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MEDICAL ELECTRICAL EQUIPMENT –  

 
Part 4-1 :  Guidance and  in terpretation  –  

Medical  electrical  equipment and  medical   
electrical  systems employing  a  degree of autonomy 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  comm i ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

The main  task of I EC techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC 60601 -4-1 ,  wh ich  i s  a  techn ica l  report,  has  been  prepared  by a  J oin t  Working  Group  of 
I EC subcommittee  62A:  Common  aspects  of e l ectrica l  equ ipment used  i n  med ical  practice,  of 
I EC techn ical  committee  62:  E lectrical  equ ipment i n  med ica l  practice,  and  I SO  techn ical  
comm ittee  299:  Robotics.  

The  text of th is  techn ica l  report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

62A/1 099/DTR 62A/1 1 29A/RVDTR 
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Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ical  report can  be  found  in  the  
report on  voti ng  i nd icated  i n  the  above tab le.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

I n  th is  techn ical  report,  the  fo l lowing  pri n t  types  are  used :  

– recommendations  and  defin i ti ons:  roman  type.  

– test instructions:  italic type.  

– i n formative  material  appeari ng  ou ts ide  of tabl es,  such  as  notes,  examples  and  references:  i n  smal l er type.  

Normative  text  of tabl es  i s  a l so  i n  a  smal l er type.  

– TERMS  DEFI NED  I N  CLAUSE  3  OF TH IS  TECHNICAL REPORT OR AS  NOTED :  SMALL CAPITALS .  

A l i s t  of a l l  parts  of the  I EC  60601  series ,  publ ished  under the  general  t i t l e  Medical electrical 
equipment,  can  be  found  on  the  I EC  websi te.  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  related  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page of th is  publ ication  i ndicates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour prin ter.  
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INTRODUCTION  

This  Techn ica l  Report i s  the  resu l t of work that began  i n  I SO/TC 1 84/SC  2 /WG  7  i n  October 
2006  on  personal  care  ROBOTS ,  to  address  an  emerg ing  type  of ROBOT  that was  used  ou ts ide  
of an  i ndustria l  environment.  That g roup was  working  on  a  new standard ,  I SO  1 3482,  wh ich  
was  publ ished  as  an  I n ternational  Standard  ( I S)  i n  201 4.  Whi le  in i ti a l l y focused  on  non-
med ical  appl ications,  WG  7  recogn ized  that work was  l i ke l y to  be  needed  on  med ical  devices  
u ti l i zi ng  robotic  technology.  I n  September 2009,  I SO/TC 1 84/SC 2  establ ished  a  WG  7,  Study 
Group (SG)  on Medical care robots,  comprised  of experts  from  Canada,  France,  Germany,  

Japan ,  Korea,  Roman ia,  Swi tzerland ,  UK and  USA.  

The  work of I SO/TC 1 84/SC 2 /WG  7  1  SG  cumu lated  i n  a  proposal  to  form  a  Join t Working  
Group  wi th  I EC/SC 62A to  develop  general  requ i rements  and  gu idance re lated  to  the  SAFETY  
of MEDICAL ELECTRICAL EQU IPMENT  and  MEDICAL  ELECTRICAL SYSTEMS  that u ti l i ze  robotic 
technology.  The  work wou ld  i nclude  med ica l  appl ications  ( includ ing  a ids  for the  d isabled)  
covering  i nvas ive  and  non- invas ive  procedures  such  as  surgery,  rehabi l i tation  therapy,  
imag ing  and  other ROBOTS  for med ica l  d iagnosis  and  treatment.  The  proposal  was  approved ,  
resu l ting  i n  the  formation  of Jo in t Working  Group  (JWG)  9  (Medical electrical equipment and 
systems using robotic technology)  and  the  fi rst  meeting  was  held  i n  Los  Angeles  i n  J une  

201 1 .  

JWG  9  exam ined  the  defin i ti on  of a  ROBOT  from  ISO  8373: 201 2  (wh ich  was  l ater mod i fied  to  a  
“programmed  actuated  mechan ism  wi th  a  DEGREE  OF  AUTONOMY (DOA) ,  moving  wi th in  i ts  
environment,  to  perform  i n tended  TASKS” )  and  AUTONOMY  ( the  “abi l i ty to  perform  in tended  
TASKS  based  on  curren t s tate  and  sens ing ,  wi thout human  i n tervention”).  I t  was  recogn ized  by 
JWG  9  that these  defin i tions  cou ld  need  further refi nement to  establ i sh  the  appropriate  
boundaries  for fu ture  standard isation  work.  AUTONOMY  and  DEGREE  OF  AUTONOMY  (DOA)  were  
fel t to  be  key i ngred ien ts  i n  d istingu ish ing  a  “MEDICAL ROBOT”  from  other types  of MEDICAL 
ELECTRICAL EQU IPMENT  and  MEDICAL ELECTRICAL SYSTEMs.  

However,  JWG  9  came to  real i ze  that there  are  curren tl y standard ized  MEDICAL ELECTRICAL 
EQU IPMENT  and  MEDICAL ELECTRICAL SYSTEMS  that exh ib i t a  DOA.  Therefore,  DOA  by i tsel f i s  not  
a  un ique  characteristic of a  MEDICAL ROBOT .  Th is  can  be  stated  more  clearl y as  fol lows:  

– not a l l  MEDICAL ELECTRICAL EQU IPMENT  and  MEDICAL ELECTRICAL SYSTEMS  that exh ib i t a  DOA  
are  MEDICAL ROBOTS ;  bu t  

– a l l  MEDICAL ROBOTS  exh ib i t  a  DOA.  

Hence a  MEDICAL ROBOT  can  be  a  MEDICAL ELECTRICAL EQUIPMENT  or part of a  MEDICAL  
ELECTRICAL SYSTEM ,  bu t  not  a l l  MEDICAL ELECTRICAL  EQU IPMENT  are  MEDICAL ROBOTS .   

NOTE  The  majori ty of exi sti ng  MEDICAL  ELECTRICAL  EQU I PMENT  a re  not  consi dered  as  MEDICAL  ROBOTs.  

The MANUFACTURER  s tates  clearl y the  type  of MEDICAL ELECTRICAL EQU IPMENT  and  MEDICAL  
ELECTRICAL SYSTEM  through  the  I NTENDED  USE  of the ir product.  For th is  I NTENDED  USE ,  a  
defin i tion  of MEDICAL ROBOT  wou ld  be  he lpfu l  to  have  a  common  understand ing  i f th is  MEDICAL  
ELECTRICAL EQU IPMENT  or MEDICAL ELECTRICAL SYSTEM  can  be  tagged  as  a  MEDICAL  ROBOT  
equ ipment or MEDICAL ROBOT  system .  The  defin i tion  of MEDICAL ROBOT  i s  therefore  helpfu l  to  
d istingu ish  i f the  MEDICAL ELECTRICAL EQU IPMENT  or MEDICAL ELECTRICAL SYSTEM  i s  a  MEDICAL 
ROBOT  and  the  I NTENDED USE  as  i nd icated  by the  MANUFACTURER .  Th is  d istinction  is  clari fied  in  
Annex A.  

DOA  i s  normal l y cons idered  for adoption  i n to  MEDICAL ELECTRICAL EQU IPMENT  and  MEDICAL 
ELECTRICAL SYSTEMS  for the  fo l lowing  reasons:  

– DOA  cou ld  g i ve  benefi ts  to  CLIN I CAL FUNCTION  ou tcomes;  

___________ 

1 )  I SO  TC 1 84/SC 2  was  reformed  to  I SO  TC 299  i n  J anuary 201 6.  
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– DOA  cou ld  g i ve  econom ic va lue  to  MEDICAL ELECTRICAL EQUIPMENT ;  

– DOA  cou ld  improve  the  cons istency of med ical  procedures;  

– DOA  cou ld  hand le  more  complex data;  

– DOA  cou ld  l ead  to  faster reaction  times;  

– DOA  cou ld  optim ise  med ical  procedure  times  or duration ;  

– DOA cou ld  make i t  easier to  i n tegrate  MEDICAL ELECTRICAL SYSTEMS ;  

– DOA cou ld  decrease  the  overal l  l evel  of  RI SK;  and  

– DOA cou ld  change the  ro le  of an  OPERATOR  to  a  more  supervisory than  acti ve  (hands  on)  
function .  

I n  order to  progress  the  work of JWG  9,  i t  was  agreed  to  focus  on  the  I EC 60601 -1  standard  
fam i l y and  see  how speci fic clauses  cou ld  be  extended  to  cover the  add i ti onal  DOA  i ssues  i n  a  
poss ib le  new Techn ical  Report once  fu l l y developed .  JWG  9  l ooked  at existi ng  MEDICAL 
ELECTRICAL EQU IPMENT  and  MEDICAL ELECTRICAL SYSTEMS  that had  characteristics  of a  ROBOT  
based  on  the  defin i ti on ,  and  i nvestigated  the  su i tabi l i ty of the  existi ng  standards  to  address  
the  HAZARDS  associated  wi th  their use.  As  a  resu l t of th is  i nvestigation ,  i t  was  acknowledged  
that  I EC  60601  (a l l  parts),  I SO  1 4971 ,  I EC  62366-1  and  I EC  62304  provide  appropriate  
general  requ i rements  and  gu idance  on  how to  address  the  HAZARDS ;  however,  emerg ing  
functional i ty associated  wi th  i ncreased  DOA  on  MEDICAL ELECTRICAL  EQUI PMENT  and  MEDICAL  
ELECTRICAL SYSTEMS ,  whether a  ROBOT  or not,  cou ld  resu l t i n  s i tuations  where  BASIC SAFETY  
and  ESSENTIAL PERFORMANCE  are  considered  again  by the  MANUFACTURER .  

Current MEDICAL ELECTRICAL EQU IPMENT  s tandards  do  not fu l l y address  h igher DOA  modes  of 
operation ,  and  th is  document i s  i n tended  to  provide  gu idance  for MANUFACTURERS  and  others  
i n  th is  fi e l d  on  how DOA  cou ld  be  i n troduced  in to  MEDICAL ELECTRICAL EQU I PMENT  and  MEDICAL  
ELECTRICAL SYSTEMS .  I ncorporation  of h igher l evels  of AUTONOMY  i n  MEDICAL ELECTRICAL 
EQUIPMENT  and  MEDICAL ELECTRICAL SYSTEMS  i s  sti l l  new and  rapid l y evolving ,  and  at the  time 
of wri ti ng  th is  document does  not  l end  i tsel f to  general  s tandard ization .  

The  importance  of understand ing  DOA  can  be  i l l ustrated  by exam in ing  i ts  effects  in  other 
i ndustries.  The  a i rl ine  i ndustry is  one  example  i n  wh ich  increas ing  DOA  has  often  been  
implemented  as  a  RISK CONTROL  measure.  However,  there  are  numerous  examples  i n  the  
a i rl i ne  i ndustry i n  wh ich  i ncreased  DOA  was  found  to  have  been  a  major con tribu tor to  a  fatal  
accident  [70] . 2  To  avoid  s im i l ar m istakes  i n  the  fi el d  of MEDICAL ELECTRICAL EQU IPMENT  and  
MEDICAL ELECTRICAL SYSTEMS ,  MANUFACTURERS  l earn  from  these  other fi el ds  and  not on l y 
characterize  DOA  bu t  a lso  understand  i ts  poten tia l  for un in tentional l y i ncreasing  RISK.  

I t  i s  importan t to  poin t  ou t that th is  I EC document i s  an  i n formative  document as  are  a l l  I EC  
Techn ica l  Reports  ( I SO/IEC  Gu ide  2  [61 ] ) .  The  concept and  approach  stated  in  the  STATE  OF  
THE  ART are  not i n tended  to  be  addressed  th rough  th is  i n formative  document.  Th is  document 
i s  not used  as  a  normative  requ i rement as  per the  claimed  STATE  OF  THE  ART by any coun try or 
communi ty.  Th is  document i s  an  in formative document,  wh ich  i s  in tended  to  provide  existi ng  
and  fu ture  des igners  of MEDICAL ELECTRICAL EQU I PMENT  or MEDICAL ELECTRICAL SYSTEMS  some 
gu idance and  d i rection  concern ing  the  adoption  of DOA.  Th is  document i s  not appl icable  as  a  
base  for a  testing  procedure  or wri ti ng  a  test protocol  template.  

 

  

___________ 

2  Numbers  i n  square  brackets  refer to  the  b ib l i og raphy.  
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MEDICAL ELECTRICAL EQUIPMENT –  
 

Part 4-1 :  Guidance and  in terpretation  –  
Medical  electrical  equipment and  medical   

electrical  systems employing  a  degree of autonomy 
 
 
 

1  Scope 

This  Part  of I EC 60601  i s  i n tended  to  he lp  a  MANUFACTURER  th rough  the  key decis ions  and  
steps  to  be  taken  to  perform  a  deta i l ed  RISK MANAGEMENT and  USABI LI TY ENGINEERING  
PROCESSES  for MEDICAL ELECTRICAL EQU IPMENT  or a  MEDICAL ELECTRICAL  SYSTEM ,  hereafter 
referred  to  as  MEE  or MES ,  employing  a  DEGREE  OF  AUTONOMY (DOA) .  

Th is  document provides  a  defin i tion  of DOA  of MEE  or  MES  and  a  MEDICAL ROBOT ,  and  a lso  
provides  gu idance  on :  

– methodolog ies  to  perform  the  RISK MANAGEMENT PROCESS  and  USABILITY ENGINEERING  for an  
MEE  or MES  wi th  a  DOA;  

–  cons iderations  of BASIC SAFETY  and  ESSENTIAL PERFORMANCE  for an  MEE  and  MES  wi th  a  
DOA;  and  

– i denti fying  the  use  of DOA,  and  s im i lar concepts  i n  existing  I SO/IEC standards  deal i ng  wi th  
MEE  or MES  wi th  the  goal  to  faci l i tate  a l ignment of standards  by cons istent use  of the  
concept of DOA;  and  

– d isti ngu ish ing  between  MEDICAL ROBOTS ,  and  other MEE  and  MES .  

Un less  speci fied  otherwi se,  th is  document cons iders  MEE  and  MES  together.  

The  MANUFACTURER  of an  MEE  or MES  wi th  a  DOA  i s  expected  to  design  and  manufacture  an  
MEE  or MES  that fu l fi l s  i ts  I NTENDED USE  and  does  not have  unacceptable  RISK  th roughout i ts  
LI FE-CYCLE .  

Th is  document provides  gu idance  to  help  the  MANUFACTURER  i n  complying  wi th  the  
requ i rements  of I EC  60601 -1 : 2005  and  I EC  60601 -1 : 2005/AMD1 :201 2  for MEE  and  MES  wi th  
DOA.  The  document  i s  a lso  i n tended  as  gu idance  for fu ture  standard  wri ters .  

There  are  no  prerequ is i tes  to  th is  document.  

2  Normati ve references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60601 -1 : 2005,  Medical electrical equipment – Part 1 :  General requirements for basic 
safety and essential performance  

I EC 60601 -1 : 2005/AMD1 :201 2  3  

___________ 

3 There  exi sts  a  consol i dated  ed i ti on  3 . 1 ,  i ncl ud i ng  I EC 60601 -1 : 2005  and  i ts  Amendment 1 : 201 2.  

International  Electrotechnical  Commission

 



 – 1 0  – I EC TR 60601 -4-1 : 201 7    I EC  201 7  

IEC 62304: 2006,  Medical device  software – Software life cycle processes  

I EC  62304: 2006/AMD1 : 201 5  4  

I EC  62366-1 : 201 5,  Medical devices – Part 1 :  Application of usability engineering to medical 
devices 

I EC 80001 -1 : 201 0,  Application of risk management for IT-networks incorporating medical 
devices – Part 1 :  Roles,  responsibilities and activities 

I SO  1 4971 : 2007,  Medical devices – Application of risk management to medical devices 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia. org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp.  

3. 1   
APPLIED  PART  
part of MEE  that i n  normal  use  necessari l y comes  in to  phys ical  con tact wi th  the  PATIENT  for 
MEE  or an  MES  to  perform  i ts  function  

Note  1  to  en try:  See  F igure  3 ,  F i gure  4  and  F i gu re  A. 1  to  F i gure  A. 7  ( i ncl us i ve)  [of I EC 60601 -1 : 2005] .  

Note  2  to  en try:  See  a l so  4 . 6  [of I EC 60601 -1 /AMD1 : 201 2]  regard i ng  the  treatment of parts  that  d o  not  fa l l  wi th i n  
the  defi n i ti on  of APPLI ED  PARTS  bu t  need  to  be  treated  as  APPLI ED  PARTS  as  a  resu l t  of applying  the  RISK 
MANAGEMENT  PROCESS .  

Note  3  to  en try:  See  a l so  3. 78  [of I EC 60601 -1 : 2005]  for the  defi n i ti on  of the  associated  term  “PATIENT  
CONNECTION ” .  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 8]  

3.2   
AUTOMATIC  
referring  to  capabi l i ti es  that,  under speci fi ed  cond i ti ons,  function  wi thout OPERATOR  
i n terven tion  

Note  1  to  en try:  Some,  bu t  not  a l l  MEE  and  MES  h ave  functi ons  wi th  certain  DOA  s tated  as  AUTOMATIC .  Because  of 
possib le  confusion ,  i t  i s  recommended  that  the  term  AUTOMATIC  n ot  be  used  when  referri ng  to  DOA  of MEE  or  M ES .  

Note  2  to  en try:  Defi n i ti on  deri ved  from  I EC 62443-3-3: 201 3,  3 . 1 . 7 .  

3.3   
AUTONOMOUS  
having  fu l l  AUTONOMY  

Note  1  to  en try:  The  term  AUTONOMOUS  i n  common  l anguage  has  been  used  to  i n d icate  ‘ havi ng  h i gh  DOA’  wi thou t 
speci fying  what  d egree  i s  ‘ h i gh ’ .  I t  i s  recommended  that  the  term  AUTONOMOUS  be  used  carefu l l y.  

Note  2  to  en try:  Th i s  defi n i ti on  of the  term  AUTONOMOUS  was  devel oped  taki ng  i n to  account  the  defi n i ti on  i n  
I EC TR 61 850-90-7: 201 3,  3 . 1 .  The  rationale  for the  mod i fi cation  i s  g i ven  i n  Cl ause  A. 2.  

___________ 

4 There  exi sts  a  consol i dated  ed i ti on  1 . 1 ,  i ncl ud i ng  I EC 62304: 2006  and  i ts  Amendment 1 : 201 5.  
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3.4  
AUTONOMY  
capaci ty to  MONITOR,  GENERATE ,  SELECT  and  EXECUTE  to  perform  a  CLIN ICAL FUNCTION  wi th  no  
or l im i ted  OPERATOR  i n terven tion  

Note  1  to  en try:  The  term  AUTONOMY  i n  common  l anguage  has  been  used  to  i nd icate  ‘ nu l l  DOA ’  or ‘ fu l l  DOA ’  wi thou t  
a l l owing  i n termed iate  capabi l i ty.  I t  i s  recommended  that  the  term  AUTONOMY  be  used  carefu l l y,  and  whenever 
possib le,  to  use  the  term  DOA i nstead .  

Note  2  to  en try:  The  terms  ‘nu l l  (no,  zero)  AUTONOMY ’  and  ‘ fu l l  AUTONOMY’  can  be  used  to  mean  ‘ nu l l  DOA ’  and  ‘ fu l l  
DOA ’  wi thout  confusion .  

Note  3  to  en try:  Th i s  d efi n i t i on  of the  term  AUTONOMY  was  deve loped  taking  i n to  account  the  defi n i ti on  i n  
I SO  8373: 201 2,  2 . 2 .  The  rationale  for the  mod i fi cation  i s  g i ven  i n  Cl ause  A. 2.  

3.5   
BASIC  SAFETY  
freedom  from  unacceptable  RISK  d i rectl y caused  by physica l  HAZARDS  when  MEE  i s  used  under 
NORMAL CONDITION  and  SINGLE  FAULT CONDITION  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 1 0]  

3.6   
CLIN ICAL FUNCTION  
med ical  operation  that  the  MEE  or MES  i s  i n tended  to  perform  

Note  1  to  en try:  CLI N ICAL  FUNCTION  i s  genera l l y  a  subset  of the  I N TENDED  USE  of the  MEE  or  MES  re l ated  to  the  
PATIENT .  

3.7   
DEGREE OF  AUTONOMY  
DOA  
taxonomy based  on  the  properties  and  capabi l i ti es  of the  MEE  or MES  related  to  AUTONOMY  

3.8   
ESSENTIAL PERFORMANCE  
performance of a  CLI N ICAL FUNCTION ,  other than  that related  to  BASIC SAFETY,  where  l oss  or 
degradation  beyond  the  l im i ts  speci fi ed  by the  MANUFACTURER  resu l ts  i n  an  unacceptable  RISK  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 27,  mod i fied  – Note  deleted ]  

3.9   
EXECUTE ,  verb  

carry ou t the  selected  OPTION  

Note  1  to  en try:  Derived  from  Kaber and  Ends ley
 
[70] ,  wh ich  ori g i na l l y used  ‘ implementi ng ’  i nstead  of EXECUTE .  

3. 1 0   
EXPECTED SERVICE  LIFE  
time period  speci fi ed  by the  MANUFACTURER  d uring  wh ich  the  ME EQUIPMENT  or ME  SYSTEM  i s  
expected  to  remain  safe  for use  ( i . e .  main tain  BASIC SAFETY  and  ESSENTIAL  PERFORMANCE)  

Note  1  to  en try:  Ma in tenance  can  be  necessary d u ri ng  the  EXPECTED  SERVICE  LI FE .  

[SOURCE:  I EC 60601 -1 /AMD1 : 201 2 ,  3. 28]  

3. 1 1   
GENERATE ,  verb  
to  formu late  possib le  OPTIONS ,  based  on  the  resu l t  of the  MONITOR TASK,  for ach ieving  
predefined  goals  
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Note  1  to  en try:  Deri ved  from  Kaber and  Endsl ey
 
[70] ,  wh ich  defi ned  the  term  as  ' formu lati ng  options  or TASK  

s trateg i es  for ach ieving  goal s ' .  

3. 1 2   
HARM  
physical  i n j ury or damage to  the  heal th  of people  or an imals ,  or damage  to  property or the  
environment 

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 38]  

3. 1 3   
HAZARD  

poten tial  source  of HARM  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 39]  

3. 1 4   
HAZARDOUS  SITUATION  
ci rcumstance  i n  wh ich  people,  property,  or the  envi ronment are  exposed  to  one  or more  
HAZARD(S)  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3 . 40]  

3. 1 5   
INTENDED USE  
use  for wh ich  a  product,  PROCESS  or service  i s  i n tended  accord ing  to  the  speci fications,  
i nstructions  and  i n formation  provided  by the  MANUFACTURER  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2 ,  3 . 44,  mod i fied  – Deletion  of the  term  " I NTENDED  
PURPOSE" . ]  

3. 1 6   
LIFE-CYCLE  
a l l  phases  in  the  l i fe  of a  MEE  or  MES ,  from  the  in i ti al  conception  to  fi nal  decommission ing  and  
d isposal  

[SOURCE:  I SO 1 4971 : 2007,  2 . 7 ,  mod i fied  – "Med ical  device"  replaced  by "MEE  or MES " . ]  

3. 1 7   
MANUFACTURER  
natura l  or legal  person  wi th  responsib i l i ty for the  design ,  manufacture,  packag ing ,  or label l i ng  
of MEE ,  assembl ing  an  MES ,  or adapting  MEE  or an  MES ,  regard less  of whether these  
operations  are  performed  by that person  or on  that person 's  behal f by a  th i rd  party 

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2 ,  3. 55]  

3. 1 8   
MEDICAL ELECTRICAL EQUIPMENT  
MEE  
electrical  equ ipment having  an  APPLIED PART  or transferring  energy to  or from  the  PATIENT  or 
detecting  such  energy transfer to  or from  the  PATIENT  and  wh ich  i s :  

a)  provided  wi th  not more  than  one  connection  to  a  particu lar SUPPLY MAINS ;  and  

b)  i n tended  by i ts  MANUFACTURER  to  be  used :  

1 )  i n  the  d iagnosis ,  treatment,  or mon i toring  of a  PATIENT;  or 

2)  for compensation  or a l leviation  of d isease,  i n j ury or d isabi l i ty  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 63,  mod i fied  – Notes  deleted . ]  
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3. 1 9   
MEDICAL ELECTRICAL SYSTEM  
MES  
combination ,  as  speci fi ed  by i ts  MANUFACTURER,  of i tems  of equ ipment,  at  l east one  of wh ich  
i s  MEE  to  be  i n ter-connected  by functional  connection  or by use  of a  mu l ti p le  socket-ou tlet  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 64,  mod i fied  – Note  deleted . ]  

3.20   
MEDICAL ROBOT  
ROBOT  i n tended  to  be  used  as  MEE  or MES  

3.21   
MISUSE  

use  of MEE  or an  MES  not  i n tended  by the  MANUFACTURER  

Note  1  to  en try:  I ncl udes  reasonably foreseeable  MISUSE  and  not  foreseeable  MI SUSE .  

3.22   
MOBILE  
term  referring  to  TRANSPORTABLE  equ ipment that,  once  i nstal led  and  p laced  i n to  service,  i s  
i n tended  to  be  moved  from  one  location  to  another wh i le  supported  by i ts  own  wheels  or 
equ ivalent means  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 65,  mod i fied  – Note  deleted . ]  

3.23   
MONITOR,  verb  
to  col lect and  i n terpret necessary i n formation  to  perceive  the  status  of MEE  or MES ,  PATIENT,  
OPERATOR,  or environment 

Note  1  to  en try:  Deri ved  from  Kaber and  Endsl ey
 
[70] ,  wh ich  defi ned  the  term  as  'wh i ch  i ncl udes  taking  i n  a l l  

i n formation  re l evant  to  perceivi ng  system  status  (e. g .  scann ing  vi sual  d i spl ays) ' .  

