s s y compression tech niques, 
such a s Disc re e Cosine Transform DC ) labora ory data is not 
requi ed. 

c. Hardcopy dev ' ces -

For devic es which c l aim new or s igni ficantli improve hardwa r e to 
produc e the image, the grey l evel ' t aD tranfer curve, uniformity 
( local standard devi ation of OD vs. aD) and spatial f -eque ncy 
response (modulation transfer funct i on ). 

3.4 Subs t a n ially Equivalen (SE) Devices 

a . Manufacturer and tradenruue of SE devices 

All SE devic e s mu s have approved 510(k) no t i fications or be 
pre-amendments devices. Pre-Amendments devices should be 
ident ified. Document cont rol numbers shou ld be provided for 
post-Amendment s dev ices if t he c ontr o l number s are available . 
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b. Promotio n 1 mat ria a nd s peci ' cations f or SE devices 
(see sectlor 2.2(e) ab vel 

Page 8 

c . Tabu lar compari s on of ea tures a nd spec'fications of the evice 
and SE ev i ces 

I4J 009 

3 . 5 Label i ng 

a. Pr mo . i o na l ma ter ia ( d r aft a e a c cep tablel 

Promot i onal ma terial for dev i _es whic h utilize 1 ssy c mpr e s s ion 
shall c l e a r l y st t e t he eomp e s i an ratio ' r vided . 

b. ser' s ma nual(s ( d r a. t a e a cce ptab l e ) in lu i n g: 

c . 

i. Any special intended uses (e . . c a rdia' c . h l~b) 

ii. Cautions and warnings (radiation, laser, electrical, etc.) 

iii. Applie - b i e spec i f i c' ons l is ed in s e c tion 2 . 2 e ) a bove 

i v. Opera t ing ins t ruct i ons 

These s hou l d describe a n los s of i n formation associa t e d with 
i mage proces s ing functions (filters) or ima ge d ata 
c ompre$ sion o pe ration . 

Dev ices whi c h uti ize lossy _ omp~e~s ion s ha l l b p rovi ded 
with ins .ruct i ons whic h expla in the e ffects of lossy 
compreSSion, and inc i de xamples of the effect s o f 
information los 0 image quali t y. 

v . Qual i t y assurance p r o .ed res 

Bui l t- in component diagnost ics , test a ter , or rec ommended 
proce ures 

Imag "s 

Vi deo and hard c o py i a ges w i ch have been ub j e ted to lossy 
compression s hall be provided wi t h ~ pLi nted me s a ge sta ting that 
lossy compression h a s een app l i e d , and the approximate 
c ompres s ion rat i o . 

3.6 Software Informatio n 

a . A list a nd brief descr i p tion of he func tio s per fo rmed by the 
software 

b. A d e scription o f the manu fac urer ' s so f ware developme n t method s 

This s hould include a list or diagra m of the s t eps in t he 
deve lopment of the software and t he departments res ponsible for 
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e a c h s t ep. Procedu es for contr ol ling the software version dur ing 
deve lopment a d after r e lea se s hould be addresse d. 

c . A list 0 hazards related to the fu ct i n performe by he 
so ftwar , a mea s ' a en to mi igate t hese haza d 

~010 

Such hazards ay incl de loss or corrup ion of ima ge data, patient 
10 , o r information d seri 'ng he e ~nina tion. 

d. A descrip io of e softwa re e t p oc dur e s 

e. A c e t ificat ioI by r es onsib e 'c mpa ny offic i al t hat the 
s o f t ware i forma ' on p r ovided in this n ti f i c atio, i c o rrec I and 
that the same proce dures wi 1 be us ed G re test and eva lida ' e the 
softwa r e wh n i~ i s _avis d . 

3.7 Safety and ~ffec iveness In orm- i on 

The Safe Medical Devic Act of 1990 (SMDA) requ s all perso n s 
submi t ting a premarket notif i cation t o i nclude -eit er. 

( 1 ) a s ummar of t he safe ,an e factivenes s in..ormat.l.on in the 
p r emarket notification subm 'ssion pon wh "ch an equiv l ence 
determinat ion could e a sed ( Sl O(k) summary r or 

( 2) a st a t,e mellt tha the saf ty a nd effectiven s s ~n ormatio upon 
which a n equiva ce e termination could based w be made 
avai lable 0 i teres ted p rsons pon r _qu t (5 10(k ) state en ). 

Safety and e fte i vene s s i n forn.a ion efer a 1 forma _ion in the 
notif i~at ion, i cluding a r s e s afe t and eff_c iveness info~~ ion, 
that i~ re levant to an assessment ,of ubs tantial equiva enc e . The 
information could be descrip t ive i.nf rmation about t new nd 

' pred ic a te dev ice(s), or per ormanc e or clin"cal testin info nation. 

Note : 

The SMDA a llows the manufacturer 0 s bmit a Sl O( k) 
premarket n otificati o n , or a S10( ) statement which ~f. 
~afety a d e ffectiveQess i n imation will be submitted 

with the 
that the 
request. 

If the SlO(k ) eta eme nt ' s su i tte<t, the war lng m st f ollow t ha t r 

given abo ve. A sta tement which reads "a s-ymma.£Y o f e safety and 
effe c t i vene s s i nformation w~ll be made a vai l able " is not a cceptab l e . 