3.24  
NORMAL CONDITION  

cond i ti on  i n  wh ich  a l l  means  provided  for protection  against HAZARDS  are  i n tact  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 70]  

3.25   
OPERATOR  

person  hand l ing  equ ipment  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 73,  mod i fied  – Note  deleted . ]  

3.26   
OPTION  

TASK  s trategy able  to  ach ieve  the  des ired  CLIN I CAL FUNCTION  

3.27   
PATIENT  

l i ving  being  (person  or an imal )  undergoing  a  med ica l ,  surg ical  or den ta l  procedure  

Note  1  to  en try:  A PATIENT  can  be  an  OPERATOR .  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 76]  

International  Electrotechnical  Commission

 



 – 1 4  – I EC TR 60601 -4-1 : 201 7    I EC  201 7  

3.28   
PHYSIOLOGIC  CLOSED-LOOP CONTROLLER  
element of a  physiolog ic  closed- loop  con trol  system  in  wh ich  a  feedback variable  i s  compared  
wi th  a  reference variable,  and  the ir d i fference  i s  transformed  to  set the  con trol ler ou tput  
variable  

[SOURCE:  I EC 60601 -1 -1 0 : 2007,  3 . 20,  mod i fied  – Defin i tion  s impl i fied  to  remove variable  
notation  and  i n formative  reference  to  F igure  1  of I EC  60601 -1 -1 0: 2007. ]  

3.29   
PHYSIOLOGIC  VARIABLE  
quanti ty or cond i ti on  from  a  PATIENT  whose  va lue  is  subj ect to  change and  can  usual l y be  
measured  

[SOURCE:  I EC 60601 -1 -1 0 : 2007,  3 . 21 ,  mod i fied  – Note  de leted ]  

3.30   
PROCESS  

set of i n terrelated  or i n teracti ng  acti vi ti es  wh ich  transform  i npu ts  i n to  ou tpu ts  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 89]  

3.31   
PROCESS STANDARD  
standard  that establ ishes  a  framework wi th in  wh ich  the  MANUFACTURER  i s  ab le  to  design  and  
develop  MEE  or MES  of consisten t SAFETY  and  effecti veness  

Note  1  to  en try:  Defi n i ti on  mod i fi ed  from  I SO/IEC Gu ide  63: 201 2,  3 . 3 . 2 .  

3.32   
PROGRAMMABLE  ELECTRICAL MEDICAL SYSTEM  
PEMS  

MEE  or an  MES  contain ing  one  or more  PROGRAMMABLE  ELECTRONIC SUBSYSTEMS  (PESS)  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 90]  

3.33   
PROGRAMMABLE  ELECTRONIC  SUBSYSTEM  
PESS  

system  based  on  one  or more  cen tral  process ing  un i ts,  i ncl ud ing  thei r software  and  i n terfaces  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 91 ]  

3.34  
RISK  

combination  of the  probabi l i ty of occurrence  of HARM  and  the  SEVERITY  of that HARM  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2 ,  3. 1 02]  

3.35   
RISK ANALYSIS  
systematic use  of avai l ab le  i n formation  to  i denti fy HAZARDS  and  to  estimate  the  RISK  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2 ,  3 . 1 03]  
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3.36   
RISK ASSESSMENT  
overal l  PROCESS  compris ing  a  RISK ANALYSIS  and  a  RISK EVALUATION  

[SOURCE:  I SO  1 4971 : 2007,  2 . 1 8]  

3.37   
RISK CONTROL  
PROCESS  i n  wh ich  decis ions  are  made and  measures  implemented  by wh ich  RISKS  are  reduced  
to,  or main tained  wi th in ,  speci fied  l evels  

[SOURCE:  I SO 1 4971 : 2007,  2 . 1 9]  

3.38   
RISK EVALUATION  
PROCESS  of comparing  the  estimated  RISK  aga inst g iven  RISK  cri teria  to  determ ine  the  
acceptabi l i ty of the  RISK  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 1 06]  

3.39   
RISK MANAGEMENT  
systematic appl ication  of management pol icies,  PROCEDURES  and  practices  to  the  TASKS  of 
ana l ys ing ,  evaluati ng  and  control l i ng  RISK  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 1 07]  

3.40   
ROBOT  
programmed  actuated  mechan ism  wi th  a  DEGREE  OF  AUTONOMY ,  moving  wi th in  i ts  environment,  
to  perform  i n tended  TASKS  

[SOURCE:  I SO  8373: 201 2,  2 . 6,  mod i fied  (based  on  Stu ttgart J une  201 5  Resolu tion)  – The  
phrase  "actuated  mechan ism  programmable  i n  two  or more  axes"  was  replaced  wi th  
"programmed  actuated  mechan ism". ]  

3.41   
SAFETY  

freedom  from  unacceptable  RISK  

[SOURCE:  I SO 1 4971 : 2007,  2 . 24]  

3.42   
SELECT,  verb  

to  decide  on  a  particu lar OPTION  from  those  GENERATED  

Note  1  to  en try:  Derived  from  Kaber and  Endsley
 
[70] ,  wh ich  defi ned  the  term  as  ' decid i ng  on  a  parti cu lar OPTION  

or s trategy' .  

3.43   
SEVERITY  

measure  of the  poss ib le  consequences  of a  HAZARD  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 1 1 4]  
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3.44  
SINGLE  FAULT CONDITION  
cond i ti on  of MEE  i n  wh ich  a  s ing le  means  for reducing  a  RISK  i s  defecti ve  or a  s ing le  abnormal  
cond i ti on  i s  presen t  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2 ,  3 . 1 1 6,  mod i fied  – Note  deleted . ]  

3.45   
STATE OF THE ART  
developed  stage of techn ical  capabi l i ty at a  g i ven  time as  regards  products,  PROCESSES  and  
services,  based  on  the  re levant  consol idated  find ings  of science,  technology and  experience  

[SOURCE:  I SO/IEC Gu ide  2 : 2004,  1 . 4]  

3.46   
SUPPLY MAINS  

source  of e lectrical  energy not form ing  part  of MEE  or MES  

Note  1  to  en try:  Th i s  a l so  i ncl udes  battery systems  and  converter systems  i n  ambu lances  and  the  l i ke.  

[SOURCE:  I EC 60601 -1 : 2005,  3 . 1 20]  

3.47   
TASK  

a s i ng le  p iece  of work that  needs  to  be  done   

[SOURCE:  I EC 62304: 2006,  3 . 31 ]  

3.48   
TRANSPORTABLE  
term  referring  to  equ ipment that,  once  i nstal l ed  and  put i n to  service,  i s  i n tended  to  be  moved  
from  one  p lace  to  another whether or not connected  to  a  suppl y and  wi thou t an  appreciable  
restriction  of range  

[SOURCE:  I EC 60601 -1 : 2005/AMD1 :201 2,  3. 1 30,  mod i fied  – Note  and  example  de leted . ]  

3.49   
USABILITY  
characteristic of the  user i n terface  that faci l i tates  use  and  thereby establ ishes  effecti veness,  
efficiency and  user satisfaction  in  the  I NTENDED USE  envi ronment 

[SOURCE:  I EC 62366-1 : 201 5,  3 . 1 6,  mod i fied  – Note  de leted . ]  
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3.50   
USABILITY ENGINEERING  
HUMAN  FACTORS  ENGINEERING  
appl ication  of knowledge about human  behaviour,  abi l i ti es,  l im i tations,  and  other 
characteristics  to  the  design  of med ical  devices  ( i nclud ing  software),  systems  and  TASKS  to  
ach ieve  adequate  USABILI TY 

Note  1  to  en try:  Ach i evi ng  adequate  USABI L I TY  can  resu l t  i n  acceptabl e  RISK  re l ated  to  use.  

[SOURCE:  I EC 62366-1 : 201 5,  3 . 1 7 ]  

4 DEGREE OF  AUTONOMY (DOA)  

4.1  In troduction  to  DEGREE  OF  AUTONOMY  

This  cl ause  provides  gu idel i nes  and  examples  (presented  i n  Annex C)  on  how to  classi fy 
AUTONOMY  th rough  the  defin i ti on  of DEGREE  OF  AUTONOMY .  The rationale  for the  defin i ti on  of 
DOA  i s  presented  in  Annex A,  and  the  usage  of DOA  and  s im i l ar terms  in  MEE  and  MES  
s tandards  i s  presented  i n  Annex B.  I n  summary,  the  fo l l owing  are  assumed  to  appl y:  

– the  DOA  can  vary from  low to  h i gh ;  and  

– DOA  can  be  class i fi ed  at  d i fferen t l evels  (e. g .  TASK level ,  CLI N ICAL FUNCTION  l evel ,  MEE  or  
MES  l evel )  depend ing  on  where  and  how i t  i s  implemented  i n  the  MEE  or MES .  

The  methodolog ies  described  i n  Annex C  are  not meant to  be  exhaustive,  bu t to  provide  
examples.  

4.2  Methodology to  determine DEGREE OF  AUTONOMY  

When  AUTONOMY  i s  appl ied  to  fu l fi l  the  I NTENDED USE ,  the  DOA  can  be  exam ined .  

A method  for cl ass i fication  of  DOA  can  be  formu lated .  (Annex C  presents  several  exemplar 
methods. )  The  methods  shou ld  be  based  on  an  approach  where  four generic functions  (or 
TASKS)  are  d is tingu ished ,  wh ich  are:  

a)  MONITORING ,  

b)  GENERATING  OPTIONS ,  

c)  SELECTING  an  OPTION ,  and  

d )  EXECUTING  the  selected  OPTION .  

Each  of these  generic  TASKS  can  employ a  d i fferent DOA.  When  us ing  a  method  for 
cl assi fication ,  the  resu l ti ng  DOA  of the  MEE  or  MES  i s  the  composi ti on  of the  DOA of the  
separate  functions.  

Exemplar methods  of how the  DOA  can  be  classi fi ed  are  presen ted  i n  Annex C  where  C. 1  
presents  a  descripti ve  method  to  characterize  the  varying  DOA,  wh ich  can  then  be  appl ied  i n  
various  anal ys is  strateg ies.  

Annex C  presents  a  b i nary method  of cl ass i fying  d i fferen t DOAs  per generic function ,  where 
each  function  i s  cl assi fied  as  e i ther “OPERATOR”  ( l ow DOA)  or “MEE”  (h igh  DOA)  depend ing  on  
how the  function  is  performed .  Table  C. 2  translates  the  class i fication  of each  function  i n to  an  
overal l  DOA for the  MES .  

Annex C  presents  a  weighti ng  factor-based  method  to  cl assi fy the  DOA  of the  generic  
functions  i n  order to  come to  a  weigh ted  DOA for the  MEE  or MES .  
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4.3  Relationsh ip  between  DOA  and  RISK  

When  perform ing  the  RISK MANAGEMENT PROCESS  accord ing  to  I SO  1 4971 ,  DOA  shou ld  be  
taken  i n to  consideration .  The  DOA  has  no  d i rect corre lation  wi th  l evel  of  RI SK,  bu t i t  can  impact 
the  RISK MANAGEMENT PROCESS .  For example,  the  MEE  or MES  cou ld  accompl ish  an  
AUTONOMOUS  TASK  better (e. g .  safer,  faster,  more  accurate l y)  than  an  OPERATOR.  Al ternative l y,  
an  un in tended  consequence  of i ncreasing  DOA  i s  that i t  m ight  increase  RISK  via  loss  of an  
OPERATOR ’ s  s i tuation  awareness

 
[70] .  For example,  i f an  OPERATOR  i s  requ i red  to  assert 

con trol  over an  MEE  or  MES  when  there  i s  an  error or mal function ,  and  i f there  i s  a  l oss  of 
OPERATOR  s i tuation  awareness,  then  the  OPERATOR  m ight not be  able  to  adequate l y control  
the  s i tuation .  Two pri ncip les  of HAZARDS  rel ated  to  DOA  are  “shared  responsibi l i ty”  between  the  
OPERATOR  and  MEE  or  MES  and  “fa i l u res  of functions”  real i zed  by the  MEE  or  MES  having  DOA.  
Annex D  provides  detai l ed  cons iderations  of the  effects  that DOA  cou ld  have  on  the  RISK 
MANAGEMENT PROCESS  by studying  a  variety of MEE /MES  examples.  

5 PROCESS STANDARDS  supporting  DOA  

5.1  General  

DOA  has  poten tia l  for mod i fying  RISK  or add ing  cl i n ica l  benefi ts  to  the  MEE  or MES .  For an  MEE  
or MES  wi th  a  h igher DOA,  PEMS  i n tegri ty and  performance become more  importan t to  SAFETY,  
depend ing  on  the  possib le  HARM  that can  arise  during  the  execu tion  of the  CLIN ICAL FUNCTION .  

The  fo l l owing  PROCESS  STANDARDS  are  important  for DOA:  

1 )  I SO 1 4971 ;  

2 )  I EC 62366-1 ;  

3)  I EC 62304;  and  

4)  I EC 80001 -1 ,  

and  are  explained  i n  5. 3,  5. 4 ,  5 . 5  and  5. 6 .  The  role  of the  OPERATOR  wi l l  sh i ft  re lated  to  
h is/her TASKS  and  i n teractions  wi th  the  MEE  or the  MES .  Main ta in ing  the  s i tuation  awareness  of 
the  OPERATOR  becomes  more  chal leng ing  i n  the  des ign  of MEE  or MES  wi th  a  h i gher DOA.  The  
OPERATOR  shou ld :  

– be  aware  of poss ible  errors,  a larms  and  fa i l u res  of an  MEE  or MES  wi th  a  h i gher DOA,  

– be  aware  when  i n terven tion  i s  requ ired ,  

– be  able  to  in tervene i n  h igher DOA  actions,  and  

– when  i n terven ing ,  be  able  to  SELECT  and  perform  a  proper corrective  action  or abort.  

Th is  requ i res  adequate  s i tuation  awareness  of h igher  DOA  actions  and  knowing  what to  do  i n  
“ou t-of-the- loop”  s i tuations  for the  OPERATOR

 
[70] .  The  MANUFACTURER  shou ld  cons ider the  

sh i ft  of the  OPERATOR  TASKS  as  per the  RISK MANAGEMENT PROCESS  re lated  to  DOA.  

Kaber and  Ends ley
 
[70]  have  described  “s i tuation  awareness”  and  the  abi l i ty/i nabi l i ty of the  

OPERATOR  to  i n tervene i n  an  AUTONOMOUS  PROCESS  as  an  important OPERATOR-re lated  RISK  
due  to  h i gh  DOA.  Th is  shou ld  be  scru ti n i zed  by the  RISK MANAGEMENT  and  USABI LI TY 
ENGINEERING  PROCESSES .  

Annex D  presen ts  examples  of MEE  i l l ustrating  the  re lationsh ip  between  DEGREE  OF  AUTONOMY  
and  BASIC SAFETY  and  ESSENTIAL PERFORMANCE .  

During  the  RISK MANAGEMENT PROCESS ,  the  cri ti cal i ty of DOA  i s  dependent on  i ts  effect on  
SEVERITY  of HARM  and  not on  the  class i fication  of DOA.  

The  MANUFACTURER  shou ld  recons ider and  review a l l  re levant RISK-  and  HAZARD-related  
PROCESSES  when  the  MEE  or MES  wi l l  have  a  d i fferent DOA  fo l l owing  a  des ign  change.  
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5.2  RISK MANAGEMENT PROCESS  

5. 2. 1  Defin ing  INTENDED USE  

MANUFACTURERS  shou ld  be  prudent when  defin ing  the  I NTENDED  USE  of the ir MEE  or MES  
i ncl ud ing  DOA.  The  I NTENDED USE  i s  the  most important cl aim  to  be  defined  precisel y by the  
MANUFACTURER.  One  key part  of the  I NTENDED USE  i s  the  type  of PATIENTS  add ressed  by the  
MEE  or MES .  Existing  and  upcom ing  new MEE  or MES  wi th  a  h igher DOA  shou ld  defi ne  clearl y 
the  type  of PATIENTS  which  thei r MEE  or MES  addresses  i n  thei r I NTENDED USE .  

5.2.2  INTENDED USE  and  characteristics  related  to  SAFETY  

5. 2.2 . 1  INTENDED USE  and  the  RISK MANAGEMENT PROCESS  

The MANUFACTURER shou ld  identi fy the  I NTENDED USE  of the  MEE  or the  MES  with  a  DOA  and  
address  the  characteristics  related  to  SAFETY  th rough  the  RISK MANAGEMENT PROCESS  (see  4 . 2  
of I SO  1 4971 :2007) .  

5.2.2 .2  PATIENT  characteristics  related  to  SAFETY  

Add i ti onal  characteristics  concern ing  PATIENTS  shou ld  be  taken  in to  consideration  when  
design ing  a l l  types  of MEE  or MES ,  with  or wi thout  a h igher DOA i ncl ud ing :  

– PATIENT  types,  

– PATIENTS ’  sensory abi l i ti es,  

– PATIENTS ’  phys ica l  abi l i ti es,  

– PATIENTS ’  cogn i ti ve  ab i l i ti es,  and  

– PATIENTS ’  a l l erg ies .  

An  explanation  of these  characteristics  can  be  found  in  Annex E .  

5.2.2 .3  PATIENT  physiolog ical  s ignals  

5.2.2 .3.1  Use of PHYSIOLOGIC  CLOSED-LOOP CONTROLLERS  

The use  of PHYSIOLOGIC CLOSED-LOOP CONTROLLERS  i n  MEE  and  MES  are  expected  to  provide  a  
successfu l  s trategy to  improve PATIENT  SAFETY.  HAZARDS  that are  not d i rectl y addressed  by 
existing  standards  cou ld  emerge  i n  the  development of new MEE  or  MES .  

MEE  or MES  wi th  a  h igh  DOA  can  be  l inked  to  PATIENT  phys iolog ica l  s i gnals,  and  phys io log ical  
feedback s i gnals  wou ld  be  processed  by the  MEE  or MES ,  and  the  MANUFACTURER  wou ld  need  
to  cons ider th is  i n  the  RISK MANAGEMENT PROCESS .  

NOTE  Requ i rements  for PHYS IOLOG IC  CLOSED -LOOP  CONTROLLERS  can  be  found  i n  I EC 60601 -1 -1 0.  

5.2.2 .3.2  Typical  PATIENT physiological  signals  

Physio log ica l  s i gnals  (PATIENT  sensory i npu ts)  are  as  fol lows:  

a)  temperature  (e. g .  I SO  80601 -2-56  or I EC 80601 -2-59);  

b)  muscle  reflex (e. g .  I EC 60601 -2-1 0) ;  

c)  b lood  pressure  (non- invasive:  e . g .  I EC  80601 -2-30;  invas ive:  e . g .  I EC  60601 -2-34);  

d )  b lood  oxygen  saturation  (e. g .  SPO2 :  e. g .  I SO  80601 -2-61 );  

e)  transcutaneous  partia l  pressure  (CO2  va lue:  e. g .  I EC  60601 -2-23);  

f)  i nspiration / respiration  (frequency and  volume:  e. g .  I EC 80601 -2-55,  I SO  80601 -2-1 2) ;  

g )  e lectrophysiolog ica l  s ignals  (ECG,  EEG,  EMG:  e. g .  I EC  60601 -2-25,  I EC  60601 -2-26,  
I EC 60601 -2-27,  I EC 60601 -2-40,  I EC  60601 -2-47,  I EC 60601 -2-49) ;  
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h)  sensoria l  (sensing  pain ,  heat,  co ld ,  pressure) ;  

i )  hemodynam ic s ignals  (e. g .  I EC 60601 -2-1 6);  

j )  hearing  (e. g .  I EC 60601 -2-66) ;  

k)  eye  reaction  (d i l ation) ;  and  

l )  PATIENT sounds  (verbal  and  non-verbal ) .  

NOTE  I EC standards  i n d icated  above  contai n  requ i rements  for physi olog ical  s i gnal s .  

5.2.2 .3.3  Chemistry physiolog ical  s ignals  

PATIENTS ’  i npu ts  via  l ab  resu l ts  are  needed  for the  fo l l owing :  

a)  b lood  g lucose  and  e lectrol ytes,  

b)  u rine  ( i nd i rect – l aboratory resu l ts  needed),  

c)  sa l i va  ( i nd i rect – l aboratory resu l ts  needed) ,  and  

d )  other l aboratory/pharmaceutical  anal ysis  (DNA,  patholog ies,  t issue,  etc. ) .  

5.3  RISK CONTROL  

5. 3. 1  General  

R I SK CONTROL  options  are  not necessari l y mutual l y exclus ive  or appropriate  i n  a l l  
ci rcumstances.  The  RISK CONTROL  options  as  they relate  to  DOA  can  i nclude  the  fol lowing  as  
appropriate:  

a)  avoid ing  the  HAZARD  by decid ing  not to  start or con tinue  wi th  the  DOA  activi ty that g i ves  
rise  to  the  RISK;  

b) taking  an increased RISK via  h igher  DOA,  ensuring  that the cl in ical  benefit outweighs the RISK;  

c) removing the HAZARD source in  the MEE or MES  related  to the DOA;  

d) changing the probabi l i ty of occurrence of HARM  due to the DOA;  

e) changing the SEVERITY  of HARM  due to the DOA;  

f) sharing  the RISK  due to the DOA  between several  sub-systems of the MEE  or MES;  and  

g) retaining  the RISK  due to the DOA  by informed decision  via RISK-benefit analysis.  

A  RI SK MANAGEMENT PROCESS  shou ld  be  carried  ou t to  i denti fy any known  or foreseeable  
HAZARDS  that m igh t be  presen t i n  the  MEE  or MES .  During  the  HAZARD  i den ti fication  PROCESS ,  a  
focus  on  appl ication-speci fic aspects  shou ld  be  performed .  As  a  m in imum,  particu lar 
cons ideration  of DOA  when  used  to  perform  a  CLIN I CAL FUNCTION  as  part of the  I NTENDED USE  or 
to  address  reasonable  foreseeable  MISUSE  s i tuations  wi th  regard  to,  bu t not  l im i ted  to :  

h )  the  uncertain ty of the  AUTONOMOUS  d ecis ions  made by the  MEE  or MES  and  poss ib le  
HAZARDOUS  SI TUATIONS  from  wrong  decis ions  be ing  made;  

i )  the  d i fferen t l evels  of knowledge,  experience,  characteristics  and  physical  cond i ti ons  of 
OPERATORS ,  PATIENTS  and  other exposed  persons,  as  described  i n  Annex E ;  

j )  the  normal ,  bu t unexpected ,  actions  of the  MEE or MES due  to  DOA;  

k)  the  unexpected  or un in tended  actions  from  the  envi ronment (e. g .  someone  moving  i n to  the  
working  area  of the  MEE  or MES  employing  DOA) ;  

l )  the  unexpected  travel  su rfaces  and  environmental  cond i ti ons  i n  the  case  of MOBILE  MEE  or 
MES  employing  DOA;  

m )  the  uncertain ty of operation  of the  MEE  or MES  employing  DOA  wi th  respect to  PATIENT,  
OPERATOR,  other exposed  persons,  an imals ,  property and  the  environment;  

n )  the  conform ity to  human  anatomy and  i ts  variabi l i ty,  as  described  i n  Annex E;  

o)  power fa i l ure  or shu tdown  and  the  re-appl ication  of power (1 1 . 8  of I EC  60601 -1 : 2005 and  
IEC 60601 -1 : 2005/AMD1 :201 2)  for the  MEE  or MES  employing  DOA;  
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p)  HAZARDS  aris i ng  from  stress,  posture,  usage  or PATIENT  cri tical  s i tuations.  HAZARDS  can  
arise  from  both  phys ical  and  mental  aspects  of us ing  or appl ying  the  MEE  or MES  
( I EC 62366-1 : 201 5,  3. 29) ;  and  

q )  HAZARDS  aris ing  from  the  OPERATOR ’S  l oss  of s i tuation  awareness  concern ing  MEE  or MES  
wi th  a  h igher DOA.  

5.3.2  RISK CONTROL  h ierarchy 

5.3.2 .1  RISK CONTROL  options  

The RISK CONTROL  options  described  i n  the  subclauses  below are  i n  descend ing  order wi th  
regard  to  thei r general l y recogn ized  effecti veness  i n  reducing  RISK.  The  MANUFACTURER  shou ld  
take  th is  and  other factors  i n to  account before  decis ions  are  made  on  wh ich  combination  of 
MONITOR,  GENERATE ,  SELECT and  EXECUTE  (MGSE)  measures  wi l l  be  used .  

The  ou tcome of RISK CONTROL  can  in troduce add i ti onal  HAZARDS .  A s i gn i fi can t RISK  cou ld  be  
the  fa i lu re  or i neffectiveness  of the  RISK CONTROL  measures.  The  MONITORING  TASK needs  to  
be  an  i n tegral  part of the  RISK CONTROL  p l an  to  g i ve  assurance that the  measures  remain  
effective.  

NOTE  Documenting  and  record i ng  ( “b lack-box”)  the  TASKS  o f the  MEE  or MES  cou l d  hel p  to  perform  an  assessment 
fo l l owing  an  i ncident  as  wel l  as  improve  RISK MANAGEMENT  over the  L I FE  CYCLE  of the  MEE  or MES .  

5.3.2 .2  Inherently safe  design  

The fol l owing  measures  shou ld  be  appl ied  where  appropriate  when  in troducing  DOA:  

a)  el iminating  a particular HAZARD ,  e.g .  constrain ing  the  operational  scenarios  to  avoid  
HAZARDOUS  SI TUATIONS  d ue  to  DOA  l ead ing  to  i ncorrect  TASKS ;  

b) reducing the probabil ity of occurrence of the HARM ,  e.g.  use  of un ique  i den ti fi ers  for PATIENT,  
OPERATOR,  th i rd  persons,  an imals  and  SAFETY-related  obj ects  (e. g .  property or re levant  
aspects  of the  envi ronment) ,  travel  paths  ( I SO  TR 24971

 
[55] ) ;  

c) reducing the SEVERITY  of the HARM ,  e.g.  reducing the MEE  speed;  

d )  ad j ust the  capabi l i ty or re l i abi l i ty of the  activi ties  during  the  MONITORING  TASK  of the  MEE  or  
MES  ( i . e .  DOA  shou ld  be  i n -  or decreased  to  a  l evel  so  that there  i s  no  unacceptable  RISK) ;  

e)  des ign ing  a l gori thms for the  GENERATE  OPTIONS  TASK  i n  a  way that the  probabi l i ty of a  
certa in  decision  being  acceptable  i s  ca lcu lated  and  can  be  mon i tored  based  on  post-  
market data.  OPTIONS  GENERATED  wi th  a  h i gh  uncertain ty ou tcome shou ld  be  re-evaluated  
us ing  a l ternative  methods  or add i ti onal  i n formation .  I f after the  re-evaluation  the  
uncertain ty remains  unacceptable,  the  OPTION  can  be  d iscarded ;  and  

f)  ensuring  the  SELECT OPTIONS  TASK  i s  based  on  appropriate  cri teria  for optimal  balance  
between  RISK  and  benefi ts  to  fu l fi l  CLIN ICAL FUNCTIONS .  

5.3.2 .3  Protective  measures  

The fol l owing  measures  shou ld  be  taken  in to  consideration  when  i n troducing  DOA:  

a)  us ing  a  visual  or aud i tory a larm  signal  to  a l ert the  OPERATOR  or PATIENT  of a  HAZARDOUS  
S ITUATION ,  i nclud ing  when  ESSENTIAL PERFORMANCE  cannot be  main ta ined ;  

b)  ensuring  that the  i n tended  CLIN ICAL FUNCTION  i s  main tained  wi th in  defi ned  parameters  
wh i le  the  EXECUTE  TASK i s  be ing  performed ;  and  

c)  add ing  features  such  as  col l i s ion  detection  systems,  speed  or other parameters  variations,  
stabi l i ty control ,  etc. ,  based  on  the  overal l  RISK MANAGEMENT PROCESS  ou tcomes.  

5.3.2 .4  Information  for SAFETY  

The fol lowing  not exhaustive  l i st of measures  can  be  used  to  i ncrease  SAFETY  when  
i n troducing  DOA:  
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a)  p lacing  appl icable  warn ings  regard ing  MONITOR –  GENERATE  –  SELECT –  EXECUTE  (MGSE) ;  

b)  restricting  the  use  of MGSE  accord ing  to  the  RISK MANAGEMENT PROCESS  and  provid ing  the  
OPERATOR  wi th  cl ear i n formation  on  the  RESIDUAL RISK;  

c)  provid ing  notice  about improper use,  HAZARDS  that can  occur,  or other i n formation  that  
can  help  reduce  RISK  as  re lated  to  DOA,  where  a  timely response  i s  not requ ired ;  

d )  emphasizing  the  importance  of us ing  proper personal  protective  equ ipment,  such  as  
g loves  and  eye-g lasses;  

e)  provid ing  tra in ing  for the  OPERATORs  to  improve the ir performance  or the ir capabi l i ty in  
detecti ng  errors  as  re lated  to  DOA  and  the  s i tuation  awareness  of the  OPERATOR  i n  h is/her 
changed  role  by add ing  DOA  to  MEE  or MES  i n  the  d i rection  of more  supervis ing  than  
i n teracting ;  and  

f)  speci fying  necessary maintenance and  main tenance in tervals,  maximum  EXPECTED   

SERVICE  LI FE ,  and  how to  d ispose  of the  MEE  or MES  properl y.  

5.4 USABILITY  eng ineering  considerations  for MEE or  MES  having  a  h igher DOA  

5. 4. 1  General  

For MEE  or MES  the  focus  of USABI LI TY ENGINEERING  wi l l  typ ical l y change wi th  an  i n -  or 
decreasing  DOA.  For a  h igher DOA,  USABI LI TY ENGINEERING  wi l l  primari l y be  focused  on  an  
overseeing  role  for the  OPERATOR,  whi le  for a  l ower  DOA,  primari l y on  the  d i rect involvement of 
the  OPERATOR i n  perform ing  the  CLI N ICAL FUNCTION .  For in termed iate  values  of DOA the  
USABILITY ENGINEERING  PROCESS  shou ld  be  used  to  i denti fy new HAZARDS  and  veri fy the  
effecti veness  of RISK MANAGEMENT con trols  associated  wi th  shared  responsibi l i ti es .  

USABI LI TY ENGINEERING  comprises  mu l ti p le  aspects ,  such  as  ensuring  adequate  s i tuation  
awareness  of the  OPERATOR,  taking  account of OPERATOR reaction  time,  sensory i npu t and  
response,  and  the  abi l i ty of the  OPERATOR  to  detect mal function  or errors  of MEE  and  MESs  wi th  
a  h i gher DOA.  USABI LI TY ENGINEERING  does  not  necessari l y requ i re  the  in teraction  between  the  
PATIENT  and  MEE  or MES  wi thout or wi th  very l im i ted  OPERATOR  i n teraction .  Wh i le  i n troducing  
h igher DOA  the  MANUFACTURER  shou ld  cons ider th i s  changed  OPERATOR  ro l e.  

5.4.2  OPERATOR  s i tuation  awareness  

The  OPERATOR  re l yi ng  on  MEE  having  a  h i gh  DOA  tends  to  l ose  s i tuation  awareness  [70] .  I f the  
MEE  or  MES  with  DOA  cannot respond  to  an  exceptional  s i tuation ,  the  OPERATOR  shou ld  take  
con trol  over one  or more  of the  MEE  or  MES  TASKS  i n  order to  prevent HARM  to  the  PATIENT,  
OPERATOR or other persons  (e. g .  l ay person).  

I n  case  an  OPERATOR  action  is  requ ired  to  con trol  RISK,  i t  i s  paramount that the  OPERATOR:  

– i s  aware  of the  s i tuation ;  

– can  define  a  strategy or response  to  the  exceptional  s i tuation  wi th in  the  time needed ;  and  

– i s  capable  of perform ing  the  requ i red  TASK  or to  s top  the  TASK  to  prevent an  unacceptable  
RISK.  

The  OPERATOR ’ s  s i tuation  awareness  can  be  a  cri ti cal  SAFETY  i ssue  that  shou ld  be  cons idered  
during  the  RISK MANAGEMENT PROCESS  wi th in  the  des ign  s tage  of the  MEE  or MES  with  DOA,  and  
shou ld  be  con trol led  during  the  USABI LI TY ENGINEERING  PROCESS .  The  MANUFACTURER  shou ld  
consider the  impact of l oss  of s i tuation  awareness  on  a l l  RISKS  and  on  a l l  RISK CONTROL  
measures.  When  l oss  of s i tuation  awareness  i ncreases  RISK,  the  probabi l i ty of loss  of 
s i tuation  awareness  shou ld  be  investigated .  

I n  the  design  of MEE  or MES  wi th  a  h igh  DOA,  the  s i tuation  awareness  of the  OPERATOR  cou ld  
be  i ncreased  by i nvolving  the  OPERATOR  i n  e i ther MONITORING ,  GENERATING  OPTIONS ,  SELECTING  
one and  EXECUTING  i t,  to  accompl ish  the  CLIN I CAL FUNCTION .  The  USABILITY ENGINEERING  
PROCESS  shou ld  cons ider these  s i tuations.  

International  Electrotechnical  Commission

 



I EC TR 60601 -4-1 : 201 7    I EC  201 7  – 23  –  

5.4.3  OPERATOR reaction  time  

Th is  subclause  addresses  RISK  reduction  by imposing  requ i rements  on  MEE  or MES  d ue  to  i ts  
DOA  so  that  i t  i s  compatible  wi th  the  OPERATOR ’ s  reaction  time,  by ad justi ng  i ts  operational  
tim ing ,  or how to  deal  wi th  HAZARDS  i n  case  of i ncompatib i l i ty.  

One  of the  RISK  factors  of an  MEE  or MES  wi th  a  DOA  i s  i ts  abi l i ty to  react i ndependentl y of 
OPERATOR  i n terven tion  and  wi th in  a  t ime wh ich  m igh t not be  compatible  wi th  human  capabi l i ty.  
Two cases  are  i denti fi ed :  i n  the  fi rst case,  the  system  tim ing  a l l ows  the  OPERATOR  to  i n terrupt  
the  PROCESS  or to  cause  the  MEE  or MES  to  move to  a  safe  state;  i n  the  second  case,  the  MEE  
or MES  i s  faster than  human  reaction  time.  The  MANUFACTURER  shou ld  address  both  these  
cases  during  the  USABI LI TY ENGINEERING  PROCESS .  

EXAMPLE  1  MEE  having  DOA  wi th  l im i ted  speed ,  a l l ows  the  OPERATOR  to  i n tervene  to  s top  an  u nwanted  acti vi ty  

(e. g .  emergency s toppi ng  devi ces  (see  subclause  9. 2 . 4  i n  I EC 60601 -1 : 2005  and  I EC 60601 -1 : 2005/AMD1 : 201 2)).  

EXAMPLE  2  MEE  having  DOA  i n  wh ich  the  motion  correction  functional i ty to  react  on  organ  movements  du ri ng  

treatment i s  much  faster than  the  reaction  t ime  of an  OPERATOR .  

The USABILITY ENGINEERING  PROCESS  and  a lso  the  RISK MANAGEMENT PROCESS  shou ld  cons ider 
these  s i tuations.  

5.4.4  OPERATOR sensory i nput and  response  

I n  add i ti on  to  primary sensory i npu ts,  l ike  tacti l e  i npu ts  i n  many cases,  OPERATORs  base  thei r 
actions  on  sensory i npu ts  that have  been  processed  to  become visual  and /or aud ib le  to  
humans,  wh i le  the  orig in  of those  i npu ts  cou ld  be  from  a  source  ou ts ide  of the  human  sensory 
scope.  I n  some cases  i t  cou ld  nevertheless  be  helpfu l  to  i nvolve  the  OPERATOR ’ s  sensory 
i npu ts  as  a  requ i red  i npu t i n  the  MONITORING  PROCESS  of the  MEE  or MES  wi th  h igher DOA.  

MEE  or MES  can  provide  help  i n  the  MONITORING  TASK  and  how to  SELECT  from  these  sources  
when  the  raw input of the  sensors  cannot be  processed  by an  OPERATOR.  I n  th is  case,  h igh  
values  of DOA  m ight be  necessary to  au tomate  ( i n  rea l  time)  data  se lection  and  fi l tering ,  i n  
order to  make the  sensor data  avai lable  in  a  form  that  humans  can  understand  and  work wi th .  

5.4.5  Detectabi l i ty by  OPERATOR of malfunction  or errors  of  MEE  or  MES  with  a  h igher 
DOA  

MEE  or MES  wi th  a  h igher DOA  cou ld  GENERATE  OPTIONS  ava i lab le  for an  OPERATOR  to  SELECT ,  
or i n  even  h i gher DOA  the  MEE  or MES  m igh t both  GENERATE  and  SELECT  the  OPTIONS .  The  ro l e  
of the  OPERATOR  wou ld  evolve  in to  a  supervisory ro le  than  an  i n teracting  one.  

MANUFACTURERS  of  MEE  or MES  shou ld  take  care  about the  role  of the  OPERATOR wi th  respect 
to  supervis ing  or i n teracti ng ,  during  the  whole  design  and  development PROCESS .  The resu l t  
for appl icable  add i ti onal  measures  shou ld  be  a  resu l t of the  RISK MANAGEMENT  PROCESS .  As  
examples,  the  fol lowing  measures  cou ld  be  i ncluded :  

– des ign  to  main tain  OPERATOR ’S  s i tuation  awareness;  

– more  or exhaustive  advice  i n  the  OPERATOR  manual  of the  MEE  or  MES ;  

–  cl ear methods  to  ensure  that  the  OPERATOR  can  detect  mal functions  or errors  of an  MEE  or 
MES  wi th  a  h igher DOA;  and  

– add i ti onal  tra in ing  for the  observing  role  of the  OPERATOR.  

5.5  PROGRAMMABLE  ELECTRICAL MEDICAL  SYSTEMS  (PEMS)  and  software  development LIFE  
CYCLE  ( IEC  62304)  

I n  an  MEE  or MES  wi th  a  h igh  DOA,  PEMS  i n tegri ty i s  l ikel y to  be  importan t to  SAFETY,  bu t  
USABILITY  wi l l  remain  relevan t for SAFETY  u p  to  the  poin t of an  AUTONOMOUS  MEE  or MES  where  
the  OPERATOR  i s  no  longer i nvolved  wi th  the  MEE  or MES .  
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Software  i s  often  an  i n tegral  part of MEE  or MES .  Establ ish ing  the  BASIC SAFETY and  ESSENTIAL 
PERFORMANCE  of an  MEE  or MES  contain ing  software  requ i res  knowledge of what the  software  
is  i n tended  to  do  and  demonstration  that the  use  of the  software  fu l fi l s  those  i n tentions  
wi thout  caus ing  any unacceptable  RISKS .  

HAZARDS  that cou ld  be  i nd i rectl y caused  by software  (for example,  by provid ing  m islead ing  
i n formation  that cou ld  cause  i nappropriate  treatment to  be  adm in istered)  need  to  be  
considered  during  the  RISK MANAGEMENT PROCESS  when  determ in ing  whether software  is  a  
con tribu ting  factor.  

An  MEE  or MES  wi th  a  h i gher  DOA i s  l ikel y to  contain  more  software  needed  to  perform  TASKS 
that wou ld  normal l y be  performed  by the  OPERATOR,  and  extra  i n tra-operabi l i ty aspects  i n  the  
whole  software.  Th is  i ncreases  the  s ize  and  complexi ty of the  software(s) .  

The  decision  to  use  software  to  con trol  RISK  i s  made during  the  RISK MANAGEMENT PROCESS .   
Software  LI FE-CYCLE  PROCESSES  are  an  importan t part of a  RISK MANAGEMENT PROCESS .  Having  
add i tional  or d i fferent software  wou ld  necessi tate  reviewing  of RISK MANAGEMENT PROCESSES  
( I SO  1 4971  and  I EC  62304).  

The  MEE  or  MES  EXECUTING  that CLIN ICAL  FUNCTION  or  TASK would  be  requ i red  through  software  
to  i n form  the  OPERATOR  of any abnormal i ty or mal function .  The  MANUFACTURER  wou ld  need  to  
review the  software  in  consequence of the  previous  USABILITY ENGINEERING  requ i rements .  The  
OPERATOR  wou ld  need  to  comprehend  the  TASKS  or CLIN ICAL  FUNCTIONS  be ing  EXECUTED  by the  
MEE  or MES  and  the  l im i tations  of the  MEE  or  MES  d uring  any cl i n ica l  compl ication .  The  
OPERATOR  shou ld  know when  h is/her i n teraction  i s  requ i red ,  especial l y when  the  MEE  or MES  i s  
not EXECUTING  the  CLIN I CAL FUNCTION  as  expected .  

5.6  Appl ication  of RISK MANAGEMENT  for IT-networks  incorporating  med ical  devices  

An  MEE  or MES  wi th  a  h i gh  DOA  cou ld  a lso  requ i re  i n teraction  wi th  other MEE  or other non-
med ical  equ ipment.  The  MANUFACTURER  wou ld  need  to  cons ider the  new MES  i n  the  RISK 
MANAGEMENT PROCESS .  

F igu re  1  provides  an  example  of a  s imple  bas ic model  that i l l ustrates  how MEE  or MES  cou ld  
i n teract between  one  another.  

MEE  and  MES  are  essentia l  for the  practice  of modern  med icine.  MEE  can  u ti l i ze  open  
networking  protocols  for communication  to  provide  input and  output data.  However,  u n l ike  the  
i n teroperable  “pl ug-and-play”  envi ronment of modern  computers  and  consumer e lectron ics ,  
most MEE  i s  not  des igned  to  i n teroperate.  MEE  typ ical l y u ti l i zes  proprietary protocols  for thei r 
own  system  in tegration .  These  types  of approaches  do  not provide  adequate  in tegration  
capabi l i ties  necessary for safe,  cross-MANUFACTURER  MEE  i n tegration  for data  commun ication  
between  d i fferent MEE  ( l i nk between  (2)  and  (3)  i n  F igure  1 ) .  I f an  MEE  MANUFACTURER  wou ld  
l i ke  to  combine  h is  MEE  wi th  other MEE  the  MANUFACTURER shou ld  consider a  h igher DOA  and  
I SO 1 4971  requ ires  the  RISK MANAGEMENT  d ocuments  and  USABILITY ENGINEERING  d ocuments  
to  be  reviewed  accord ing l y.  

Reference to  standards  such  as  I EC  80001  (a l l  parts)  cou ld  provide  add i ti onal  gu idance  to  
MANUFACTURERS .  
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NOTE  The  l i nk between  (1 )  and  (2)  i s  typ ical  and  normal l y exi sts ,  whereas  the  l i nk between  (2)  and  (3)  i s  usual l y 
m iss ing  and  performed  by the  OPERATOR  (cl i n i cal  s taff) .  The  l i nk (3)  to  (1 )  i s  the  ou tcome/output  of the  cl i n i cal  
therapeuti c/i n terventi on  del i vered  to  the  PATIENT .  Med ica l  d evices  (1 )  to  (3 )  above  can  be  an  MEE  component,  a  
MEE  sub-assembly,  MEE  o r MES .  Refer to  Annex F  for a  more  detai l ed  functional  d i ag ram  of a  PHYSIOLOGICAL  
CLOSED-LOOP  CONTROLLER  as  per I EC 60601 -1 -1 0  and  how DOA  i s  l i kel y to  be  i n troduced  i n to  MEE  or MES .  Med ical  
device  i s  equ ivalen t  to  MEE  or  MES .  

Figu re 1  – Basi c model  of i n teroperabi l i ty of M EE  i n  an  M ES  (Order of execution:  1  to  3)  

The majori ty of MEE  today are  not the  physiolog ical  closed- loop  type,  bu t provide  d iagnostic  
i n formation  or cl i n ical  treatment wi th  the  i n teraction  of the  OPERATOR  (cl i n ical  s taff),  and  the  
majori ty of the  MEE  or MES  wh ich  are  software-based  and  dependent on  OPERATOR 

i n teractions.  

An  MEE  or MES  wi th  a  h igher DOA  cou ld  a l l ow the  MONITORING  of CLI N ICAL FUNCTIONS  and  
ESSENTIAL PERFORMANCES ,  provides  more  cl i n ica l  i n formation  for cl in ical  decis ions,  wou ld  
reduce  OPERATOR  i n teractions,  and  cou ld  reduce  OPERATOR  errors.  

6 BASIC  SAFETY  and  ESSEN TI AL PERFORM AN CE  related  to  DOA  

6.1  GEN ERAL  

I ncreasing  DOA  can  transfer responsibi l i ti es  from  the  OPERATOR  to  the  MEE  or  MES ,  wh ich  can  
i ncrease  the  RISK CONTROLS  associated  wi th  BASIC SAFETY  and  ESSENTIAL PERFORMANCES  of  the  
MEE  or  MES .  

Add ing  a  DOA  feature  can  add  to  the  speci fication  for:  

– CLIN I CAL FUNCTION ,  or otherwise  I NTENDED USE ;  

–  characteristics  re lated  to  SAFETY;  and  

– HAZARDOUS  S ITUATIONS  that  need  to  be  add ressed  wi th  RISK CONTROLS .  

Performance speci fications  associated  wi th  CLIN ICAL FUNCTION  can  i ncrease  ESSENTIAL  

PERFORMANCE  yet RISK CONTROLS  are  re lated  to  both  BASIC SAFETY  and  ESSENTIAL 

PERFORMANCE .  

6.2  B ASI C  S AFETY related  to  DOA  

BASIC SAFETY  i s  associated  wi th  use  of technolog ies  (e. g .  components ,  software,  materia ls ,  
and  energy)  incorporated  i n to  the  design  of the  MEE  or MES .  Software  a l gori thms  wh ich  are  
i ncorporated  i n to  the  MEE  or  MES  d es igns  and  the ir associated  RISK CONTROLS  have  to  main ta in  
acceptable  RISK (e. g .  e l ectrical  shock,  thermal  bu rns,  fi re,  excess ive  rad iation)  l evels.  They 
are  associated  wi th  HARM  caused  by the  MEE  or  MES ,  do ing  what they are  not i n tended  to  do.  
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Where  DOA  enhances  the  speci fication  for I NTENDED USE  not associated  wi th  CLIN ICAL 
FUNCTION ,  or cou ld  i ncrease  the  RISK CONTROLS  associated  wi th  the  mod i fication  of OPERATOR  
TASKS  ( increase/decrease)  re lated  to  the  I NTENDED USE ,  wh ich  cou ld  not be  associated  wi th  
CLIN I CAL FUNCTIONS ,  DOA  shou ld  con tribu te  to  an  i ncreased  speci fication  for BASIC SAFETY.  

EXAMPLE  1  An  MRI  system  i ncorporates  a  l ow DOA  feature  that  a l l ows  a  PATI ENT  to  be  moved  i n to  the  magnet 
gantry for imag ing  wi th  an  OPERATOR  s tart/stop  means  that  does  not  requ i re  con ti nuous  acti vation  by the  
OPERATOR .  As  the  PATI ENT  pos i ti on i ng  i n to  the  gantry i s  not  d i rectl y associated  wi th  MR imag ing ,  the  RISK 
ASSESSMENT  can  i d enti fy  th i s  featu re  as  re lated  to  BASIC  SAFETY  (crush)  and  not  re lated  to  the  CLI N I CAL  FUNCTION  
(formation  of the  image).  I nstead ,  i t  can  be  seen  as  an  add i t i on  to  the  I NTENDED  USE .  Th i s  feature  and  necessary 
RISK CONTROLS  i den ti fi ed  by the  RISK MANAGEMENT PROCESS  considered  BASIC  SAFETY  featu res.  The  trapping  zone  
cou ld  become a  HAZARDOUS  S I TUATION  and  cause  HARM  (crush ing ,  sheari ng ,  or p i nch ing  i n j u ri es)  to  PATI ENTS .  

EXAMPLE  2  A motori sed  ROBOTIC ,  fl exib le  endoscope  for i n vas i ve  procedu res  i ncorporates  a  DOA  featu re  to  a l l ow 
the  endoscope  to  be  extracted  from  the  oesophagus  wi th  an  OPERATOR  s tart/stop  means,  wh ich  reverses  the  
pathway taken  d uri ng  i nsertion ,  and  wh ich  does  not  requ i re  con ti nuous  acti vation .  As  the  i n sertion/extraction  of the  
endoscope  i s  not  d i rectl y  associated  wi th  the  vi sual  imag i ng ,  the  RI SK ASSESSMENT  can  i d enti fy th i s  feature  as  not  
rel ated  to  a  CLIN I CAL  FUNCTION .  I nstead ,  i t  can  be  seen  as  an  add i ti on  to  I N TENDED  USE .  Th i s  feature  and  necessary 
RISK CONTROLS  i den ti fi ed  by the  RI SK MANAGEMENT PROCESS  are  consi dered  BASIC  SAFETY.  The  HARM ,  wh ich  cou ld  
resu l t,  i s  associated  wi th  a  trapping  zone  HAZARDOUS  S I TUATION ,  wh ich  cou ld  resu l t  i n  teari ng  or cu tti ng  i n j u ries  to  
PATIENTS .  

6.3  ESSENTIAL PERFORMANCE  re lated  to  DOA  

ESSENTIAL  PERFORMANCE  i s  based  on  a  RISK ASSESSMENT PROCESS  re lated  to  performance of 
CLIN I CAL FUNCTIONS  employing  DOA.  

ESSENTIAL  PERFORMANCE  i s  associated  wi th  the  CLIN ICAL FUNCTION  where  l oss  or degradation  
wi l l  resu l t i n  unacceptable  RISK.  I t  i s  associated  wi th  unwan ted  RISK  caused  by the  MEE  or  MES  
employing  DOA  tryi ng  to  do  what i t  i s  i n tended  to  do.  I f there  is  overlap  between  ESSENTIAL 
PERFORMANCE  and  BASIC SAFETY,  i t  i s  by defin i tion  cons idered  as  BASIC SAFETY.  Where  a  DOA  
feature  enhances  the  speci fication  for CLI N ICAL FUNCTIONs,  or enhances  the  speci fication  for 
RISK  control  associated  wi th  the  i ncrease  i n  CLI N ICAL FUNCTION ,  DOA  enhances  the  
speci fication  for ESSENTIAL  PERFORMANCE ,  where  th is  does  not overlap  wi th  BASIC SAFETY.  

EXAMPLE  1  An  AUTOMATI C  EXTERNAL  DEF IBRI LLATION  (AED)  i ncorporates  a  DOA  featu re  to  synch ron ize  the  del i very 

of the  defi bri l l ati on  energy to  the  peak of the  QRS  complex of the  e l ectrocard i og ram  (ECG)  s i gna l .  As  the  

synchron i zed  del i very of the  defibri l l ati on  energy i s  d i rectl y associated  wi th  the  defi bri l l ati on  therapy,  the  RI SK 

ASSESSMENT  for the  added  DOA  can  i den ti fy th i s  featu re  as  re lated  to  the  CLI N ICAL  FUNCTION ,  and  not  overlapping  

wi th  BASIC  SAFETY.  Th i s  added  CLIN ICAL  FUNCTION  cou l d  be  i denti fi ed  by the  RISK ASSESSMENT  as  ESSENTIAL  

PERFORMANCE .  

EXAMPLE  2  A l i near accelerator device  i ncorporates  an  I MAGE -GU IDED  RAD IOTHERAPY  ( I GRT)  DOA  featu re  to  

synchron i ze  the  treatment del i very re l ated  to  the  PATI ENT ’ s  breath ing  pattern .  As  the  synch ron ized  del i very of the  

RADIATION  i s  d i rectl y associated  wi th  the  rad i ation  therapy,  the  RI SK ASSESSMENT PROCESS  cou l d  i d en ti fy th i s  featu re  

as  re lated  to  the  CLIN ICAL  FUNCTI ON ,  and  not  overl app ing  wi th  BASIC  SAFETY.  The  performance  l im i ts  of the  DOA  

feature  m igh t  have  been  defi ned  as  l atency of the  beam  off/on  function .  Th i s  DOA  feature  and  the  necessary RISK  

con trol  i denti fi ed  by the  RISK MANAGEMENT PROCESS  are  cons idered  ESSENTIAL  PERFORMANCE .  The  HARM  wh i ch  

cou ld  resu l t  i s  associated  wi th  deg raded  therapy,  or col l ateral  ti ssue  damage  ou ts ide  the  therapy target  area,  wh ich  

can  resu l t  i n  an  undesi rabl e  or unacceptabl e  cl i n i cal  ou tcome.  

EXAMPLE  3  A l i near accelerator d evice  i ncorporates  a  DOA  feature  to  move  the  rad iati on  source  i n  an  arc around  

the  target  area  and  du ri ng  movement,  ad j usts  the  mu l ti -e lement  beam  l im i ti ng  device  (BLD)  to  shape  the  beam  

cons isten t  wi th  the  cross-secti onal  area  of the  target  area.  As  the  arc movement and  beam-shaping  movement are  

d i rectl y associated  wi th  the  therapy p l an ,  the  RISK  ASSESSMENT PROCESS  can  i d en ti fy th i s  featu re  as  re lated  to  the  

CLI N I CAL  FUNCTION ,  and  not  overl appi ng  wi th  BAS IC  SAFETY.  Th i s  DOA  featu re  and  necessary RI SK  con trol s  i denti fi ed  

by the  RI SK ASSESSMENT PROCESS  a re  consi dered  ESSENTI AL  PERFORMANCE .  The  HARM  wh ich  cou ld  resu l t,  i s  

associated  wi th  degraded  therapy or col l ateral  t i ssue  damage  ou ts ide  the  therapy target area,  wh ich  can  resu l t  i n  

an  undes i rab le  or unacceptabl e  cl i n i cal  ou tcome.  Al ternati ve ly,  the  arc movement of the  rad iati on  source  can  be  

considered  as  overl apping  wi th  BASI C  SAFETY,  as  there  i s  a  HAZARDOUS  S I TUATI ON  associated  wi th  col l i s i on  wi th  the  

PATIENT  o r other equ ipment.  The  HARM  wh ich  m ight  resu l t  a l so  i ncl udes  a  trapp ing  zone  HAZARDOUS  S I TUATION ,  

wh i ch  m igh t  resu l t  i n  crush i ng ,  sheari ng ,  or p i nch i ng  i n j u ri es  to  a  PATIENT .  I n  th i s  a l ternati ve  case,  the  beam-

shaping  movement m igh t  be  seen  to  be  rel ated  to  ESSENTIAL  PERFORMANCE ,  and  the  arc movement  related  to  BASIC  

SAFETY.  I n  any case,  whether the  arc movement i s  ESSENTIAL  PERFORMANCE  o r BAS IC  SAFETY,  i t  does  not  change  the  

importance  of veri fyi ng  that  RI SK  con trol s  are  effecti ve.  
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Some particu lar requ i rements  for BASIC SAFETY  and  ESSENTIAL  PERFORMANCE  ( I EC  60601 -2-
XX)  standards  i nclude  tables  re lated  to  d istribu ted  ESSENTIAL  PERFORMANCE  requ irements .  
These tables  address  the  m in imal  ESSENTIAL  PERFORMANCE  requ i rements  as  appl icable  to  the  
particu lar  MEE  or  MES .  The  MANUFACTURER th rough  a  RISK MANAGEMENT PROCESS  cou ld  a lso  fi nd  
add i tional  ESSENTIAL PERFORMANCE  re lated  to  h is  particu lar MEE  or  MES .  

For a  better understand ing  of ESSENTIAL  PERFORMANCE ,  a  col l ection  of ESSENTIAL 

PERFORMANCES  has  been  extracted  from  the  I EC  I SO  60601 -2-XX/80601 -2-XX series  and  
i nserted  i n to  a  l i st  presented  i n  Annex G .  Th is  l i st  provides  in formative  gu idance re lated  to  the  
most commonl y known  ESSENTIAL PERFORMANCES .  Refer to  the  l i st  of ESSENTIAL  PERFORMANCE  
of MEE  or  MES  wi th  DOA.  

I t  has  been  reported  that some MEE  or MES  cla im  to  have  no  ESSENTIAL PERFORMANCE .  Th is  
cl aim  shou ld  be  demonstrated  through  the  I SO  1 4971  RISK MANAGEMENT PROCESS  to  ensure  
that  the  MEE  or MES  h as  no  ESSENTIAL  PERFORMANCE .  

Al l  ESSENTIAL  PERFORMANCES  are  addressed  through  a  RISK MANAGEMENT PROCESS  i f there  i s  a  
transfer of the  HAZARD  from  the  OPERATOR  to  the  MEE  or  MES  wi th  a  DOA.  Table  1  provides  
examples  of ESSENTIAL PERFORMANCE  for MEE  or  MES  wi th  a  DOA derived  from  particu lar 
standards.  The  MANUFACTURER  i s  responsible  for evaluati ng  via  the  RISK MANAGEMENT PROCESS  
whether ESSENTIAL  PERFORMANCE  changes  or not i f there  i s  a  transfer of the  HAZARD  from  the  
OPERATOR  to  the  MEE  or  MES  wi th  a  DOA.  

Table  1  – Examples  of ESSENTIAL PERFORMANCE  of MEE or  MES  wi th  a  DOA  

Potenti al l y appl icable  ESSENTIAL  PERFORMANCE  of MEE  or MES  wi th  DOA  

MON I TORING  PATIENT  physiolog i cal  s i gnal s  

MEE  counter force  (sensing  rea l  l i fe  motion /appl i cation)  

MEE  p reci s ion/ accuracy of movement/measurement  

MEE  accuracy/ d el i very of cl i n i cal  i n tervention  (therapeuti c,  d i agnosti c,  MON I TORI NG )  

MEE  t ime/ executi on  requ i rements  of cl i n i cal  i n terven ti on  (therapeu ti c,  d i agnosti c,  MON ITORING )  

MEE  sensi ti vi ty  

MEE  parameter stabi l i ty  

Detection  of improper setup  before  perform ing  a  CLI N I CAL  FUNCTION  (e . g .  d i sconnected  PATI ENT  APPLIED  PART ,  
wrong  PATIENT  APPLI ED  PART ,  d efecti ve  PATIENT  APPLIED  PART)  

MEE  recovery management (restart  where  i t  has  been  i n terrupted )  

MEE  runaway protecti on  (does  not  retu rn  to  s tart  of program  or anywhere  i n  the  program)  

Del i berate  OPERATOR  acti on  requ i red  to  change  setti ngs  (manual  over-ri de  – d ouble  confi rmation )  

MEE  powering  down  (EPO)  or main  power cu t  i n  a  safe  prescribed  manner 

Able  to  remove/ retract  MEE  wi th  no  power  

MEE  transi ti ons  to  a  safe  state  as  defi ned  by MANUFACTURER  when  an  unknown  cl i n i cal  s i tuation  occurs  (Fal l back 
mode)  

NOTE  1  These  examples  cou ld  a l so  be  BASIC  SAFETY.  The  i denti fi cati on  of ESSENTI AL  PERFORMANCE  i s  
determ ined  by the  MANUFACTURER and  depends  on  the  I N TENDED  USE  of the  MEE  or MES .  

NOTE  2  The  l i s t  of examples  was  deri ved  from  Table  G . 1 .  
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Annex A 
(informative)  

 
Rationale  for defin ing  the AUTOMATIC ,  AUTONOMY  and  DOA  framework  
and  the  d istinction  between  a  MEDICAL ROBOT  and  other MEE or  MES  

A.1  General  

This  document has  establ ished  that MEE  and  MES  wi th  h igh  DOA  were  not fu l l y addressed  in  
existi ng  standards.  Because  the  DOA  i n  MEE  and  MES  can  have  an  impact on  the  RISK 
MANAGEMENT ,  USABI LI TY ENGINEERING  PROCESSES  and  software  l i fe  cycle  PROCESS  (PEMS) ,  i t  
needs  to  be  wel l  defi ned  and  understood .  Fu rthermore,  as  technology advances,  i t  i s  
expected  that more  MEE  and  MES  wi l l  i ncorporate  various  functions  that operate  wi th  a  DOA.  I n  
add i ti on ,  the  term  AUTONOMY  (or s im i lar terms)  found  i n  existing  standards,  i ncl ud ing  the  
recent i ssue  of I SO  8373:201 2,  needed  fu rther refi nement.  

Th is  annex provides  background  i n formation  on  the  defin i ti ons  of AUTONOMY,  DEGREE  OF  
AUTONOMY,  AUTOMATIC  and  re lated  terms.  

I n  add i tion ,  DOA  i s  i n troduced  due  to  the  emergence of MEDICAL  ROBOTS  and  the  fact that DOA  
i s  a  key part i n  the  defin i ti on  of ROBOT  as  presented  i n  I SO  8373: 201 2 .  ROBOT  i s  a  general  
and  vague  term  that i s  used  i n  d i fferent ways  i n  p la in  l anguage.  Therefore  the  use  of term  
ROBOT  or i ts  re levant ad j uncti ve  “ robotic”  to  describe  an  MEE  or MES  needs  specia l  a ttention .  
Th is  annex addresses  th i s  i ssue  and  the  d istinction  between  a  MEDICAL  ROBOT  and  other MEE  
or MES .  

A.2  Existing  defin i tions  and  l imi tations  

There  have  been  re levant and  s im i l ar terms  regard ing  AUTONOMY  (AUTOMATIC ,  l evel  of 
au tomation ,  l evel  of AUTONOMY,  etc. ) .  I n  th is  clause,  the  appearance  of these  terms  in  the  
l i terature  i s  reviewed .  

Defin i tions  of AUTOMATIC  and  AUTONOMY  are  found  in  a  few existi ng  standards  and  other 
l i terature.  For example:  

AUTOMATIC  

PROCESS  or equ ipment that,  u nder speci fi ed  cond i ti ons,  functions  wi thou t human  i n tervention  

[SOURCE:  I EC 62443-3-3: 201 3,  3. 1 . 7]  

AUTONOMOUS  
respond ing ,  reacting ,  or developing  i ndependentl y of the  whole;  not control led  by others  or by 
ou ts ide  forces;  i ndependent  

[SOURCE:  I EC TR 61 850-90-7: 201 3,  3. 1 . 1 ]  

AUTONOMY  
abi l i ty to  perform  in tended  TASKS  based  on  curren t state  and  sens ing ,  wi thou t human  
i n terven tion  

[SOURCE:  I SO 8373: 201 2,  2 . 2]  

As  shown  in  Annex B ,  there  are  numerous  MEE  or MES  i ncorporating  functions  wi th  a  certa in  
DOA  or ‘AUTOMATIC ’  functions.  Curren t standards  mostl y refer to  these  as  ‘AUTOMATIC ’  
functions.  However,  the  term  AUTOMATIC  i s  b i nary,  wh ich  cannot provide  any means  to  classi fy 
the  DOA  and  a lso  cannot expla in  how DOA can  affect the  RISK MANAGEMENT PROCESS  for MEE  or  
MES .  From  th is  fact,  two  key issues  are  identi fied ,  namely:  
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a)  us ing  the  term  AUTOMATIC  i s  i nappropriate  to  describe  th is  type  of technology,  because  the  
word  has  been  h istorica l l y used  i n  d i fferen t ways  as  shown  i n  Annex B ,  and  the  use  can  
cause  m isunderstand ing  and  confusion ;  and  

b)  methodolog ies  to  cl ass i fy between  no  to  fu l l  AUTONOMY  are  needed .  

To  address  these  i ssues,  the  concept of DOA  i s  i n troduced  to  the  I EC  60601  series.  AUTONOMY  
was  chosen  as  the  basic  term  for th is  new concept because  i t  l acks  the  h istorica l  problems  
associated  wi th  AUTOMATIC .  However,  none  of the  existing  defin i ti ons  of AUTONOMY  or s im i lar 
terms  is  ab le  to  satisfy the  need  to  describe  the  ESSENTIAL  PERFORMANCE  of MEE  or MES  and  
associated  RISKS  d ue  to  the  fo l lowing  reasons :  

– There  i s  no  MEE  or  MES  that works  completel y i ndependentl y as  per the  Merriam-Webster 
defin i tion  of AUTONOMY.  Therefore,  th is  defi n i ti on  is  not  appropriate  for the  fi e ld .  

– I SO  8373: 201 2  defines  AUTONOMY ;  however,  i t  does  not define  DOA  wh i le  DOA  i s  i ncl uded  
i n  the  defin i tion  of ROBOT .  Furthermore,  i t  does  not speci fy the  re lationsh i p  of AUTONOMY  to  
the  metrics  of DOA.  

A.3  New approaches  

The term  DOA  appears  i n  the  l i terature  i n  various  formats,  many of wh ich  are  summarized  
i n  [67] .  After thorough  review of the  d i fferen t usages,  the  fo l lowing  concepts  were  identi fi ed  as  
a  su i table  basis  for further cons iderations:  

– N IST ALFUS
 
[68] ,

 
[69]  cl ass i fied  the  l evel  of AUTONOMY  of unmanned  veh icles  using  three  

axes,  namely “envi ronment complexi ty” ,  “TASK  complexi ty”  and  “human  i n terface” .  A 
s im i lar class i fication  to  MEE  or  MES  was  appl ied ,  where  “environment complexi ty”  was  
trans lated  to  a  hospi ta l ,  “complexi ty”  re lated  to  the  cl in ical  appl ication  or treatment and  
“human  i n terface”  was  renamed  “USABI LI TY”  to  re late  closer to  the  med ical  term inology.  
F i gure  A. 1  i l l ustrates  the  ALFUS  approach  appl ied  to  MEE  or MES  appl ications.  After 
attempting  to  appl y i t  to  MEE  or MES ,  th is  concept was  found  to  be  too  complex to  be  
appl ied  by MANUFACTURERS  i n  a  cons istent way.  Furthermore,  i t  does  not provide  a  s ing le  
d imension  metric  for DOA,  making  i ts  use  and  i n terpretation  less  obvious.  
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Figure A. 1  – ALFUS approach  appl ied  to  MEE  or MES  appl ications  

– Kaber and  Ends ley
 
[70]  focused  on  “human-centred  au tomation” ,  and  four generic actions  

were  proposed  describ ing  a  system ’s  capabi l i ti es:  mon i toring ,  generati ng ,  se lecting  and  
implementing .  Using  these  terms,  they defined  1 0  “ l evels  of au tomation ”.  Th is  “ l evels  of 
au tomation”  concept was  considered  to  be  an  appl icable  framework upon  wh ich  to  base  
the  concept of DOA for MEE  or  MES .  

Th is  document adopts  and  bu i l ds  upon  Kaber and  Ends ley’s  approach  to  defi ne  AUTONOMY  
and  DEGREE  OF  AUTONOMY  cl ass i fication  methods  as  presented  i n  Annex C.  

Regard ing  these  terms,  th is  document recommends  the  fol lowing :  

– AUTOMATIC :  Th is  term  cou ld  have  been  used  to  mean  a  certain  DOA  as  shown  i n  Annex B .  
When   referri ng  to  DOA  i t  i s  recommended  that th is  term  not be  used .   

– AUTONOMY,  AUTONOMOUS :  These  terms  in  common  l anguage are  used  to  mean  fu l l  DOA.  
For express ing  i n termed iate  DOA,  these  terms  shou ld  not be  used ,  and  i t  i s  strong l y 
advised  to  use  DOA.  However,  expression  nu l l  (no,  zero)  AUTONOMY  and  fu l l  AUTONOMY  can  
be  used  wi thou t confus ion .  

– Level  of automation ,  level  of AUTONOMY:  Al though  these  terms  are  found  in  the  l i terature,  
i t  i s  recommended  that  DOA be  used  to  avoid  confus ion .  

The  document a lso  i ncludes  special  atten tion  on  CLIN I CAL FUNCTIONs.  Th is  was  needed  
because  in  the  defin i ti on  of ESSENTIAL  PERFORMANCE  i n  3 . 27  of I EC  60601 -1 : 2005 and  
IEC 60601 -1 : 2005/AMD1 :201 2,  CLIN I CAL FUNCTION  i s  mentioned  but  not defined .  

A.4  Defin i tion  of MONITOR  – GENERATE –  SELECT –  EXECUTE  

Kaber and  Ends ley
 
[70]  describes  four generic functions  i n  control  systems as  the  fol l owing :  

1 )  mon i toring :  wh ich  i ncludes  taking  i n  a l l  i n formation  re levant to  perceiving  system  status  
(e. g .  scann ing  visual  d isplays) ;  
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2)  generating :  formu lating  OPTIONS  or TASK  s trateg ies  for ach ieving  goals;  

3)  se lecting :  decid ing  on  a  particu lar OPTION  or strategy;  and   

4)  implementing :  carrying  out the  chosen  OPTION  th rough  control  actions  at  an  i n terface.  

The  terms  chosen  for use  in  th is  document are  MONITOR,  GENERATE ,  SELECT  and  EXECUTE  and  
their defi n i tions  have  been  mod i fied  for appl ication  to  MEE  and  MES .  

A.5  Approaches  to  define  ROBOT  and  MEDICAL ROBOT  

This  document adopted  the  defin i tions  of ROBOT  and  MEDICAL ROBOT  as  

ROBOT  
programmed  actuated  mechan ism  wi th  a  DEGREE  OF  AUTONOMY ,  moving  wi th in  i ts  environment,  
to  perform  i n tended  TASKS  

[SOURCE:  I SO  8373: 201 2,  2 . 6 ,  mod i fied  – The  phrase  "actuated  mechan ism  programmable  
i n  two or more  axes"  was  replaced  wi th  "programmed  actuated  mechan ism". ]  

MEDICAL ROBOT  

ROBOT  i n tended  to  be  used  as  MEE  or MES  

The  defin i tion  of ROBOT  i s  bas ical l y i dentica l  to  that agreed  upon  by I SO/TC 299.  TC 299  
decided  to  change  i ts  defi n i tion  i n  I SO  8373: 201 2  as  stated  above.  

S ince  the  defin i tion  of MEDICAL ROBOT  i s  based  on  that of ROBOT ,  a  MEDICAL ROBOT  has  the  
fol l owing  properties:  

– programmed,  actuated  mechan ism ;  

– a  DEGREE  OF  AUTONOMY;  and  

– moving  wi th in  i ts  envi ronment.  

These  characteristics  can  be  found  i n  vast types  of modern  mach ines ;  therefore  th is  defin i tion  
i s  not to  set normative  boundaries  to  d is ti ngu ish  ROBOT  from  other mach inery;  rather i t  i s  a  
conceptual  defin i ti on  determ ined  by i ts  MANUFACTURER .  

A.6  Conclusions  

DEGREE  OF  AUTONOMY  i s  found  i n  many MEE  and  MES ;  however,  MEDICAL ROBOTS  are  the  most  
typica l  examples  of MEE  and  MES  wi th  both  l ower and  h i gher DOA.  

An  MEE  or MES  i s  a  MEDICAL ROBOT  when  the  defin i tion  of ROBOT  i s  satisfied  and  the  
MANUFACTURER  i n tends  the  MEE  or MES  to  be  a  ROBOT.  

 

International  Electrotechnical  Commission

 



 – 32  – I EC TR 60601 -4-1 : 201 7    I EC  201 7  

Annex B  
(informative)  

 
DOA  and  relevant terms used  in  MEE  standards  

B.1  General  

After defin ing  the  terms  and  the  framework of DOA,  i t  was  appl ied  to  the  existing  standards  for 
MEE  by defin ing  a  l i st  of keywords,  wh ich  are  s im i l ar to  AUTOMATIC  or AUTONOMOUS   
(Table  B. 2).  

Th is  i s  an  i n i ti a l  study to  focus  further i nvestigation  so  the  assessment of the  re levance cou ld  
be  more  harmon ized  and  the  selection  of keywords  cou ld  be  improved .  The  review is  l ikel y to  
grow i n  content  as  add i ti onal  med ica l  s tandards  are  i ncluded .  

B.2  Procedure  

The fol l owing  procedure  was  performed:  

a)  a  l i s t of 74  s tandards  appl icable  for med ical  products  wi th  current vers ions  was  generated  
(see  Table  B . 2);  

b)  a  non-exhaustive  l i s t  of terms  that i nd icate  the  use  of AUTONOMY  was  generated   
(see  Table  B . 1 ).  The  terms  were  included  (or considered  re levant)  i f they had  a  re lation  to  
the  framework set ou t  in  th is  document based  on  the  fol lowing  characteristi cs:  

1 )  use  of a lgori thm(s),  

2)  d i rect re lationsh ip  to  AUTONOMY,  and  

3)  re lationsh ip  to  the  defined  framework (MONITOR-GENERATE-SELECT-EXECUTE  (MGSE)) .  

c)  a l l  s tandards  were  searched  for the  terms  generated  in  b);  

d )  the  terms  i denti fied  were  assessed  regard ing  thei r re levance regard ing  AUTONOMY  and  DOA  
as  defi ned  i n  th is  document.  

B.3  Resul ts  

B.3. 1  Summary 

The resu l ts  are  the  fol lowing :  

a)  31  of the  74  standards  do  not use  the  keywords  for AUTONOMY.  I t  can  be  assumed  they are  
not us ing  AUTONOMOUS  capabi l i ties  i n  MEE  or MESS ;  

b)  43  of the  74  standards  use  the  keywords  for AUTONOMY  i n  a  re levant way.  I t  can  therefore 
be  assumed  they are  us ing  AUTONOMOUS  capabi l i ti es  i n  MEE  or MESs;  and  

c)  some inconsistencies  were  found  (see  Table  B. 3) .  I t  i s  advisable  to  review the  i den ti fi ed  
standards  i n  Table  B. 3  during  the  next main tenance cycle  and  a l i gn  wi th  the  proposed  DOA  
framework presented  i n  th is  document.  

NOTE  Table  B . 1  and  Table  B . 2  are  as  of J anuary 201 6,  and  these  are  i n formative  and  not  i n tended  to  g i ve  the  
complete  l i s t.  
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B.3.2  Tables  

Table  B . 1  – List  of terms that  ind icate  the  use of AUTONOMY  

Terms  Defined?  Standard  Defin i tion  

adaptive  D i fferen tl y  -   -  

a l gori thm  Yes  
I EC 
TR 62390: 2005,  
3 . 1 . 1  

Completel y determ ined  fi n i te  sequence  of i nstructions  by 
wh ich  the  val ues  of the  ou tpu t  variables  can  be  calcu l ated  
from  the  val ues  of the  i npu t  variabl es   

AUTONOMY  D i fferentl y  -  -  

au tomated  D i fferentl y  -  -  

AUTOMATIC  Yes  
I EC 62443-3-
3: 201 3,  3 . 1 . 7  

PROCESS  or equ ipment  that,  u nder speci fi ed  cond i ti ons,  
functions  wi thout  human  i n terven tion  

AUTONOMY  No  -  -  

decide  No  -  -  

deci s ion  D i fferentl y  -  -  

detection  Yes   
I EC  60947-
2 : 2006,  B . 2 . 3. 4  

Function  consisti ng  of sens ing  the  presence  of a  res idual  
curren t  

GENERATE  D i fferen tl y  -  -  

i ndependent  Yes  
I EC 60730-
1 : 201 3,  H . 2 . 20. 4  

Not  be ing  adversel y i n fl uenced  by the  con trol  data  fl ow and  
not  be i ng  impai red  by fa i l u re  of other control  functions,  or 
by common  mode  effects   

i n te l l i gence  No  -  -  

i n te l l i gent  D i fferen tl y  -  -  

neu ral  network  No  -  -  

predeterm ined  Di fferen tl y  -  -  

ROBOT  No  -  -  

sel f-governed  No  -  -  

sel f-govern ing   No  -  -  

sel f-operati ng  No  -  -  

wi thout OPERATOR  
i n tervention  

No  -  -  
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Table  B .2  – List of reviewed  standards  – sorted  by standard  number  (1  of 4)  

Standard  Version  Standard  name  

I EC 60601 -1  

Ed i ti on  3. 1   

2005/AMD 1 : 201 2  

Medical electrical equipment – Part 1: General requirements for  basic 
safety and essential performance 

I EC 60601 -1 -2  

Ed i ti on  4 . 0   

201 4  

Medical electrical equipment – Part 1-2: General requirements for  basic 
safety and essential performance – Collateral Standard: Electromagnetic 
disturbances – Requirements and tests 

I EC 60601 -1 -3  

Ed i ti on  2 . 1   

2008/AMD1 : 201 3  

Medical electrical equipment – Part 1-3: General requirements for basic 
safety and essential performance – Collateral Standard: Radiation 
protection in diagnostic X-ray equipment 

I EC 60601 -1 -6  

Ed i ti on  3. 1   

201 0AMD1 : 201 3  

Medical electrical equipment – Part 1-6: General requirements for  basic 
safety and essential performance – Collateral standard: Usability 

I EC 60601 -1 -8  

Ed i ti on  2 . 1  
2006/AMD1 :  201 2  

Medical electrical equipment – Part 1 -8:  General requirements for 
basic safety and essential performance – Collateral standard:  
General requirements,  tests and guidance for alarm systems in  
medical electrical equipment and medical electrical systems 

I EC 60601 -1 -9  

Ed i ti on  1 . 1   

2007/AMD1 : 201 3  

Medical electrical equipment – Part 1 -9:  General requirements for 
basic safety and essential performance – Collateral Standard:  
Requirements for environmentally conscious design  

I EC 60601 -1 -1 0  

Ed i ti on  1 . 1   

2007/AMD1 : 201 3  

Medical electrical equipment – Part 1 -10:  General requirements 
for basic safety and essential performance – Collateral Standard: 
Requirements for the development of physiologic closed-loop 
controllers 

I EC 60601 -1 -1 1  

Ed i ti on  2 . 0   

201 5  

Medical electrical equipment – Part 1 -11 :  General requirements 
for basic safety and essential performance – Collateral Standard: 
Requirements for  medical electrical equipment and medical 
electrical systems used in  the home healthcare environment  

I EC 60601 -1 -1 2  

Ed i ti on  1 . 0   

201 4  

Medical electrical equipment – Part 1 -12:  General requirements 
for basic safety and essential performance – Collateral Standard: 
Requirements for  medical electrical equipment and medical 
electrical systems  intended for use in  the emergency medical 
services environment 

I EC 60601 -2-1  

Ed i ti on  3. 1   

2009/AMD1 : 201 4  

Medical electrical equipment – Part 2-1 :  Particular requirements 
for the basic safety and essential performance of electron 
accelerators in  the range 1  MeV to 50 MeV 

I EC 60601 -2-2  

Ed i ti on  5. 0   

2009  

Medical electrical equipment – Part 2-2:  Particular requirements 
for the basic safety and essential performance of high frequency 
surgical equipment and high frequency surgical accessories  

I EC 60601 -2-3  

Ed i ti on  3. 1   

201 2/AMD1 : 201 6  

Medical electrical equipment – Part 2-3:  Particular requirements 
for the basic safety and essential performance of short-wave 
therapy equipment 

I EC 60601 -2-4  

Ed i ti on  3. 0   

201 0  

Medical electrical equipment – Part 2-4:  Particular requirements 
for the basic safety and essential performance of cardiac 
defibrillators 

I EC 60601 -2-5  

Ed i ti on  3. 0   

2009  

Medical electrical equipment – Part 2-5:  Particular requirements 
for the basic safety and essential performance of ultrasonic 
physiotherapy equipment  

I EC 60601 -2-6  

Ed i ti on  2 . 1   

201 2/AMD1 : 201 6  

Medical electrical equipment – Part 2-6:  Particular requirements 
for the basic safety and essential performance of microwave 
therapy equipment  

I EC 60601 -2-8  

Ed i ti on  2 . 1   

201 0/AMD1 : 201 5  

Medical electrical equipment – Part 2-8:  Particular requirements 
for the basic safety and essential performance of therapeutic X-
ray equipment operating in  the range 10 kV to 1  MV  

I EC 60601 -2-1 0  

Ed i ti on  2 . 1   

201 2/AMD1 : 201 6  

Medical electrical equipment – Part 2-10:  Particular requirements 
for the basic safety and essential performance of nerve and 
muscle stimulators  

I EC 60601 -2-1 1  

Ed i ti on  3. 0   

201 3  

Medical electrical equipment – Part 2-11 :  Particular requirements 
for the basic safety and essential performance of gamma beam 
therapy equipment  

 

  

International  Electrotechnical  Commission

 



I EC TR 60601 -4-1 : 201 7    I EC  201 7  – 35  –  

Table  B .2  (2 of 4)  

Standard  Version  Standard  name  

I SO  80601 -2-1 2  

Ed i ti on  1 . 0   

201 1  

Medical electrical equipment – Part 2-12:  Particular requirements 
for basic safety and essential performance of critical care 
ventilators 

I SO  80601 -2-1 3  

Ed i ti on  1 . 1   

201 1 /AMD1 : 201 5  

Medical electrical equipment – Part 2-13:  Particular requirements 
for basic safety and essential performance of an  anaesthetic 
workstation  

I EC 60601 -2-1 6  

Ed i ti on  4 . 0   

201 2  

Medical electrical equipment – Part 2-16:  Particular requirements 
for the basic safety and essential performance of haemodialysis,  
haemodiafiltration and haemofiltration  equipment 

I EC 60601 -2-1 7  

Ed i ti on  3. 0   

201 3  

Medical electrical equipment – Part 2-17:  Particular requirements 
for the basic safety and essential performance of automatically- 
controlled brachytherapy afterloading equipment 

I EC 60601 -2-1 8  

Ed i ti on  3. 0   

2009  

Medical electrical equipment – Part 2-18:  Particular requirements 
for the basic safety and essential performance of endoscopic 
equipment 

I EC 60601 -2-1 9  

Ed i ti on  2 . 1   

2009/AMD1 : 201 6  

Medical electrical equipment – Part 2-19:  Particular requirements 
for the basic safety and essential performance of infant incubators  

I EC 60601 -2-20  

Ed i ti on  2 . 1   

2009/AMD1 : 201 6  

Medical electrical equipment – Part 2-20:  Particular requirements 
for the basic safety and essential performance of infant transport 
incubators  

I EC 60601 -2-21  

Ed i ti on  2 . 1   

2009/AMD1 : 201 6  

Medical electrical equipment – Part 2-21 :  Particular requirements 
for the basic safety and essential performance of infant radiant 
warmers 

I EC 60601 -2-22  

Ed i ti on  3. 1   

2007/AMD1 : 201 2  

Medical electrical equipment – Part 2-22:  Particular requirements 
for basic safety and essential performance of surgical,  cosmetic,  
therapeutic and diagnostic laser equipment 

I EC 60601 -2-23  

Ed i ti on  3. 0   

201 1  

Medical electrical equipment – Part 2-23:  Particular requirements 
for the basic safety and essential performance of transcutaneous 
partial pressure monitoring equipment 

I EC 60601 -2-24  

Ed i ti on  2 . 0   

201 2  

Medical electrical equipment – Part 2-24:  Particular requirements 
for the basic safety and essential performance of infusion pumps 
and controllers 

I EC 60601 -2-25  

Ed i ti on  2 . 0   

201 1  

Medical electrical equipment – Part 2-25:  Particular requirements 
for the basic safety and essential performance of 
electrocardiographs 

I EC 60601 -2-26  

Ed i ti on  3. 0   

201 2  

Medical electrical equipment – Part 2-26:  Particular requirements 
for the basic safety and essential performance of 
electroencephalographs 

I EC 60601 -2-27  

Ed i ti on  3. 0   

201 1  

Medical electrical equipment – Part 2-27:  Particular requirements 
for the basic safety and essential performance of 
electrocardiographic monitoring equipment 

I EC 60601 -2-28  

Ed i ti on  2 . 0   

201 0  

Medical electrical equipment – Part 2-28:  Particular requirements 
for basic safety and essential performance of X-ray tube 
assemblies for medical diagnosis 

I EC 60601 -2-29  

Ed i ti on  3. 0   

2008  

Medical electrical equipment – Part 2-29:  Particular requirements 
for the basic safety and essential performance of radiotherapy 
simulators 

I EC 80601 -2-30  

Ed i ti on  1 . 1   

2009/AMD1 : 201 3  

Medical electrical equipment – Part 2-30:  Particular requirements 
for the basic safety and essential performance of automated non-
invasive sphygmomanometers 

I EC 60601 -2-31  

Ed i ti on  2 . 0   

2008  

Medical electrical equipment – Part 2-31 :  Particular requirements 
for the basic safety and essential performance of external cardiac 
pacemakers with internal power source  
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Table  B .2  (3 of 4)  

Standard  Version  Standard  name  

I EC 60601 -2-33  

Ed i ti on  3. 2   

201 0/AMD1 : 201 3/AMD2: 201 5  

Medical electrical equipment – Part 2-33:  Particular 
requirements for the basic safety and essential 
performance of magnetic resonance equipment for medical 
diagnosis  

I EC 60601 -2-34  

Ed i ti on  3. 0   

201 1  

Medical electrical equipment – Part 2-34:  Particular 
requirements for the basic safety and essential 
performance of invasive blood pressure monitoring 
equipment  

I EC 80601 -2-35  

Ed i ti on  2 . 1   

2009/AMD1 : 201 6  

Medical electrical equipment – Part 2-35:  Particular 
requirements for the basic safety and essential 
performance of heating devices using blankets,  pads or 
mattresses and intended for heating in  medical use  

I EC 60601 -2-37  

Ed i ti on  2 . 1   

2007/AMD1 : 201 5  

Medical electrical equipment – Part 2-37:  Particular 
requirements for the basic safety and essential 
performance of ultrasonic medical diagnostic and 
monitoring equipment 

I EC 60601 -2-39  

Ed i ti on  2 . 0   

2007  

Medical electrical equipment – Part 2-39:  Particular 
requirements for basic safety and essential performance 
of peritoneal dialysis equipment  

I EC 60601 -2-41  

Ed i ti on  2 . 1   

2009/AMD1 : 201 3  

Medical electrical equipment – Part 2-41 :  Particular 
requirements for the basic safety and essential 
performance of surgical luminaires and luminaires for 
diagnosis  

I EC 60601 -2-43  

Ed i ti on  2 . 0   

201 0  

Medical electrical equipment – Part 2-43:  Particular 
requirements for the basic safety and essential 
performance of X-ray equipment for interventional 
procedures 

I EC 60601 -2-44  

Ed i ti on  3. 2   

2009/AMD1 : 201 2/AMD2: 201 6  

Medical electrical equipment – Part 2-44:  Particular 
requirements for the basic safety and essential 
performance of X-ray equipment for computed tomography  

I EC 60601 -2-45  

Ed i ti on  3. 1   

201 1 /AMD1 : 201 5  

Medical electrical equipment – Part 2-45:  Particular 
requirements for the basic safety and essential 
performance of mammographic X-ray equipment and 
mammographic stereotactic devices 

I EC 60601 -2-46  

Ed i ti on  3. 0   

201 6  

Medical electrical equipment – Part 2-46:  Particular 
requirements for the basic safety and essential 
performance of operating tables 

I EC 60601 -2-47  

Ed i ti on  2 . 0   

201 2  

Medical electrical equipment – Part 2-47:  Particular 
requirements for the basic safety and essential 
performance of ambulatory electrocardiographic systems 

I EC 60601 -2-49  

Ed i ti on  2 . 0   

201 1  

Medical electrical equipment – Part 2-49:  Particular 
requirements for the basic safety and essential 
performance of multifunction patient monitoring equipment 

I EC 60601 -2-50  

Ed i ti on  2 . 1   

2009/AMD1 : 201 6  

Medical electrical equipment – Part 2-50:  Particular 
requirements for the basic safety and essential 
performance of infant phototherapy equipment 

I EC 60601 -2-52  

Ed i ti on  1 . 1   

2009/AMD1 : 201 5  

Medical electrical equipment – Part 2-52:  Particular 
requirements for the basic safety and essential 
performance of medical beds 

I EC 60601 -2-54  

Ed i ti on  1 . 1   

2009/AMD1 : 201 5  

Medical electrical equipment – Part 2-54:  Particular 
requirements for the basic safety and essential 
performance of X-ray equipment for radiography and 
radioscopy 

I SO  80601 -2-55  

Ed i ti on  1 . 0   

201 1  

Medical electrical equipment – Part 2-55:  Particular 
requirements for the basic safety and essential 
performance of respiratory gas monitors 

I SO  80601 -2-56  

Ed i ti on  1 . 0   

2009  

Medical electrical equipment – Part 2-56:  Particular 
requirements for basic safety and essential performance 
of clinical thermometers for body temperature 
measurement 
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Standard  Version  Standard  name  

I EC 60601 -2-57  

Ed i ti on  1 . 0   

201 1  

Medical electrical equipment – Part 2-57:  Particular 
requirements for the basic safety and essential 
performance of non-laser light source equipment intended 
for therapeutic,  diagnostic,  monitoring and 
cosmetic/aesthetic use  
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Table  B .2  (4 of 4)  

Standard  Version  Standard  name  

I EC 80601 -2-58  

Ed i ti on  2 . 1   

201 4/AMD1 : 201 6  

Medical electrical equipment – Part 2-58:  
Particular requirements for the basic 
safety and essential performance of lens 
removal devices and vitrectomy devices 
for ophthalmic surgery 

I EC 80601 -2-59  

Ed i ti on  1 . 0   

2008  

Medical electrical equipment – Part 2-59:  
Particular requirements for the basic 
safety and essential performance of 
screening thermographs for human febrile 
temperature screening 

I EC 80601 -2-60  

Ed i ti on  1 . 0   

201 2  

Medical electrical equipment – Part 2-60:  
Particular requirements for the basic 
safety and essential performance of 
dental equipment 

I SO  80601 -2-61  

Ed i ti on  1 . 0   

201 1  

Medical electrical equipment – Part 2-61 :  
Particular requirements for basic safety 
and essential performance of pulse 
oximeter equipment 

I EC 60601 -2-63  

Ed i ti on  1 . 0   

201 2  

Medical electrical equipment – Part 2-63:  
Particular requirements for the basic 
safety and essential performance of 
dental extra-oral X-ray equipment 

I EC 60601 -2-65  

Ed i ti on  1 . 0   

201 2  

Medical electrical equipment – Part 2-65:  
Particular requirements for the basic 
safety and essential performance of 
dental intra-oral X-ray equipment  

I SO  80601 -2-67  

Ed i ti on  1 . 0   

201 4  

Medical electrical equipment – Part 2-67:  
Particular requirements for basic safety 
and essential performance of oxygen 
conserving equipment 

I EC 60601 -2-68  

Ed i ti on  1 . 0   

201 4  

Medical electrical equipment – Part 2-68:  
Particular requirements for basic safety 
and essential performance of X-ray based 
image-guided radiotherapy equipment for 
use with electron accelerators,  light ion 
beam therapy equipment and radionuclide 
beam therapy equipment 

I SO  80601 -2-69  

Ed i ti on  1 . 0   

201 4  

Medical electrical equipment – Part 2-69:  
Particular requirements for basic safety 
and essential performance of oxygen 
concentrator equipment 

I SO  80601 -2-70  

Ed i ti on  1 . 0   

201 5  

Medical electrical equipment – Part 2-70:  
Particular requirements for basic safety 
and essential performance of sleep 
apnoea breathing therapy equipment 

I SO  80601 -2-72  

Ed i ti on  1 . 0   

201 5  

Medical electrical equipment – Part 2-72:  
Particular requirements for basic safety 
and essential performance of home 
healthcare environment ventilators for 
ventilator-dependent patients 

I EC 62083  

Ed i ti on  1 . 0   

2009  

Medical electrical equipment – 
Requirements for the safety of 
radiotherapy treatment planning systems 

I EC 62304  

Ed i ti on  1 . 1   

2006/AMD1 : 201 5  

Medical device software – Software life-
cycle processes 

I EC 62366-1  
Ed i ti on  1 . 0   

201 5  

Medical devices – Part 1 :  Application of 
usability engineering to medical devices 

I EC 62366-2  
Ed i ti on  1 . 0   

201 6  

Medical devices – Part 2:  Guidance on the 
application of usability engineering to 
medical devices 
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Standard  Version  Standard  name  

I EC TR 80002-1  

Ed i ti on  1 . 0   

2009  

Medical device software – Part 1 :  
Guidance on  the application of ISO 14971  
to medical device software  

I EC TR 60601 -4-3  

Ed i ti on  1 . 0   

201 5  

Medical electrical equipment – Part 4-3:  
Guidance and interpretation – 
Considerations of unaddressed safety 
aspects in  the third edition of IEC 60601 -1  
and proposals for new requirements 

I SO  1 0651 -6  

Ed i ti on  1 . 0   

2004  

Lung ventilators for medical use – 
Particular requirements for basic safety 
and essential performance – Part 6:  
Home-care ventilatory support devices 

I SO  TR 24971  

Ed i ti on  1 . 0   

201 3  

Medical devices – Guidance on  the 
application of ISO 14971  

I SO  1 4971  

Ed i ti on  2 . 0   

2007  

Medical devices – Application of risk 
management to medical devices 
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Table  B .3  – List of i denti fied  in con sisten cies  in  reviewed  standard s  (1  of 2)  

Term  Subcl ause  Text  Recom mend ation  

I EC  60601 -2-1 : 2009  

AUTOMATIC  201 . 9. 2 . 1  General  NOTE  1  The  ph rase  " to  set-up  
au tomatical l y"  or "AUTOMATIC  set-up"  
i s  used  to  denote  the  moving  of MEE  
parts  au tomatical l y to  the  posi ti ons  
requ i red  for the  s tart  of a  PATIENT  
treatment.  

The  term  i s  i ncons istent  wi th  
the  understand ing  of the  term  
AUTOMATIC  and  usage  wi th i n  
DOA  as  d i scussed  i n  th i s  
document.  

Clari fi cation :  Wi th  the  new 
defi n i ti on  of AUTOMATIC  th i s  
shou ld  be  changed  to  a  
d i fferent  term  (e. g .  au to-
assistance),  because  
AUTOMATIC  i s  wi thou t 
OPERATOR  i n terven ti on  and  
does  not  requ i re  conti nuous  
acti vati on .  

pre-programmed  201 . 9. 2 . 1  General  NOTE  2  The  term  "pre-programmed  
movements"  i s  used  where  
movement of MEE  parts  takes  p l ace  
accord i ng  to  a  previous l y p l anned  
programme,  wi thou t i n tervention  by 
the  OPERATOR ,  d u ri ng  a  PATI ENT  
treatment;  the  treatment i s  referred  
to  as  a  "pre-prog rammed  treatment" .  

The  term  pre-programmed  can  
be  confus i ng  wi th  the  use  of 
AUTOMATIC .  I t  i s  recommended  
to  consider the  remain i ng  use  
of pre-programmed .  

Clari fi cation :  The  term  “pre-
programmed”  i s  understood  as  
AUTOMATIC .  I t  i s  advi sabl e  to  
change  i t  i n  the  next 
main tenance  cycle  of the  
s tandard  

IEC  60601 -2-4: 201 0  

AUTOMATIC  201 . 3. 201  Au tomated  external  d efibri l l ator 
(AED)  that,  once  acti vated  by the  
OPERATOR ,  analyses  the  ECG  
obtai ned  from  electrodes  p l aced  on  
the  PATI ENT ’S  ski n ,  i d enti fi es  
shockable  card i ac rhythms,  and  
au tomatical l y operates  the  
defibri l l ator when  a  shockable  rhythm  
i s  detected ,  hereinafter referred  to  as  
an  AED.  

NOTE  3  AEDs  can  provide  varyi ng  
l evel s  of au tomation  and  be  referred  
to  by various  terms.  A sem i -
AUTOMATIC  d efibri l l ator requ i res  
manual  shock acti vati on .  A fu l l y 
AUTOMATIC  d efibri l l ator wi l l  provide  
shock wi thou t OPERATOR  i n terven ti on .  

These  sem i -AUTOMATIC  and  
AUTOMATIC  fu ncti ona l i ti es  of 
AEDs  have  d i fferent  DOA  and  
can  operate  even  wi thou t the  
OPERATOR .  Therefore  i t  can  be  
more  than  “AUTOMATIC” .  

sem i -AUTOMATIC :  MON I TORING  
or GENERATI Ng  OPTION (S)  or 
EXECUTI NG  i s  done  by the  MEE .  
SELECTI NG  an  OPTION  i s  done  
by the  OPERATOR .  

AUTOMATIC :  wou l d  be  fu l l  
AUTONOMY  because  MGSE  i s  a l l  
done  by the  MEE .  The  term  
“AUTOMATIC”  here  i s  used  for 
fu l l  AUTONOMY  whereas  i n  th i s  
framework the  term  AUTOMATIC  
i s  seen  as  a  l ow DEGREE  OF  
AUTONOMY  

C l ari fi cation :  I nstead  of “sem i -
AUTOMATIc”  e. g .  DOA  1 3  ou t  of 
1 5  vi a  the  b i nary method  (see  
Annex C)  can  be  used .  

The  term  AUTOMATIC  can  be  
rep laced  by the  term  
AUTONOMOUS .  
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Table  B .3  (2 of 2)  

Term  Su bcl ause  Text  Recommend ation  

AUTOMATIC  201 . 3 . 21 6  Selected  energy:  energy wh ich  the  
defibri l l ator i s  i n tended  to  del i ver,  
as  determ ined  by the  setti ng  of a  
manual  control  or by an  AUTOMATIC  
protocol  

Th i s  AUTOMATIC  fu nctional i ty 
of the  AEDs  has  d i fferen t 
DEGREES  OF  AUTONOMY  and  
can  operate  even  wi thout  the  
OPERATOR .  Therefore  i t  can  
be  more  than  “AUTOMATIC ” .  

detection  201 . 7. 9. 2 . 1 01  i )  The  RRD has  conti nued  analys ing  
ECG  after the  i n i ti a l  shockable  
rhythm  detection  and  has  then  
detected  a  non-shockabl e  rhythm ;  

The  term  “detection ”  wou l d  be  
s im i l ar to  the  term  
“MON I TORING ”  used  i n  the  DOA  
framework.  

detection  201 . 8. 5. 5. 1 01  Defibri l l ators  requ i ri ng  an  
impedance  wi th i n  a  certa in  range  to  
be  present at  the  ou tpu t  of the  
DISCHARGE  CI RCU IT  are  to  be  tested  
connected  to  a  50  W  resi sti ve  l oad .  
I n  the  case  of d efibri l l ators  
requ i ri ng  the  detection  of a  
shockable  ECG  i n  order to  del i ver a  
shock,  an  ECG  s imu lator 
i ncorporati ng  a  50  W  resi sti ve  l oad  
i s  to  be  used .  

The  term  “detection ”  wou l d  be  
s im i l ar to  the  term  
“MON I TORING ”  used  i n  the  DOA  
framework.  

I SO  80601 -2-1 2: 201 1  

AUTOMATIC   201 . 3 . 222  VENTI LATOR:  MEE  i n tended  to  
au tomatical l y augment or provi de  
venti l ati on  of the  l ungs  of the  
PATIENT  when  connected  to  the  
a i rway of the  PATIENT  

Th i s  function  can  have  
d i fferen t DOA  and  can  operate  
even  wi thou t the  OPERATOR .  
Therefore  i t  can  be  more  than  
“AUTOMATI C” .  

Clari fi cation :  Defi n i ng  DOA  of 
the  vari ous  ven ti l ator MEE  can  
help  to  d i fferenti ate  between  
the  vari ous  appl i cati ons.  

IEC  60601 -2-68: 201 4  

AUTOMATIC  201 . 9. 2 . 1  General  NOTE  4  The  ph rase  ' to  set-up  
AUTOMATICALLY '  or 'AUTOMATI C  set-
up'  i s  used  to  denote  the  movi ng  of 
MEE  parts  AUTOMATICALLy to  the  
pos i ti ons  requ i red  for the  s tart  of a  
PATIENT  treatment  or imag i ng .  

The  term  i s  i ncons isten t  wi th  
the  understand i ng  of the  term  
AUTOMATIC  and  usage  wi th i n  
DOA  as  d i scussed  i n  th i s  
document.  

Clari fi cation :  Wi th  the  new 
defi n i ti on  of AUTOMATIC  th i s  
part  needs  to  be  reconsi dered  
to  be  changed  to  a  d i fferen t 
term ,  e . g .  au to-assistance,  
because  AUTOMATIC  i s  wi thou t 
OPERATOR  i n terven ti on  and  
does  not  requ i re  conti nuous  
acti vati on .  

AUTOMATIC  201 . 9. 2 . 1  General  NOTE  5  The  term  "pre-
programmed  movements"  i s  used  
where  movement  of MEE  parts  takes  
p l ace  accord i ng  to  a  previ ous l y 
p l anned  prog ramme,  wi thou t 
i n tervention  by the  OPERATOR,  
d uri ng  a  PATI ENT  treatment;  the  
treatment  i s  referred  to  as  a  "pre-
programmed  treatment" .  

The  term  pre-programmed  
can  be  confusing  wi th  the  use  
of AUTOMATIC .  I t  i s  
recommended  to  cons i der the  
remain ing  use  of pre-
programmed .  

Clari fi cation :  The  term  “pre-
programmed”  i s  understood  
as  AUTOMATIC .  I t  i s  advi sable  
to  change  i t  i n  the  next  
main tenance  cycle  of the  
standard .  
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Annex C  
(informative)  

 
Exemplar methods  for classifying  DEGREE OF  AUTONOMY  

C.1  Descriptive method  

The descripti ve  method  defines  1 0  degrees  of AUTONOMY .  Th is  method  employs  an  adapted  
vers ion  of the  taxonomy defined  by Kaber and  Ends ley

 
[70] .  I n  order to  d i fferentiate  between  

those  degrees  of AUTONOMY  they i n troduced  four generic functions  in trinsic to  the  domains  of 
con trol  and  operation ,  namely:  

– MONITOR;  

–  GENERATE  OPTIONS ;  

– SELECT  an  OPTION ;  and  

– EXECUTE  the  chosen  OPTION .  

The  1 0  degrees  of AUTONOMY  of the  descripti ve  method  are  l i sted  and  described  in  Table  C. 1 .  
Each  generic  function  can  be  carried  ou t  by a  human  (abbreviated  “H ”)  or by a  computer i n  
the  MEE /MES  (abbreviated  “C”)  and  M ,  G ,  S ,  E  are  the  MONITOR,  GENERATE ,  SELECT  and  
EXECUTE  TASKS .  

I n  many cases  i t  i s  not poss ib le  to  ass ign  a  generic function  completel y to  the  human  or to  the  
computer.  The  responsib i l i ty for the  generic function  i s  then  shared  between  the  human  and  
the  compu ter ( ind icated  by “H /C”  i n  Table  C. 1 ) .  For example,  when  us ing  a  te le-operated  (TO)  
robotic surg ical  device  the  surgeon  (OPERATOR)  mon i tors  the  actions  visual l y,  wh i l e  the  
computer mon i tors  forces  and  provides  feedback to  the  OPERATOR.  
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Table  C . 1  – Descriptive  classification  of DOA  

Degree  Mnem.  Description  M  G  S  E  

1  FM  

Fu l l  manual  (FM):  No  AUTONOMY  i n vol ved .  The  
OPERATOR  performs  a l l  TASKS  to  MON ITOR  the  state  of 
the  system ,  GENERATE  performance  OPTIONS ,  SELECT  
the  OPTION  to  perform  (decis ion  making)  and  EXECUTE  
the  decis ion  made,  i . e .  physica l l y implementi ng  i t.  

H  H  H  H  

2  TO  

Teleoperati on  (TO):  The  MEE  o r MES  ass i sts  the  
OPERATOR  to  EXECUTE  the  sel ected  action ,  a l though  
conti nuous  OPERATOR  con tro l  i s  requ i red .  The  
OPERATOR  performs  a l l  TASKS  to  MON ITOR  the  state  of 
the  MEE  or  M ES ,  GENERATE  OPTIONS ,  SELECT  the  des i red  
OPTION  to  EXECUTE  and  then  to  actual l y EXECUTE  i t .  
(Master–Slave  te l eoperation . ) .  

H /C  H  H  H /C  

3  PE 
Pre-programmed execution  (PE):  The  OPERATOR  carries  
ou t  the  GENERATE   and  SELECT  acti vi ti es  wi thout  any 
anal ys i s  or sel ection  carri ed  ou t  by the  MEE  or  MES .  

H /C  H  H  C  

4  SD  

Shared  decis ion  (SD):  Both  the  OPERATOR  and  the  MEE  
or MES  GENERATE  possib l e  OPTIONS .  The  OPERATOR  
reta i ns  fu l l  control  over the  SELECT  TASK.  Both  the  
OPERATOR  and  the  MEE  parti cipate  i n  the  EXECUTE  
TASK.  

H /C  H /C  H  H /C  

5  DS  

Decis ion  support  (DS):  MEE  performs  the  GENERATE  
OPTIONS  TASK,  wh ich  the  OPERATOR  can  SELECT  from ,  
or the  OPERATOR  can  GENERATE  a l ternati ve  OPTIONS .  
Once  the  OPERATOR  has  SELECTED  an  OPTION ,  i t  i s  
tu rned  over to  the  MEE  o r MES  to  EXECUTE  i t.  

H /C  H /C  H  C  

6  BD  

B lended  decis ion  (BD):  The  MEE  or MES  GENERATES  
OPTIONS ,  wh ich  i t  SELECTS  from  and  EXECUTES  i f the  
OPERATOR  consents.  The  OPERATOR  can  a l so  
GENERATE  and  SELECT  an  a l ternati ve  OPTION ;  the  MEE  
wi l l  then  carry ou t  the  EXECUTE  TASK.  BD  represents  a  
h i gh -l evel  decis ion  support  system  that  i s  able  to  
SELECT  among  a l ternati ves  as  wel l  as  EXECUTE  th e  
chosen  OPTION .  

H /C  H /C  H /C  C  

7  GD  

Gu ided  decis ion  (GD):  The  MEE  or MES  presents  a  set  
of actions  to  the  OPERATOR .  The  OPERATOR ’S  ro l e  i s  to  
SELECT  from  among  th i s  set;  he/she  cannot  GENERATE  
any other add i ti ona l  OPTI ONS .  The  MEE  wi l l  fu l l y 
EXECUTE  th e  chosen  OPTION .  

H /C  C  H  C  

8  AD  

AUTONOMOUS  d eci s ion  (AD):  The  MEE  o r MES  SELECTS  
the  best  OPTI ON  and  EXECUTES  i t ,  based  on  the  
GENERATE  TASK  ( th i s  l i s t  can  be  augmented  by 
a l ternati ves  suggested  by the  OPERATOR) .  

H /C  H /C  C  C  

9  OM  

OPERATOR  MON ITORING  (OM):  The  MEE  o r MES  
GENERATES  OPTIONS ,  SELECTS  the  OPTION  to  implement  
and  EXECUTES  i t .  The  OPERATOR  MON ITORS  the  MEE  or 
MES  and  i n tervenes  i f necessary.  I n tervention  pl aces  
the  human  i n  the  role  of SELECTING  a  d i fferent  OPTION .  
Duri ng  the  procedu re,  there  can  be  decis ion -making  
poin ts  that  wi l l  be  deci ded  by the  MEE  or  M ES .  

H /C  C  C  C  

1 0  FA 
Fu l l  AUTONOMY  (FA):  The  MEE  or MES  carri es  ou t  a l l  
MGSE  acti ons.  The  OPERATOR  d oes  not  i n tervene  
except  to  emergency-stop  the  MEE  or  MES .  

C  C  C  C  

 

C.2  Binary method  

The b inary method  defines  1 6  degrees  of AUTONOMY  and  i s  a lso  based  on  the  taxonomy 
defined  by Kaber and  Endsley

 
[70] .  The  four generic functions  (MONITOR,  GENERATE  OPTIONS ,  

SELECT an  OPTION ,  and  EXECUTE  the  chosen  OPTION )  can  be  carried  ou t e i ther by an  OPERATOR  
or by the  MEE  or MES .  Th is  consti tu tes  the  1 6  OPTIONS  l i s ted  i n  Table  C. 2 .  An  i ncreasing  
“ i ndex”  i n  the  table  reflects  i ncreasing  DOA;  however when  appl ying  th is  method  i t  m ight be  
necessary to  adapt the  order of the  i ndexes  when  appl ying  i t  to  a  speci fic s i tuation .  
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The  b inary method  can  be  used  whenever a  cl ear d is tinction  between  the  ass ignment of the  
generic functions  to  e i ther OPERATOR  or MEE  or MES  i s  des ired .  I n  those  cases  where  i t  i s  not 
poss ib le  to  assign  a  generic function  complete l y to  the  OPERATOR  or the  MEE  or MES ,  the  major 
share  of responsibi l i ty i s  l i sted .  

Table  C . 2  – Bin ary cl assi fication  of DOA  

Degree  EXEC U TI N G  SELEC TI N G  GEN ERATI N G  M ON I TORI N G  

0  OPERATOR  OPERATOR  OPERATOR  OPERATOR  

1  OPERATOR  OPERATOR  OPERATOR  MEE /MES  

2  OPERATOR  OPERATOR  MEE /MES  OPERATOR  

3  OPERATOR  OPERATOR  MEE /MES  MEE /MES  

4  OPERATOR  MEE /MES  OPERATOR  OPERATOR  

5  OPERATOR  MEE /MES  OPERATOR  MEE /MES  

6  OPERATOR  MEE /MES  MEE /MES  OPERATOR  

7  OPERATOR  MEE /MES  MEE /MES  MEE /MES  

8  MEE /MES  OPERATOR  OPERATOR  OPERATOR  

9  MEE /MES  OPERATOR  OPERATOR  MEE /MES  

1 0  MEE /MES  OPERATOR  MEE /MES  OPERATOR  

1 1  MEE /MES  OPERATOR  MEE /MES  MEE /MES  

1 2  MEE /MES  MEE /MES  OPERATOR  OPERATOR  

1 3  MEE /MES  MEE /MES  OPERATOR  MEE /MES  

1 4  MEE /MES  MEE /MES  MEE /MES  OPERATOR  

1 5  MEE /MES  MEE /MES  MEE /MES  MEE /MES  

NOTE  Each  cel l  can  have  shared  con trol ,  bu t  i n  each  case  the  major OPERATOR  i s  l i s ted .  

 

C.3  Weighted  method  

The “MONITOR” ,  “GENERATE  OPTIONS” ,  “SELECT an  OPTION ”  and  “EXECUTE  the  chosen  OPTION ”  
(MGSE)  aspects  of a  SAFETY  function  of MEE  or  MES  can  be  a l l ocated  a  normal ised  weigh t (from  
0-1 )  based  on  i ts  DOA;  where  0  impl ies  no  AUTONOMY  and  1  impl ies  fu l l  AUTONOMY.  The  
variation  between  0  and  1  wi l l  be  a  con tinuous  function  ( l i near or non l i near)  where  d i fferen t  
DOAs  speci fic to  the  appl i cation  can  be  speci fi ed .  

DEGREE  OF  AU TON OM Y:  The  method  shou ld  enable  al l ocating  a  weight to  s i gn i fy the  DOA.  A 
con tinuous  mapping  method  provides  fl exib i l i ty to  the  DOA  d ecis ion ,  and  that i s  described  
be low.  
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M ON I TOR:  An  example  of appl ying  the  weighted  method  to  the  MONITOR  TASK  i s  presented  i n  

F igu re  C. 1  (the  weighti ng  factors  i n  the  l i s t of F igure  C. 1  are  examples  on l y).  

 

Key 

DOA –  M ON I TO R TASK  

0  Human  uses  own  senses  and  i n terprets  

0 , 1  Human  SELECTS  and  uses  sensor(s )  and  i n terprets  data  

0 , 1 5  MEE  or  MES  SELECTS  a  restri cted  sub-set of sensor(s)  and  human  i n terprets  data  

0 , 2  MEE  or  MES  SELECTS  sensor(s)  and  human  i n terprets  sensor data  

0 , 4  MEE  or  MES  SELECTS  sensor(s);  human  i n terprets  data  and  MEE  or  M ES  suggests  a l ternati ve  

0 , 6  MEE  or  MES  SELECTS  sensor(s);  MEE  or  MES  i n terprets  a  sub-set  of data  (human  does  the  rest)  

0 , 75  
MEE  or  MES  SELECTS  sensor(s);  MEE  or  MES  i n terprets  a  sub-set  of data  and  suggests  a l ternati ves  for 
some  of the  data  

1  MEE  or  MES  SELECTS  sensor(s);  MEE  or  MES  i n terprets  data  

Figu re C. 1  – Appl ication  of weighted  meth od  to  th e  “M ON I TOR”  TASK  
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GEN ERATI N G  OPTION S :  An  example  of appl ying  the  weigh ted  method  to  the  GENERATE  OPTIONS  

TASK  i s  presen ted  i n  F igure  C. 2.  

 

Key 

 DO A –  GE N E RATE  OP TI ON S  

0  MEE  or MES  are  not  i nvolved  i n  GENERATING  OPTIONS  

0 , 3  MEE  or MES  supports  the  OPERATOR  to  GENERATE  OPTIONS  for l im i ted  cases  

0 , 6  MEE  or MES  supports  the  OPERATOR  to  GENERATE  OPTIONS  for a l l  cases  

0 , 75  MEE  or MES  GENERATE  OPTIONS  TASK  for l im i ted  cases  

1  MEE  or MES  GENERATE  OPTIONS  TASK  for a l l  cases  

Figu re C. 2  – Appl ication  of weighted  meth od  to  “GEN ERATE  OPTI ON S”  
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SELECTIN G  OPTION S :  An  example  of appl ying  the  weigh ted  method  to  the  SELECT OPTION  TASK  

i s  presented  i n  F igure  C. 3.  

 

Key 

DOA –  SE LE C T OP TI ON  

0  MEE  or  MES  i s  n ot  i n vol ved  i n  SELECTING  the  OPTION  

0 , 3  MEE  or  MES  supports  the  OPERATOR  to  SELECT OPTION  for l im i ted  cases  

0 , 6  MEE  or  MES  supports  the  OPERATOR  to  SELECT OPTION  for a l l  cases  

0 , 75  MEE  or  MES  SELECTS  OPTION  for l im i ted  cases  

1  MEE  or  MES  SELECTS  OPTION  for a l l  cases  

Figu re C. 3  – Appl ication  of weighted  meth od  to  “SELECT OPTI ON”  TASK  
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EXECU TI N G  OPTION S :  An  example  of applying  the  weighted  method  to  the  EXECUTE  TASK  i s  

presented  i n  F igure  C. 4.  

 

Key 

DOA –  EXEC U TE  

0  MEE  or  MES  has  no  rol e  i n  the  EXECUTE  OPTION  

0 , 3  MEE  or  MES  supports  the  OPERATOR to  EXECUTE  TASK i n  l im i ted  cases  

0 , 6  MEE  or  MES  supports  the  OPERATOR to  EXECUTE  TASK i n  a l l  cases  

0 , 75  MEE  or  MES  performs  the  EXECUTE  TASK i n  l im i ted  cases  

1  MEE  or  MES  performs  the  EXECUTE  TASK i n  a l l  cases  

Figu re C. 4 – Appl ication  of weighted  meth od  to  th e  “EXECU TE”  TASK  

Overal l  DOA:  The  MEE ’ s  or  MES ’ s  overal l  DOA  o f the  SAFETY  function  can  be  obta ined  by 
combin ing  the  various  DOA  l evels  of the  “MONITOR” ,  “GENERATE  OPTIONS” ,  “SELECT an  OPTION ”  
and  “EXECUTE  the  chosen  OPTION ”  parts  as  fol l ows:  

Let w1 ,  w2 ,  w3  and  w4  be  the  DOA  weigh tings  associated  wi th  the  MON ITOR  (M) ,  GENERATE  
OPTIONS  (G) ,  SELECT an  OPTION  (S) ,  and  EXECUTE  the  chosen  OPTION  (E)  TASKS ,  respective l y,  

where  

 
14321 =+++ wwww
 (C. 1 )  

Thus,  the  overal l  DOA  for the  SAFETY  fu nction  can  be  defined  as  

 
EwSwGwMwDOA 4321 +++=
 (C. 2)  

The  above equation  wi l l  resu l t  i n  a  va lue  i n  the  range  0  to  1 ,  where  0  means  no  AUTONOMY  
and  1  means  fu l l  AUTONOMY  for the  MEE  or MES .  

The  MANUFACTURER  can  adopt the  key va lues  described  i n  F igures  C. 1  to  C. 4  to  estimate  the  
impact of DOA  i n  the  MGSE steps.  The  MANUFACTURER  can  mod i fy these  values  based  on  the  
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I NTENDED USE .  Then  the  MANUFACTURER  d eterm ines  the  weighting  coefficients  w1  to  w4  
depend ing  on  the  characteristics  of the  MEE  or MES  i n  terms  of the  relati ve  importance  of the  
MGSE aspects.  

EXAMPLE  Consider a  MEE  wi th  DOA  weighti ngs  defi ned  on  the  basis  that  the  MON ITOR  and  GENERATE  OPTIONS  
TASKS  can  add  to  the  probabi l i ty of a  HAZARDOUS  S I TUATION  to  occur (wh ich  can  l ead  to  HARM )  and  EXECUTING  the  
selected  OPTION  i s  l i kel y to  actual l y cause  HARM  i n  th i s  speci fi c  example.  I n  th i s  case  we  can  assume MGSE  we ights  
of 0 , 1 5,  0 , 1 5,  0 , 25,  0 , 45  to  g i ve:  

w
1
 =  0 , 1 5,  w

2
 =  0 , 1 5,  w

3
 =  0 , 25 ,  and  w

4
 =  0 , 45,   

wh ich  can  g i ve  a  rea l i sti c  estimate  of the  importance  of the  MGSE  functi ons  to  the  DOA.  

Let the  DOA  weigh tings  for the  MONITORING ,  GENERATING ,  SELECTING  an  OPTION  and  EXECUTING  
the  chosen  OPTION  TASKS  be  g i ven  as  fol lows:  

M =  0 , 2  (MEE  or  MES  SELECTS  sensor(s)  and  human  in terprets  sensor data)  

G  =  0 , 3  (MEE  or MES  supports  the  OPERATOR  to  GENERATE  OPTIONs  for l im i ted  cases)  

S  =  0 , 6  (MEE  or  MES  supports  the  OPERATOR  to  SELECT  the  best OPTION  for a l l  cases)  

E  =  0 , 75  (MEE  or MES  performs the  EXECUTE  TASK i n  l im i ted  cases)  

Substi tu ti ng  values  i n to  Equation  (C. 2)  yie l ds  the  DOA  for the  cons idered  MEE  as :  

 5625,075,045,06,025,03,015,02,05,0        

4321

=×+×+×+×=

+++= EwSwGwMwDOA

  

NOTE  Such  numeric val ues  for DOA  a l l ows  i n terpretation  of the  RI SK  and  poss ible  RISK  reduction  measures  i n  
parti cu lar use  case  scenarios  when  changes  are  made  to  wei ghti ngs  l evel s  and  to  DOA  based  on  whether 
i ncreasing  DOA  i ncreases  or reduces  RI SK  i n  each  acti vi ty consi dered .  
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Annex D  
(informative)  

 
Examples  of in troducing  DOA to M EE/M ES  

D.1  General  

Examples  are  used  to  describe  how the  concept of DOA  i s  appl ied  i n  various  MEE  and  MES .  
Each  example  i ncludes:  

a)  a  description  of how MEE  or MES  i s  used  and  the  rationale  for i n troducing  AUTONOMY;  

b)  an  explanation  why the  MEE  u nder cons ideration  i s  to  be  cons idered  a  MEDICAL ROBOT  or 
not;  

c)  appl ication  of one  or more  of the  three  DOA  c lass i fication  methods  described  i n  Annex C  i n  
the  example;  

d )  the  effect of DOA on  the  RISK MANAGEMENT PROCESS  i denti fying  functions/TASKS  i n volved  
and  associated  RISKS  wi th  and  wi thout  DOA;  and  

e)  summary and  conclus ions.  

D.2  Example 1  – Lower extremity exoskeleton  

D. 2. 1  Description  of the  med ical  procedu res  

An  ass istive  l ower extrem ity exoskeleton  i s  a  wearable  MEE  provid ing  support and  he lp  for the  
PATIENT  to  improve mobi l i ty or gai t  generation ,  or restore  function .  I t  i s  cons idered  MEDICAL 
ROBOT  when  i t  con tains  sensing ,  actuation ,  and  i n terfacing  mechan isms  a l lowing  the  PATIENT  
or OPERATOR  to  in teract wi th  the  system  and  in i ti ate/stop  the  re levant functional  operations  
that are  performed  wi th  a  DOA  by the  system .  A passive  exoskeleton ,  d ri ven  on l y by for 
example  spring  e lements,  i s  not a  MEDICAL ROBOT,  as  i t  i s  not an  MEE ,  nor has  a  DOA  i n  i ts  
operation .  Depend ing  on  the  phys ical  and  cogn i ti ve  capabi l i ty of the  PATIENT,  some DOA  m ight 
need  to  be  i n troduced  i n to  the  system  at various  l evels  of the  MONITORING ,  GENERATING  
OPTIONS ,  SELECTING  an  OPTION  and  EXECUTING  the  OPTION  TASKS .  Th is  example  i l l ustrates  the  
management of RISKS  associated  wi th  the  in troduction  of DOA  a t  these  l evels.  

Th is  clause  con tains  two examples  re lated  to  lower extrem i ty exoskeletons.  The  fi rst  
cons iders  the  DOA  of the  fu l l  exoskeleton ,  wh i l e  the  second  puts  focus  on  one  subsection ,  
where  the  CLIN ICAL FUNCTION  of such  an  exoskeleton  i s  on  the  foot p lacement.  

D. 2.2  DOA  cl assi fi cation  meth od  

D. 2. 2. 1  Assistive exoskeleton  

Consider the  h igh - level  CLIN ICAL  FUNCTION  of an  e lderl y PATIENT  perform ing  l evel  walking  us ing  
a  l ower extrem i ty exoskeleton  supporting  both  l egs  wi th  20  %  add i ti ve  assisti ve  force.  Al l  the  
movements  are  i n i tiated  and  con trol led  by the  PATIENT,  who is  s imu l taneousl y the  OPERATOR  of 
the  MEE .  The  device  senses  the  movement of the  l eg  and  the  i n teraction  forces.  Subsequentl y 
i t  determ ines  the  phase  of the  gai t cycle  and  SELECTS  the  needed  j o in t torques  to  provide  a  
predefined  level  of force  ass istance.  

To  establ ish  the  DOA  of l evel  walking  wi th  the  exoskeleton ,  the  weighted  method  presented  in  
Annex C  i s  used .  The DOA  of each  function  i s  chosen  based  on  estimated  con tribu tions  of MEE  
versus  the  OPERATOR,  i nstead  of using  values  associated  wi th  the  speci fic descriptions  i n  
F igu re  C. 4 .  

M ON ITOR:  I n  l evel  walking  most of the  sens ing  is  done  by the  PATIENT (e. g .  the  envi ronmenta l  
constrain ts,  the  need  to  make a  step  and  overal l  stabi l i ty).  The  MEE  performs the  MONITORING  
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TASK  during  the  walking  motion  based  on  movement and  forces  appl ied  by the  PATIENT-
OPERATOR.  The amount of data  mon i tored  by the  MEE  and  i ts  importance  can  be  estimated  as  
20

 
%;  hence M =  0 , 2 .   

GEN ERATE  OPTI ON S :  When  the  CLI N ICAL FUNCTION  of l evel  walking  i s  considered ,  there  are  
several  OPTIONS  to  be  produced  (e. g .  starting ,  stopping ,  speed  of walking ,  keeping  balance).  
These  h igh  level  OPTIONS  are  produced  by the  GENERATE  OPTION  TASK  (and  the  most 
appropriate  chosen)  by the  PATIENT (a lso  the  OPERATOR) .  The  exoskeleton  l eg  has  the  
predefined  support OPTIONS  ( torque  profi l e)  for:  a)  swing  l eg  movement and  b)  s tance  l eg  
movement.  The  amount of OPTIONs  GENERATED  by the  MEE  and  the ir importance  can  be  
estimated  conservativel y as  5

 
%;  hence  G  =  0 , 05.  

SELECT an  OPTION :  The  MEE  wi l l  decide  whether i t  provides  torques  accord ing  to :  a)  the  swing  
l eg  profi l e,  or b)  the  stance l eg  profi l e .  Other OPTIONs  are  selected  by the  OPERATOR.  The  
amount of OPTIONs  that the  MEE  needs  to  SELECT  and  their importance  can  be  estimated  as  
5
 
%;  hence  S  =  0 , 05.  

EXECU TE  the  chosen  OPTI ON :  The  EXECUTED  movements  i n  l evel  walking  are  performed  by the  
MEE  and  the  OPERATOR i n  a  shared  fash ion .  The  amount of ass istive  torque  provided  by the  
MEE  can  be  predefined  for each  exoskeleton  l eg .  I n  th is  example,  the  MEE  provides  20

 
% of the  

overal l  requ i red  torque.  For l evel  walking ,  a  fu l l  coord ination  of body movements  i s  requ ired  
and  i s  EXECUTED  by the  OPERATOR.  The  percentage  of the  movement of the  l egs  compared  to  
the  fu l l  body i s  estimated  as  70

 
%.  So the  overal l  percentage  of the  MEE  i n  perform ing  the  

EXECUTE  TASK  can  be  estimated  as  20
 
% of 70

 
%;  hence  E  =  0 , 1 4 .  

There  is  no  strong  reason  to  choose speci fic weigh ting  factors  so  a l l  are  set equal l y to  0 , 25.  
Hence us ing  Equation  (C.2) :  

 
EwSwGwMwDOA 4321 +++=
  

wi th  w1  =  0 , 25,  w2  =  0 , 25,  w3  =  0 , 25  and  w4  =  0 , 25,  yie l ds  

 1,014,025,005,025,005,025,02,025,0 ≈×+×+×+×=DOA   

D.2. 2. 2  Foot pl acemen t sub-fun ction  

One poss ible  CLIN I CAL FUNCTION  i n  a  med ica l  walking  exoskeleton  for walking  i s  to  move the  
swing  l eg  to  a  new stable  stance  pos i tion .  Here,  th is  speci fic function  is  cons idered ,  when  
rea l i zed  wi th  d i fferent l evels  of DOA.  The  descripti ve  method ,  presen ted  i n  Annex C,  i s  used  
here  to  i n troduce  the  DOA.  

Moving  the  swing  foot  to  a  stable  stance  l ocation  wi th  DOA  =  2  ( te le-  or master–slave  
operation),  the  PATIENT  d ecides  the  optimal  foot p l acement location  and  moves  the  foot,  and  
the  MEE  supports  the  movement in  PATIENT-decided  movements  (sharing  the  EXECUTE  TASK) .  

Moving  the  swing  foot to  a  stable  s tance  location  wi th  DOA  =  4  (shared  decis ion  wi th  shared  
operation),  the  PATIENT  and  MEE  ca lcu late  or determ ine  an  optimal  foot p lacement location ,  the  
PATIENT  i n i ti ates  movement,  then  the  movement is  made  on  a  shared  basis.  

Moving  the  swing  foot to  a  s table  stance  l ocation  wi th  DOA  =  9  (OPERATOR  performs  the  
MONITOR TASK) ,  the  MEE  ca lcu lates  optimal  foot p l acement l ocation ,  and  EXECUTES  the  swing  
l eg  motion .  The  PATIENT  can  in tervene i f needed .  
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D.2.3  Effect of DOA  on  the  RISK MANAGEMENT PROCESS  

D .2.3. 1  Assistive exoskeleton  

I n  an  MEE  as  presented  i n  D . 2. 2. 1 ,  DOA  can  be  i ncreased  by moving  more  components  of l evel  
walking  from  the  PATIENT or  OPERATOR  to  the  MEE ,  up  to  a  mode  where  coord ination  and  
movement of the  legs  i s  fu l l y performed  by the  MEE  wi th  a  h i gh -level  i n terface  for the  
OPERATOR to  decide,  for example,  on l y to  s tart and  s top  the  motion .  Table  D. 1  and  Table  D. 2  
describe  the  effect of DOA  on  the  RISK MANAGEMENT PROCESS  for such  a  l ower extrem ity 
exoskeleton .  

Table  D. 1  – Example  1  – Effect  of DOA on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

Support  l evel  
walking  of an  
e l derl y PATI ENT .  

Fal l i n g ,  

Stumbl i ng ,  

Tripping ,  

Imbalance,  

Col l i s i on .  

I mproved  j o i n t  
coord inati on ,  

I mproved  gai t  
control ,  

Recovering  i n  case  
of s tumbl i ng ,  

Abi l i ty to  absorb  
harmfu l  energy due  
to  col l i s i ons.  

Taking  con trol  from  
the  PATI ENT  can  
i n troduce  confl i ct.  

Con ti nuous  
coord inati on  of l evel  
walking  by the  MEE  
(h i gher DOA)  can  l ead  
to  a  reduction  of 
s i tuational  awareness  
of PATIENT-OPERATOR .  
Th i s  can  l ead  to  
add i ti onal  HAZARDS ,  
when  the  PATIENT-
OPERATOR  needs  to  
take  over con tro l  i n  
dangerous  s i tuati ons.  

DOA  based  on  a  RI SK 
MANAGEMENT PROCESS  
for the  i nd i vi dua l  i n  
terms  of h i s /her 
physica l /  neu rolog ical  
capabi l i ty,   
see  Tabl e  D. 2 .  

 

Table  D .2  – Example  1  – Physical  and  cognitive  capabi l i ty of ind ividual   
and  CLIN ICAL FUNCTION  needed  

PATIENT’S  ph ysi cal  and  cogn i tive  
capabi l i ty (SEVERITY)  

CLIN ICAL  FUNCTION  n eeded  

Physical l y impai red  Provide  phys ical  support  as  needed  

Neurol og ica l l y impai red  Motor control  and  physical  support  as  needed  

No  phys ical  functional i ty,  e . g .  spinal  
cord  i n j u ry  

Provide  motor con tro l  and  phys ical  movement,  wi th  PATI ENT-speci fi c  
i n terface.  

 

D.2.3.2  Foot placement sub-function  

Table  D .3  describes  the  effect of DOA  on  the  RISK MANAGEMENT PROCESS  for the  speci fic  
CLIN I CAL FUNCTION  for the  foot p lacement example  of the  l ower extrem i ty exoskeleton .  

D.2.4  Summary and  conclusions  

D.2.4. 1  Assistive exoskeleton  

The  l ower extrem i ty exoskeleton  exempl i fi ed  can  benefi t from  DOA  depend ing  on  the  physical  
and  cogn i ti ve  capabi l i ty of the  PATIENT.  Where  the  PATIENT  i s  capable  i n  physical  and  cogn i ti ve  
senses,  very l im i ted  DOA  m ight be  i ncorporated ,  and  h igher DOA  cou ld  come in to  confl ict wi th  
the  PATIENT ’S  i n ten tions  i n  certain  functions.  As  the  physical /cogn i ti ve  capabi l i ty of the  PATIENT  
becomes  l im i ted ,  the  use  of i ncreased  DOA  wi l l  be  important and  can  be  beneficial  to  the  
PATIENT.  From  th is  example  i t  occurs  that the  weighted  method  i s  on l y feasib le  i f the  
quanti tative  con tribu tion  of each  component of DOA  (MGSE)  can  be  rough l y estimated  by the  
MANUFACTURER.  The  method  cou ld  a l low changes  in  DOA  to  be  stud ied  by varying  the  weights  
and  assess  where  benefi ts  i n  MGSE are  most  effecti vel y ach ieved .  
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D.2.4.2  Foot placement sub-function  

For the  speci fic subfunction  of moving  the  swing  foot to  a  stable  stance  l ocation ,  i t  was  shown  
that based  on  the  DOA  of th is  function ,  speci fic RISKS  i ncrease,  wh i le  other RISKS  decrease.  As  
i n  D . 2 . 4 . 1 ,  the  physica l  and  neurolog ical  capabi l i ty of the  i n tended  PATIENT  to  operate  the  
exoskeleton ,  were  shown  to  be  key factors  i n  estimating  these  RISKS ,  and  determ in ing  the  DOA  
wi th  the  l owest RISK  for th is  sub-function .  From  th is  example  i t  occurs  that the  descriptive  
method  is  especia l l y feas ib le  i f the  (sub)function  under cons ideration  i s  speci fic and  wel l  
defined  { ,  bu t  may a lso  be  feas ible  for the  complete  system}.  

Table  D .3  – Example  1  – Sub-function  TASK  example  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

Moving  the  swing  
foot  to  a  s table  
s tance  l ocati on  

Col l i s ion  of foot  or 
l eg  wi th  envi ronmen t 
(poss ib l y l ead ing  to  
a  fa l l )  

Wi th  a  l ow DOA  the  
support  of the  MEE  
can  l ead  to  
unexpected  fast  
movement  of the  l eg  
when  con trol l ed  on ly 
by the  PATI ENT .  Wi th  
h i gher DOA,  MEE  
con tro l s  movement.  

Wi th  a  l ow DOA,  
shared  execu tion  
can  overshoot  the  
targeted  foot  
l ocati on ,  even  i f 
moving  i n  the  ri gh t  
d i recti on .  Wi th  
h igher DOA,  MEE  
con trol s  movement.  

Wi th  a  h i gh  DOA  
there  can  be  a  RISK  
o f col l i s i on  wi th  the  
envi ronmen t (e. g .  
obstacles)  as  the  
MEE  con trol l er m igh t  
not  be  aware  of the  
envi ronment of 
operati on .  

DOA  based  on  RI SK 
MANAGEMENT PROCESS  
for the  i nd iv idual  
PATI ENT  i n  terms  of  
phys ical /  neurolog ica l  
capabi l i ty,   

see  Table  D. 2  

Fa l l  d ue  to  unstable  
foot  p l acement 

Wi th  su ffi ci en t  
u nderstand ing  of the  
envi ronment,  MEE  
can  ca lcu late  and  
EXECUTE  s table  foot  
p l acemen ts .  

Wi th  a  h i gh  DOA,  a  
PATI ENT wi th  
med ium/h igh  
functi onal i ty cou l d  
perform  an  acti on  
that  responds  to  
envi ronmental  i ssues  
(e. g .  a  hole  i n  the  
fl oor)  wh ich  i s  not  
u nderstood  by the  
MEE ,  then  the  
obj ectives  of the  
PATI ENT and  the  MEE  
can  be  confl i cti ng  
and  l ead  to  i nstable  
foot  p l acemen t.  

When  the  safe  
movement  of the  
swing  l eg  i s  fu l l y and  
con ti nuously 
performed  by the  
M EE  (h i gher DOA) ,  i t  
can  l ead  to  l ower 
s i tuational  
awareness  of the  
s tabi l i ty of i n tended  
foot  p l acemen ts .  

Fai l u re  of perform ing  
i n tended  functi on  ( i f 
th i s  i s  wa lki ng  
ab i l i ty)  

Wi th  a  l ow DOA,  a  
PATI ENT  wi th  l ow 
functi onal i ty m igh t  
not  be  able  to  walk 
at  a l l .  

Wi th  a  h i gh  DOA,  a  
PATI ENT  wi th  l ow 
functi onal i ty m igh t  
be  able  to  walk.  
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D.3  Example 2  – Orthopaedic MEE/MES/MEDICAL  ROBOT  for reshaping  bone  

D.3. 1  Description  of the  med ical  procedures  

The med ical  procedures  under cons ideration  are  tota l  h ip  arthroplasty or replacement and  
knee  arth roplasty for treatment of j o in t d iseases  such  as  osteoarthri tis .  Th is  procedure  a ims  to  
remodel  the  articu lar surface  of a  muscu loskeletal  j o i n t to  an  appropriate  shape  for arti ficia l  
j oi n t implantation .  Preoperative  imag ing  such  as  CT scann ing  i s  used  to  p lan  the  proper 
shaping  of the  remodel l ed  bone.  An  orthopaed ic m i l l i ng  system  is  used  to  resurface  the  bone  
based  on  the  preoperative  imag ing  data,  and  two types  of system  designs  are  cons idered  
here.  The  fi rst des ign ,  a  pre-programmed  bone  resurfacing  system ,  does  not ad j ust to  
changes  i n  the  envi ronment,  e. g .  u nexpected  movement of the  PATIENT.  During  treatmen t,  the  
end-effector i s  control l ed  by the  MEE  wi thout OPERATOR  i n tervention  based  on  pre-
programmed  parameters.  I n  the  second  type  of design ,  a  bone resurfacing  system  wi th  haptic  
gu idance,  the  MEE  ass ists  the  OPERATOR  by gu id ing  and  ad j usti ng  the  motion  or the  speed  of 
the  bone  m i l l i ng  i nstrument attached  at the  end-effector.  Optical  or certa in  types  of obj ect 
tracking  systems are  u ti l i sed  as  vis ion  i npu t to  i den ti fy and  track the  l ocation  and  movement 
of the  bone  during  surgery.  During  treatment,  the  end-effector i s  control led  by the  OPERATOR  
under haptic i n teractive  gu idance from  the  system .  Th is  haptic gu idance g ives  the  OPERATOR  a  
certa in  type  of force  feedback wi th  wh ich  the  OPERATOR can  sense  vi rtual  wal ls  or boundaries  
of “safe”  reg ions  or p l anned  reg ions  for remodel l i ng .  Add i tional l y,  the  speed  of the  bone  m i l l  i s  
attenuated  or the  m i l l i ng  b lade  is  covered  as  the  OPERATOR  reaches  “unsafe”  reg ions  so  that 
the  resurfacing  can  be  performed  on l y wi th in  the  p lanned  boundaries .  

The  path  or traj ectory of the  bone  m i l l i ng  i nstrument i s  pre-programmed  i n  the  orthopaed ic 
surgery ass ist ROBOT  wi th  PE  type  AUTONOMY  and  the  “safe”  boundary or reg ion  i n formation  is  
pre-programmed  i n  the  SC type  AUTONOMY ROBOT.  However,  the  motion  of the  m i l l i ng  
i nstrument during  the  operation  i s  adaptive l y con trol l ed  or ad justed  wi th  particu lar DEGREE  OF  
AUTONOMY  such  as  mon i toring  whether the  i nstrument and  the  surg ica l  object under the  
operation  are  i n  p lanned  traj ectory or pos i tion ,  execu ting  the  reshaping  TASK  ad j usting  the  
m i l l i ng  i nstrument posi ti on ,  speed  and /or force  as  needed  to  fu l fi l  the  operation  p lan ,  gu id ing  
surgeon ’s  hand  by the  haptic  feedback or con trol l i ng  the  i nstrument movement by shared  
con trol  manner wi th  the  surgeon  accord ing  to  the  p lanned  safe  boundary,  and  etc.  

MEE  or MES  that  au tomatical l y moves  the  bone  m i l l ing  i nstrument exactl y fo l lowing  predefined  
pos i tion  trajectory and/or speed /force  profi l e  as  the  example  of i n fus ion  pump wi th  pre-
programmed  drug  in j ection  speed/volume profi l e  i n  D . 3. 4 ,  i f exists,  can  be  considered  by the  
MANUFACTURER  as  a  type  of compu ter-con trol l ed  m i l l i ng  mach ine,  and  not  a  MEDICAL ROBOT  
because  i t  performs  the  operation  wi th  a  l ow DEGREE  OF  AUTONOMY  to  fu l fi l  the  operation  p lan .  

D.3.2  DOA  cl assi fication  method  

Two exemplary systems,  namely a  pre-programmed  bone  resurfacing  MEDICAL ROBOT  system  
and  a  haptic gu idance system ,  are  cons idered .  To  class i fy the  overal l  DOA  of the  MEE ,  the  
descripti ve  method  presented  i n  Annex C  i s  used .  The  case  of a  pre-programmed  bone  
resurfacing  system  can  be  classi fi ed  as  level  3  – PE  (Pre-programmed  execu tion)  i n   
Table  C. 1 .  The  system  performs  the  bone  reshaping  as  pre-programmed  or p l anned  by the  
surgeon.  The  surgeon  can  temporari l y pause  or abort the  operation  of the  MEDICAL ROBOT  i n  
the  case  of an  unexpected  event or emergency such  as  unexpected  movement of PATIENT  or 
the  MEE ,  unexpected  in terruption  of the  vis ion  system ,  un in tended  damage  to  surround ing  
tissue  and  resu l tan t b leed ing ,  etc.  The  haptic gu idance system  can  be  classi fied  as  l evel  4  – 
SD  (Shared  decis ion)  as  per Table  C. 1 .  The  gu idance  system  GENERATES  haptic feedback or 
makes  speed  ad j ustmen ts  and  provides  repu ls ive  force  generation  or speed  attenuation .  
However,  the  OPERATOR  ho lds  the  bone  m i l l i ng  end-effector and  can  override  the  gu id ing  
reaction  from  the  MEE  as  needed .  Al though  the  whole  procedure  execution  is  not shared  by 
the  OPERATOR  and  the  MEE ,  the  MEE  acti ve l y participates  i n  the  decis ion -making  PROCESS  to  
determ ine  the  proper reg ion  of operation .  
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D.3.3  Effect of  DOA  on  the  RISK MANAGEMENT  PROCESS  

Table  D .4  describes  the  effect  of DOA  on  the  RISK MANAGEMENT PROCESS  for the  two  bone  
resurfacing  MEE .  The  haptic gu idance system  increases  the  DOA  over a  pre-programmed  
implementation  due  to  the  MEE  perform ing  the  GENERATE  OPTIONS  TASK using  rea l -time sensor 
data  for the  MONITOR TASK,  and  ass isting  the  OPERATOR  i n  the  EXECUTE  TASK  via  haptic 
feedback.  

D.3.4  Summary and  conclusions  

Poten tia l  RISKS  associated  wi th  the  DOA  i n  th is  type  of MEE  are  main l y re lated  to  the  su rg ical  
obj ect i den ti fication  and  tracking  precis ion .  The  pre-programmed  execu tion  system  works  not 
much  d i fferentl y as  compared  to  conventional  programmable  e lectron ic med ical  devices  as  
l ong  as  the  resurfacing  system  and  the  PATIENT  main ta in  the  p lanned  posi ti on  and  pose  during  
the  enti re  med ica l  procedure.  As  in  the  case  of a  conventional  d rug  i n fus ion  pump that 
performs  the  programmed  d rug  i n fus ion  wi thou t human  i n terven tion  for the  programmed  
period  wi th  programmed  speed  va lue  or pattern ,  the  bone  resurfacing  MES  performs bone  
reshaping  as  p lanned .  R I SKS  associated  wi th  an  unexpected  change  of the  PATIENT ’ s  l ocation  
and  pose  re lati ve  to  the  resu rfacing  system ,  or an  unexpected  i n terruption  of the  tracking  
device,  and  so  on  shou ld  be  properl y anal ysed  and  deal t wi th  as  part of the  RISK MANAGEMENT 
PROCESS .  I n  the  case  of add ing  haptic gu idance  features  to  the  resurfacing  system ,  the  
i ncrease  i n  DOA  provides  precis ion  and  accuracy benefi ts  as  wel l  as  reduced  RISK.  

Table  D.4 – Example  2  – Effect  of DOA on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

Bone  resurfacing  I ncorrect re -
surfacing  

Ti ssue  damage.  

Hapti c  gu idance  
system  improves  
precis ion/accuracy and  
SAFETY  i n  the  tool  
movement  (ROBOT  can  
suggest “correct”  
boundary – motion  
gu ide)  

Hapti c  gu i dance  
system  i nvolves  the  
OPERATOR  i n  the  
execu tion  and  reduces  
the  RI SK  of l oss  of 
s i tuation  awareness.  

 An  i ncrease  i n  the  
DOA  pu ts  more  
rel i ance  on  the  
software  to  ach i eve  
acceptabl e  RISK.  
Th i s  can  impact the  
software  SAFETY  
cl ass i fi cation  and  
associated  
acti vi ti es  shal l  be  i n  
accordance  wi th  
I EC 62304.  

AUTOMATIC  tool  
moving  

Error i n  hand l i ng  
the  tool  i n  
movement.  

I mproved  
preci s ion/accuracy and  
SAFETY  i n  the  tool  
movement  

(ROBOT  can  suggest 
“correct”  boundary – 
motion  gu ide)  

Unexpected  
i n terruption  i n  the  
MES  operati on  cou ld  
cause  cri ti cal  
damage  to  PATIENT  
(e . g .  vi s ion  system  
error,  human  
i n terrupti on ,  l oss  of 
con trol )  

 

D.4 Example 3  – Instrument exchange on  robotical ly-assisted  surgical  
equipment 

D.4. 1  Description  of the  med ical  procedures  

This  example  considers  a  robotical l y-ass isted  surg ica l  equ ipment (RASE)  i n tended  to  
faci l i tate  the  accurate  movement of surg ical  i nstruments  i n  m in imal l y invas ive  surg ica l  
procedures.  The  equ ipment i ncorporates  a  te le-operative  servomechan ism ,  where  the  
surgeon  con trols  the  movements  of surg ica l  i n struments  us ing  a  master control ler,  wh i l e  
viewing  the  surg ical  s i te  through  a  stereo  viewer.  Du ring  a  surg ical  procedure,  the  surgeon  
wi l l  need  period ical l y to  exchange one  i nstrument for another i n  order to  perform  various  
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surg ical  TASKS ;  for example,  scissors  m ight need  to  replace  a  forceps  i n  order to  cu t tissue.  
Th is  TASK  i s  done  by a  surg ica l  ass istant  at the  PATIENT ’S  side  and  shou ld  be  done  qu ickly to  
m in im ize  i n terruptions  to  the  fl ow during  surgery to  decrease  operati ve  time.  Add i tional l y,  the  
i nstrument shou ld  i deal l y be  returned  to  approximatel y the  same depth  as  the  removed  
i nstrument so  that the  su rgeon  can  conti nue  operati ng  at the  same location  wi thou t spend ing  
time reposi tion ing  the  i nstrument.  Th is  example  l ooks  at add ing  a  DOA  to  the  speci fic TASK  of 
exchang ing  i nstruments  for th is  type  of RASE.  

NOTE  RASE  referred  to  vi a  various  names  such  as  surg ical  ROBOT ,  computer-assisted  su rg ical  system ,  etc.  I n  
some  j u ri sd icti ons,  regu lators  may not  recogn ize  the  defi n i ti on  of MEDICAL  ROBOT  or ROBOT  as  presented  i n  th i s  
document.  I n  these  s i tuations,  the  MANUFACTURER  m i gh t  i den ti fy the  MEE /MES  u s i ng  more  common ly accepted  terms  
such  as  a  RASE.  

D.4.2  DOA  cl assi fication  method  

I n  th is  example,  the  descripti ve  method  i s  used  to  help  understand  the  impact of DOA  on  the  
RISK MANAGEMENT PROCESS  for the  TASK  of exchang ing  an  i nstrument during  surgery.  The  
OPERATORS  i n  th is  example  are  the  surgeon  and  the  PATIENT-s ide  ass istant.  The  fol l owing  
three  methods  for posi ti on ing  the  i nstrument during  an  i nstrument exchange are  cons idered :  

– Fu l l  manual :  The  instrument i s  a lways  under the  fu l l  control  of the  OPERATOR  and  
advancement of the  instrument i s  done  under vi sual  feedback by the  su rg ical  ass istan t 
viewing  the  i nstrument(s)  on  a  video d isplay.  Add i ti onal l y,  no  haptic feedback is  provided  
by the  equ ipment.   Us ing  the  descripti ve  classi fication  scheme i n  Table  C. 1 ,  the  DOA  of the  
i nstrument exchange TASK  example  i n  th is  case  i s  cons idered  Fu l l  Manual  (FM,  DOA  
i ndex =  1 ) .  

– Manual  advance wi th  assistance  via  “keep  ou t”  zones :  I n  th is  implementation ,  the  MEE  i s  
aware  of the  pos i ti on  of the  removed  i nstrument and  provides  software-con trol l ed  haptic 
feedback to  gu ide  the  OPERATOR  to  return  the  new instrument to  the  same posi tion  as  the  
removed  instrument.   The  OPERATOR  s ti l l  has  to  manual l y advance the  instrument,  bu t  the  
haptic  feedback feels  l i ke  a  hard  boundary whenever the  traj ectory d i ffers  from  the  
previous  posi tion  of the  removed  i nstrument.  Add i ti onal l y,  a  software-con trol l ed  hard-stop  
i s  a lso  provided  at the  end  of the  insertion  depth  to  ensure  that the  i nstrument i s  not 
pos i tioned  any deeper than  the  removed  i nstrument.   Th is  faci l i tates  the  OPERATOR  i n  
qu ickl y return ing  the  i nstrument to  the  previous  posi tion  and  orientation .   Us ing  the  
descriptive  classi fication  scheme in  Table  C. 1 ,  the  DOA  i n  th is  case  i s  considered  Shared  
Decis ion  where  the  MEE  d eterm ines  where  to  return  the  i nstrument and  provides  haptic  
feedback to  gu ide  the  OPERATOR  bu t the  OPERATOR  u l timatel y has  fu l l  control  (SD,  DOA  
i ndex =  4).  

– Automated  pos i ti on ing  by the  MEE :  I n  th is  implementation ,  the  OPERATOR  exchanges  the  
i nstrument and  then  the  MEE  au tomatica l l y returns  the  instrument to  the  same pos i ti on  as  
the  removed  i nstrument wi thout any fu rther OPERATOR  i n tervention .  Th is  a l l ows  for 
extremely qu ick exchanges  wi thou t having  to  re l y on  the  OPERATOR  to  advance the  
i nstrument.  However,  the  MEE  does  not account  for emergen t s i tuations  such  as  ti ssue  
movement,  and  the  OPERATOR  needs  to  MONITOR  the  EXECUTE  TASK and  stop  i t  i f an  
emergent s i tuation  occurs.  Us ing  the  descripti ve  classi fication  scheme in  Table  C. 1 ,  the  
DOA  i n  th is  case  i s  considered  Gu ided  Decis ion  where  the  OPERATOR  h as  to  i n i ti ate  or 
SELECT  the  action  bu t the  MEE  fu l l y EXECUTES  i t  once  in i ti ated  by the  OPERATOR  a ttach ing  
the  i nstrument to  the  equ ipment (GD,  DOA  i ndex =  7).  

D.4.3  Effect of DOA  on  the  RISK MANAGEMENT PROCESS  

The primary HAZARD  considered  in  th is  example  i s  the  i nadvertent contact  wi th  tissue  that can  
resu l t i n  damage.  The  SEVERITY  can  vary,  depend ing  on  the  type  of tissue,  the  i nsertion  force,  
and  the  i nstrument ti p  configuration ;  for example,  a  puncture  cou ld  resu l t  i f a  sharp  i nstrument 
i s  being  inserted  wi th  su fficien t force  and  i s  i nserted  beyond  the  previous  depth .  Table  D . 5  
provides  a  comparative  l i st  of the  DOA  and  description  of OPERATOR  and  MEE  i nvolvement of 
three  implementations,  and  i denti fi es  potentia l  cons iderations  on  RISK.  Table  D . 6  describes  
the  impact of DOA  on  RISK,  and  recommends  possib le  actions  for m i ti gating  RISK.  
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Table  D .5  – Example  3  – Comparison  of instrument exchange design  implementations  

Implementation  Description  Considerations  

Fu l l  manual  

FM  

DOA  =  1  

OPERATOR  con trol s  i nserti on  
movement based  on  vi sual  
feedback 

OPERATOR  error unchecked  

Potential  h i gh  SEVERI TY   

Ass i st  wi th  hapti c  feedback (keep  
ou t  zones)  

SD  

DOA  =  4  

OPERATOR  con trol s  i nserti on  
movement wi th  software  l im i t  
on  tra jectory and  i nserti on  
depth  

DOA  (hapti c  feedback)  reduces  RISK  of 
OPERATOR  error 

OPERATOR  con trol  of advances  
reduces  the  RISK  of t i ssue  movement 
or other probl ems 

Automated  posi ti on ing  

GD  

DOA  =  7  

MEE  returns  to  previous  
l ocation  au tomatical l y  

DOA  (AUTOMATIC  pos i ti on i ng )  reduces  
RISK  of OPERATOR  error  

OPERATOR  i n terventi on  m ight  be  
requ i red  i n  case  of t i ssue  movement or 
other probl ems 

 

Table  D .6  – Example  3  – Effect  of DOA on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

I nstrument 
exchange  

Ti ssue  damage  
on  i nsertion  

Automated  
(software)  i nsertion  
l im i t  reduces  chance  
of contact  wi th  ti ssue  
due  to  OPERATOR  
error i n  pos i ti on i ng  
the  i nstrument.  

Both  au tomated  
i nserti on  l im i t  and  
au tomated  i nserti on  
reduce  operati ve  
time  and  associated  
RISK.   

Automated  i nserti on  
l im i t  or au tomated  
i nserti on  i s  i ncorrect  
or i ncorrectl y 
implemented  
(overshoots  expected  
i nserti on  depth )  

OPERATOR  l oses  
s i tuational  
awareness  du ri ng  
au tomated  i nserti on ;  
does  not  respond  to  
emergent s i tuation  
qu ickly (e. g .  q u i ck 
ti ssue  movement).  

An  i ncrease  i n  the  DOA  
pu ts  more  rel i ance  on  
the  software  to  
ach ieve  acceptabl e  
RISK.  Th i s  cou l d  
impact  the  software  
SAFETY  c l ass i fi cation  
and  associated  
acti vi ti es  i n  
accordance  wi th  
I EC 62304.  

 

D.4.4  Summary and  conclusions  

I n  th is  example,  an  increase  in  the  DOA  faci l i tates  the  accuracy and  speed  of i nstrument 
exchanges,  and  cou ld  reduce the  RISK  of ti ssue  damage  due  to  OPERATOR  error.  U l timatel y,  
the  decis ion  on  the  DOA  to  be  employed  i n  the  design  wi l l  depend  on  several  factors  that are  
speci fic to  the  appl ication .  Add i ti onal l y,  fu l l  AUTOMATIC  pos i tion ing  can  resu l t  i n  inatten ti veness  
or a  l oss  of s i tuational  awareness  of the  OPERATOR,  wh ich  cou ld  lead  to  i ncreased  RISK,  
depend ing  on  the  need  for u rgen t action  during  i nstrument exchanges.  USABI LI TY ENGINEERING  
i n  accordance  wi th  I EC 62366-1  shal l  he lp  to  i n form  the  development team  of the  appropriate  
USABILITY  RISKS  and  trade-offs  for des ign  approach.  Furthermore,  an  i ncrease  i n  DOA  cou ld  
i ncrease  the  re l i ance  on  the  software  implementing  the  haptic feedback for SAFETY,  and  the  
software  effort m ight need  to  be  i ncreased  accord ing l y.  I EC 62304  provides  gu idance on  the  

LI FE-CYCLE  PROCESSES  for software  employed  i n  med ica l  devices.  

D.5 Example 4 – Master–slave robotical ly-assisted  surgical  equipment 

D.5. 1  Description  of the  med ical  procedures  

This  example  considers  a  master–slave  robotica l l y-ass isted  surg ica l  equ ipment (RASE)  
i n tended  to  faci l i tate  the  accurate  movement of surg ica l  i nstruments  i n  m in imal l y i nvasive  
surg ica l  procedures.  The  MEE  i ncorporates  a  te le-operative  servomechan ism ,  where  the  
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surgeon  (the  OPERATOR)  controls  the  movements  of su rg ical  i nstruments  us ing  a  master 
con trol l er,  wh i l e  viewing  the  surg ical  s i te  through  a  stereo viewer.  I n  th i s  example,  various  
l evels  of DOA are  cons idered  for one  of the  procedure  steps,  l ocati ng  the  target anatomy for 
the  MEE  d uring  l aparoscopic surgery i n  order to  remove or cu t ti ssue.  Table  D. 7  presents  a  
summary of the  effect  of DOA  on  the  RISK MANAGEMENT PROCESS  for th is  example.  

D.5.2  DOA  cl assi fication  method  

The  DOA  c lass i fication  method  used  i s  the  weigh ted  method  wi th  each  function  having  
equ ivalent  weigh ting  (0 , 25).  The  fo l lowing  scenarios  are  cons idered :  

•  vi sua l  i denti fication :  OPERATOR  i den ti fi es  the  target anatomy us ing  visual  feedback from  
the  s tereo  viewer.  (DOA  =  0 , 25  / M  =  1 ,  G  =  0 ,  S  =  0 ,  E  =  0) ;  

•  visual  i den ti fication  wi th  image enhancement:  OPERATOR  i den ti fies  the  target anatomy 
us ing  visual  feedback that i ncludes  image enhancement to  help  identi fy the  anatomy.  
(DOA  =  0 , 55  /  M  =  1 ,  G  =  0 , 6 ,  S  =  0 , 3,  E  =  0 , 3) ;  and  

•  AUTOMATIC  i denti fication  wi th  segmentation :  The  MES  i d enti fies  the  target  anatomy wi th in  
the  fie ld  of view of the  OPERATOR.  (DOA  =  0 , 9  /  M  =  1 ,  G  =  1 ,  S  =  1 ,  E  =  0 , 6.  

The  DOA  c l assi fication  method  used  i s  the  weigh ted  method .  

D.5.3  Effect of DOA  on  RISK MANAGEMENT PROCESS  

Table  D .7  – Example  4  – Effect  of DOA on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

I denti fi cati on  of 
target  anatomy 

I ncorrect l ocation  of 
target anatomy 
resu l ti ng  i n  
i nadverten t ti ssue  
damage  

Image  
enhancement  
improves  
i denti fi cati on  
capabi l i ty of the  
OPERATOR  

Segmentation  
m ight  be  abl e  to  
i den ti fy features  
not  percepti b le  to  
human  eyes  

Enhancement and  
segmentation  can  
resu l t  i n  fa l se  
posi ti ve  
i denti fi cati on  of 
target anatomy 

Segmentation  cou ld  
resu l t  i n  the  
OPERATOR  l os i ng  
s i tuation  awareness  

An  i ncrease  i n  the  
DOA  pu ts  more  
rel i ance  on  the  
imag ing  software.  
Th i s  can  impact  the  
software  SAFETY  
cl ass i fi cati on  and  
associated  acti vi ti es  
i n  accordance  wi th  
I EC 62304  

 

D.5.4  Summary and  conclusions  

I ncreasing  DOA  faci l i tates  i denti fication  of the  target anatomy and  i n  general  reduces  the  RISK  
of i nadverten tl y cu tting  the  wrong  ti ssue  during  l aparoscopic surgery.  As  DOA  i ncreases,  the  
re l i ance  on  the  software  implementing  the  image enhancement and  segmentation  need  to  be  
i ncreased  accord ing l y.  I EC  62304  provides  gu idance on  the  LIFE-CYCLE  PROCESSES  for 
software  i n  med ica l  devices.  USABI LI TY ENGINEERING  i n  accordance wi th  I EC  62366-1  shou ld  
help  i n form  the  development team  of the  appropriate  USABILITY  RISKs  and  trade-offs  i n  the  
des ign  approach .  Add i ti onal l y,  fu l l  AUTOMATIC  i denti fication  wi th  segmentation  cou ld  resu l t i n  
i nattenti veness  or a  loss  of s i tuational  awareness  of the  OPERATOR,  wh ich  cou ld  l ead  to  
i ncreased  RISK  d epend ing  on  the  OPERATOR ’ s  re l i ance  on  the  MEE  to  iden ti fy the  target  
anatomy.  USABILITY ENGINEERING  i n  accordance wi th  I EC  62366-1  shou ld  he lp  to  i n form  the  
development team  of the  appropriate  USABILITY  RISKs  and  trade-offs.  

D.6  Example 5  – Image-guided  radiotherapy equipment 

D.6. 1  Description  of the  med ical  procedures  

Image-gu ided  rad iotherapy ( IGRT)  equ ipment i s  covered  by I EC  60601 -2-68
 
[31 ] .  IGRT is  the  

PROCESS  where  an  image i s  taken  as  part of the  PATIENT  treatment and  is  then  used  to  ad just 
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the  PATIENT ’S  target pos i tion  re lati ve  to  the  rad iation  source  so  that the  rad iation  is  del i vered  
i n  the  PATIENT ’ s  orientation  GENERATED  i n  the  dose  treatment p lan .   

The  MES  for the  IGRT PROCESS  cons ists  of an  external  beam  equ ipment  (EBE)  and  a  
connected  and  i n teracti ng  IGRT equ ipment.  The  offl i ne  review workstation(s),  wh ich  can  be  
remote  from  the  treatment room ,  is  not part of the  MES .  Treatment i s  the  part after i n i ti ati ng  
the  treatment PROCESS  wi th ,  e . g .  a  beam  ON  bu tton .  I n  th is  example,  the  effect of DOA  on  on l y 
the  RISK MANAGEMENT PROCESS  for the  IGRT  equ ipment i s  d iscussed .  

IGRT equ ipment i s  consisti ng  ou t of an  imag ing  device  to  acqu i re  2D  or 3D  imag ing  data  from  
the  PATIENT .  Th is  image  acqu is i ti on  can  be  done  wi th  d i fferen t ki nd  of fixed ,  non-movable  
i nstal l ed ,  and  i ndependent and  movable,  or an  i n tegrated  imag ing  device.  After the  image 
acqu is i ti on ,  the  requ ired  corrections  are  ca lcu lated  and  then  appl ied  to  the  EBE.  

I n  th is  example  we  consider expl ici tl y the  IGRT equ ipment,  where  the  DOA  i s  focused  on  the  
actual  image reg istration  and  correction  calcu lations.  The  speci fic equ ipment,  i . e . ,  EBE,  wh ich  
final l y EXECUTES  the  actual  movement to  appl y the  corrections,  i s  ou tside  of the  IGRT 
equ ipment boundary.  I n  that sense  the  IGRT example  can  be  considered  a  non-robotic one.  

D.6.2  DOA  cl assi fication  method  

When  exam in ing  the  DOA  i n  Table  C. 1  and  Table  C. 2 ,  as  u ti l i zed  for the  image  anal ys is  to  
determ ine  the  PATIENT  support vector sh i fts  and  the  transfer of these  sh i fts  to  the  l i near 
accelerator,  i t  was  determ ined  that d i fferen t levels  can  be  grouped  i n to  3  classes  based  on  
the  OPERATOR ’S  ab i l i ty to  perform  the  MONITOR,  GENERATE  OPTIONS ,  SELECT an  OPTION ,  and  
correct  the  calcu lated  sh i fts  sent  to  the  l i near accelerator.  The  three  groups  are  as  fol l ows:  

– offl i ne  IGRT is  when  the  image for a l i gnmen t i s  taken  and  the  PATIENT  i s  a l l owed  to  l eave  
wh i le  the  image is  analysed  and  the  sh i fts  are  determ ined .  I n  most cases ,  the  image 
anal ys is  takes  p lace  at  another l ocation ,  by another OPERATOR  and  is  not bound  to  the  
MEE .  I n  th is  case,  there  is  ample  time for the  OPERATOR  to  check the  calcu lations  that  
m ight  have  been  done  by the  software.  

– on l i ne  IGRT is  when  the  image for a l i gnment i s  taken  and  the  corrections  are  calcu lated  
and  appl ied  wh i le  the  PATIENT  remains  i n  the  treatment pos i tion  on  the  MEE .  I n  th is  case,  
the  OPERATOR  h as  a  fi n i te  amoun t of t ime to  determ ine  i f the  corrections  be ing  appl i ed  are  
correct,  and  i f not,  to  ei ther abort the  start  of the  procedure  or determ ine  new corrections.  

– real -time IGRT is  when  images  for al i gnment are  taken  throughout  the  treatment del i very 
and  the  corrections  ca lcu lated  by the  IGRT equ ipment are  appl ied  d i rectl y to  the  control  of 
the  l i near accelerator wi thou t OPERATOR  i n terven tion .  At th is  l evel ,  the  OPERATOR  m ight or 
m ight not be  able  to  determ ine  i f the  calcu lations  are  correct wi th in  the  requ i red  tolerances  
of t ime sh i fts  needed  before  appl ication .  

The  descripti ve  method  g ives  a  cl ass i fication  of i ncreas ing  DOA  i n  IGRT MEE  as  shown  i n  
Table  D .8.  

The  overlap  of the  DOA  for the  fi rst  two  groups  i s  due  to  the  fact that i n  th is  s i tuation ,  DOA  by 
i tse l f i s  not the  on l y factor l ead ing  to  i ncreased  RISK,  another importan t factor i s  the  amount of 
time  the  OPERATOR  has  to  react  to  the  i n formation  processed  and  appl ied .  

When  using  the  bi nary class i fication  method ,  the  four parts  of the  med ical  procedure,  namely,  
MONITOR,  GENERATE ,  SELECT ,  and  EXECUTE  TASKS  have  to  be  assigned  wi th  the  correct 
mean ing  for the  rad iotherapy:  

– MONITOR:  Image  reg istration ,  acqu i ri ng  the  image  i n formation ;  

– GENERATE :  Calcu lation  of the  corrections  to  be  appl ied  based  on  the  p lann ing  image 
i n formation  and  the  acqu i red  images;  

– SELECT :  The  corrections  calcu lated  can  be  ei ther reviewed  by the  OPERATOR  and  corrected  
or approved ,  or the  IGRT  equ ipment j ust uses  the  GENERATED  sh i ft AUTONOMOUS ;  and  
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– EXECUTE :  Appl y the  correction  by e i ther chang ing  the  treatment p lan  or moving  the  
correspond ing  l i near accelerator’s  axes.  

Table  D .8  – Example  5  – Descriptive  classification  of DOA  for IGRT  MEE  

Degree  Mnemonic  

1  Fu l l  Manual  (FM)  

O
ff
li
n
e
 I
G
R
T
 

O
n
li
n
e
 I
G
R
T
 

 

2  Teleoperati on  (TO)  

3  Preprogramed  execu tion  (PE)  

4  Shared  decis ion  (SD)  

5  Decis ion  support  (DS)  

6  B lended  decis ion  (BD)   

7  Gu ided  decis ion  (GD)  

8  AUTONOMOUS  d eci s ion  (AD)  

 

R
e
a
l-
ti
m
e
 I
G
R
T
 

9  OPERATOR MON ITORING  (OM)  

1 0  Fu l l  AUTONOMY  (FA)   

 

The b inary method  g ives  a  classi fication  of i ncreas ing  DOA  i n  IGRT MEE  as  shown   
i n  Table  D .9 .  

Table  D .9  – Example  5  – Binary classification  of DOA  for IGRT MEE  

I ndex EXECUTE  SELECT  GENERATE  MON ITOR  
Offl i ne  
IGRT  

On l ine  
IGRT 

Real -time 
IGRT 

0  OPERATOR  OPERATOR  OPERATOR  OPERATOR  x  x  
 

1  OPERATOR  OPERATOR  OPERATOR  MEE  
 

x  
 

2  OPERATOR  OPERATOR  MEE  OPERATOR  
 

x  
 

3  OPERATOR  OPERATOR  MEE  MEE  
 

x  
 

4  OPERATOR  MEE  OPERATOR  OPERATOR  
 

x  
 

5  OPERATOR  MEE  OPERATOR  MEE  
 

x  
 

6  OPERATOR  MEE  MEE  OPERATOR  
 

x  
 

7  OPERATOR  MEE  MEE  MEE  
 

x  
 

8  MEE  OPERATOR  OPERATOR  OPERATOR  x  
  

9  MEE  OPERATOR  OPERATOR  MEE  
   

1 0  MEE  OPERATOR  MEE  OPERATOR  
   

1 1  MEE  OPERATOR  MEE  MEE  
   

1 2  MEE  MEE  OPERATOR  OPERATOR  
   

1 3  MEE  MEE  OPERATOR  MEE  
   

1 4  MEE  MEE  MEE  OPERATOR  
   

1 5  MEE  MEE  MEE  MEE  
  

x  

 

For a  better understand ing  and  clear d is tinction  between  the  three  groups ,  Table  D. 9  i s  sorted  
accord ing  to  the  column  related  to  the  "EXECUTE "  TASK.  Note  that the  i ndex was  kept at the  
orig inal  b i nary order.  
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D.6.3  RISK ANALYSIS  for each  l evel  of DOA  

Offl i ne  IGRT  – the  DOA  for offl ine  IGRT is  rang ing  from  1  to  7  (descripti ve  method)  or,  0  and  8  
(b inary method)  respective l y.  I n  both  DOA  c l ass i fication  methods  the  h i ghest DOAS  are  not 
used  because  the  SELECT  and  the  EXECUTE  TASKS  are  under the  control  of the  OPERATOR .  

On l ine  IGRT  – the  DOA  for on l ine  IGRT is  rang ing  from  1  to  7  (descripti ve  method)  or,  0 ,  2 ,  4 ,  
6 ,  8 ,  1 0,  1 2 ,  1 4  (b inary method)  respectivel y.  I n  both  DOA class i fication  methods  the  h i ghest 
DOAS  a re  not  used  because  the  SELECT  and  the  EXECUTE  TASKS  are  under the  con trol  of the  
OPERATOR.  The  major d i fference between  the  offl i ne  and  on l ine  procedures  i s  the  time 
avai l able  for the  SELECT  TASK.  

Real -time  IGRT – the  DOA  for rea l -time  IGRT is  rang ing  from  8  to  1 0  (descripti ve  method)  or 
1 5  (b inary method)  respectivel y.  Both  DOA  class i fication  methods  resu l t i n  a  h i gh  DOA.  Th is  i s  
main l y because  the  SELECT  and  EXECUTE  TASKS  are  sole l y con trol l ed  by the  MEE .  

I t  i s  up  to  the  MANUFACTURER  to  decide  whether to  use  the  descripti ve  or bi nary methods.  I n  
case  of uncertain ty i t  i s  recommended  to  assume that the  h igher DOA i s  appropriate.  

D.6.4  Effect of DOA on  the  RISK MANAGEMENT PROCESS  

Based  on  the  above assessment,  the  effect of DOA  i n  the  RISK MANAGEMENT PROCESS  for the  
on l i ne  IGRT and  real -time IGRT use  cases  i s  most re levant here.  AUTONOMY  i s  main l y u ti l i sed  
to  improve the  rad iation  de l i very accuracy by detecti ng  and  compensating  for the  target 
motions  before  or during  the  treatment.   

Table  D. 1 0  presents  a  summary of the  effect of DOA  on  the  RISK MANAGEMENT PROCESS  for th is  
type  of MEE .  

D.6.5  Summary and  conclusions  

During  real -time IGRT treatments ,  a  h i gh  DOA  i s  u ti l i sed  i n  order to  ach ieve  more  accurate  
rad iation  targeting ,  a l l owing  the  reduction  of the  p lanned  treatmen t volume’s  marg in  for the  
PATIENT ’ s  benefi t.  Because  the  m i ti gation  of the  i ncreased  RISK  i s  done  through  d isplay of 
images  or pos i ti on  i n formation  to  the  OPERATOR,  USABILI TY  becomes  more  important to  
evaluate  i f the  OPERATOR  can  hand le  the  i ncreased  amount of in formation .  Add i ti onal l y,  as  the  
DOA  i s  i ncreased ,  the  potential  for the  OPERATOR  to  l ose  s i tuation  awareness  needs  to  be  
assessed  for the  appl ication .  Presentl y,  a  DOA  of fu l l  AUTONOMY i s  not  a l l owed  for these  
systems  by I EC 60601 -2-1 ,  as  i t  i s  requ i red  that the  OPERATOR  can  a lways  I NTERRUPT  the  
procedure  at any time.  
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Table  D . 1 0  – Example 5  – Effect of DOA  on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

Onl i ne  IGRT Error i n  correctl y 
detecti ng  the  
target posi ti on ,  
and  i naccuratel y 
calcu lati ng  the  
an ti cipated  target  
pos i ti ons  l ead ing  
to  a  wrong  
I RRAD IATION  
pos i ti on  and  
wrong  treatment 
of the  PATI ENT  

More  accu rate  PATI ENT  
treatment setup  
posi ti on  due  to  a  better 
detection  of the  target  
posi ti on  and  a  more  
accurate  calcu lati on  of 
the  an ti ci pated  
correction  can  be  
ach ieved  by us ing  a  
better image  anal ys i s  
a l gori thm  and  us ing  a l l  
ava i l able  d ata  for the  
image  reg i strati on  and  
correction  calcu l ation .  

Wrong  PATIENT  setup  
posi ti on  because  the  
target posi ti on  i s  
being   m i scalcu lated  
by e i ther wrong  
image  reg i strati on  or 
correction  
cal cu lation  and  the  
OPERATOR  fa i l s  to  
detect  i t  pri or to  the  
start  of the  
treatment,  l ack of 
s i tuational  
awareness  

On l i ne  IGRT 
improves  the  i n i ti a l  
setup  posi ti on i ng  
bu t  does  not  take  
i n to  account  
PATIENT  and  target  
movements ,  after 
the  correction  have  
been  appl i ed  and  
the  treatment 
s tarted .  

Real -time  IGRT Error i n  correctl y 
detecti ng  the  
target posi ti on  
and  movement,  
i naccuratel y 
pred icti ng  the  
an ti ci pated  target  
posi ti on  and  
motion ,  
i naccuratel y 
calcu lati ng  the  
an ti ci pated  target  
posi ti ons,  and  
l im i tations  due  to  
the  bounds  of the  
EBE  not  being  
able  to  apply the  
requested  
changes,  l ead ing  
to  a  wrong  
I RRAD IATION  
pos i ti on  and  
wrong  treatment 
of the  PATI ENT  

Better overal l  PATI ENT  
treatment,  because  of 
the  AUTOMATIC  
ad j ustments  of the  
treatment  parameters  
re l ati ng  to  the  moving  
target posi ti on  are  
appl i ed  i nstan taneousl y 
and  heal thy t i ssue  i s  
spared  from  being  
I RRAD IATED .  

The  treatment  beam  i s  
tu rned  off 
i nstantaneously when  
equ i pment l im i tations  
are  detected  and  no  
unwanted  i rrad iati on  
occurs  due  to  s l ow 
reaction  t imes  of the  
OPERATOR .  

The  au tomated  
ad justments  of the  
treatment  
parameters  are  
delayed  or wrong .  

Col l i s i ons  between  
the  PATI ENT  and  MEE  
are  more  l i kel y to  
happen  due  to  the  
repeated l y appl i ed  
AUTOMATIC  
ad j ustments  of the  
treatment 
parameters.  

OPERATOR  l oses  
s i tuational  
awareness  du ri ng  
rea l -time  IGRT 
PROCESS  and  does  
not  respond  qu ickly 
to  emergent 
s i tuation .  

 

 

D.7  Example 6  – Automated  external  defibri l lator (AED)  

D.7. 1  Description  of the  med ical  procedures  

An  AUTOMATIC  external  defibri l l ator a ims  to  normal ise  the  rhythm  of the  heart  by an  e lectrical  
pu lse  via  e lectrodes  appl ied  to  the  PATIENT ’S  skin .  I t  i s  used  i n  (emergency)  treatment of l i fe-
threaten ing  card iac d ysrhythm ias  such  as  ventricu lar fibri l l ation  and  pu l se less  ventricu lar 
tachycard ia.  As  an  AED  has  no  actuated  mechan ism ,  nor i s  moving  wi th in  i ts  envi ronment,  i t  
i s  not a  MEDICAL ROBOT .  I t  i s  i ncluded  here  as  example,  as  i t  i s  an  MEE  wi th  a  h i gh  DOA  for 
several  of i ts  functions,  i n  con trast wi th  the  classica l  manual l y operated  defibri l l ators.  As  
defibri l l ators  are  typical l y u sed  i n  emergency s i tuations,  they are  usual l y operated  and  
avai l able  i n  crowded  publ ic  spaces.  As  a  defibri l lator’s  el ectric  shock can  be  harmfu l  for a  
heal thy function ing  heart,  the  au tomated  external  defibri l l ator  (AED)  has  been  i n troduced  
where  the  defibri l l ator’s  actions,  once  i t  i s  activated  by the  OPERATOR,  are  au tomated  to  
anal yse  the  ECG  obtained  from  the  e lectrodes  placed  on  the  PATIENT ’S  skin ,  i den ti fy 
shockable  card iac rh ythms  and  au tomatical l y operate  the  defibri l l ator when  a  shockable  
rhythm  is  detected .  Whi le  a  manual  defibri l lator i s  i n tended  to  be  used  by a  med ica l  
professional ,  an  AED  is  i n tended  to  a l l ow the  OPERATOR  to  be  a  l ay person  and  to  reduce the  
RISK  of us ing  the  device.  The  PROCESS  of au tomating  the  defibri l l ation  PROCESS  i s  explored  i n  
th is  example.  
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D.7.2  DOA  cl assi fication  method  

I n  s i tuations  where  a  defibri l l ator i s  used ,  the  functions  of the  MONITOR,  GENERATE ,  SELECT  and  
EXECUTE  TASKS  can  be  characterized  as  fo l l ows:  

– MONITOR:   Detection  of possib le  emergency s i tuations  (ven tricu lar fi bri l lation);  
Measurement of heart rhythm  to  detect potential  ven tricu lar fibri l l ation ;  
Detect correct  moment to  appl y e lectrical  pu lse.  

– GENERATE :  E lectrical  pu lse  of d i fferent i n tensi ty (energy i n  j ou les)  or no  pu lse.  

– SELECT :   E lectrical  pu lse  of selected  in tens i ty or no  pu lse .  

– EXECUTE :  Bri ng ing  and  connecting  the  defibri l l ator to  the  PATIENT (done  as  step  1 ;  i . e.  
done  i n  the  MONITORING  TASK) ;  Connecting  the  e lectrodes  to  the  PATIENT ’ s  
skin ;  and  Provid ing  the  electrica l  pu lse  of se lected  i n tens i ty at  the  
appropriate  moment.  

The  descripti ve  method  presented  in  Table  D. 1 1  i s  used  to  i n troduce DOA  i n to  the  AED.  I n  
Table  D . 1 1 ,  the  i n formation  needed  to  classi fy the  AED  is  provided .  

The  operation  of the  AED,  accord ing  to  the  descripti ve  method ,  can  be  classi fi ed  as  having  a  
DOA  =  9 ,  OPERATOR  perform ing  the  MONITOR TASK  (OM):  The  MEE  GENERATES  OPTIONS ,  SELECTS  
the  OPTION  to  implement and  EXECUTES  the  chosen  OPTION .  The  OPERATOR  mon i tors  the  MEE  
and  in tervenes  i f necessary.  I n tervention  p laces  the  human  i n  the  role  of making  a  d i fferen t  
OPTION  se lection .  During  the  procedure  there  m igh t be  decis ion -making  poin ts  that  wi l l  be  
decided  by the  MEE .  

Table  D . 1 1  – Example 6  – Descriptive  method  classification  
of DOA  i n  external  defibri l l ators  

Function  Description  I n  manual  AED  In  AED  DOA  for AED  

MON I TOR  a .  Detection  of poss ible  
emergency s i tuati ons  

a.  OPERATOR  a .  OPERATOR  Shared ,  bu t  MEE  
on  CLIN ICAL  
FUNCTION  (b  and  
c)  b.  Measurement  of heart  

rhythm  to  detect poten tia l  
heart  fi bri l l ati on  s i tuati ons  

b .  OPERATOR wi th  
poss ible  MEE  
support  

b .  MEE  

c .  Detection  of correct 
moment to  appl y e l ectri cal  
pu l se  

c.  OPERATOR  c.  MEE  

GENERATE  E l ectri cal  pu l se  of speci fi c  
i n tensi ti es  at  speci fi c  
moments  or no  pu l se  

OPERATOR  wi th  
l im i ted  presel ected  
OPTIONS  

MEE ,  wi th  l im i ted  
prese lected  
OPTIONS  a

 

MEE  

SELECT  E l ectri cal  pu l se  of se lected  
i n tensi ty at  se lected  
moment  or no  pu l se  

OPERATOR  MEE  MEE  

EXECUTE  a .  Bri ng ing  the  defibri l l ator 
to  the  PATI ENT and  tu rn ing  i t  
on  

a.  OPERATOR  a .  OPERATOR
 

Shared ,  bu t  MEE  
on  CLIN ICAL  
FUNCTION   (c)  

b.  P l acement of the  
defibri l l ator probes  
(el ectrodes)  on  the  
PATIENT ’S  ski n   

b .  OPERATOR  b .  OPERATOR ,  wi th  
gu idance  of MEE  

c .  Appl i cation  of the  
selected  pu l se  (CLIN I CAL  
FUNCTION )  

c.  OPERATOR  c.  MEE  b  

a  As  the  OPTIONS  were  presel ected  by the  MANUFACTURER ,  the  defibri l l ator can  a l so  be  cl assi fi ed  as  
AUTOMATIC ,  bu t as  the  function ing  of the  AED  i s  not  necessari l y fu l l y u nderstood  by i ts  OPERATOR ,  i t  i s  
preferabl e  to  speak of the  devi ce’s  DOA.  

b  Sometimes  the  MEE  i nd i cates  the  correct moment  for appl ying  the  pu l se  bu t  the  OPERATOR needs  to  a l l ow the  
shock to  be  app l i ed  by keepi ng  a  bu tton  pushed ,  mean i ng  that  the  OPERATOR can  a lways  SELECT  the  ‘ no  
pu l se’  OPTION .  
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D.7.3  Effect of DOA  on  the  RISK MANAGEMENT PROCESS  

Table  D . 1 2  describes  the  effect of DOA  on  the  RISK MANAGEMENT PROCESS  for the  AED.  

Table  D . 1 2  – Example  6  – Effect of DOA on  the  RISK MANAGEMENT PROCESS  

Function/TASK  HAZARDS  
Impact of i ncreasing  DOA  Add i tional  

considerations  Reduced  RISK  I ncreased  RISK  

Applying  the  
e l ectri cal  pu l se  of 
selected  i n tensi ty 
at  se lected  
moment  

Death  or 
impai rment  of 
the  PATI ENT  
because  MEE  
cannot  rea l i ze  
the   e l ectri cal  
pu l se  
( I N TENDED  USE  
fa i l s )  

No  impact.  No  impact  Th i s  depends  on  
actions  (main l y p l aci ng  
e l ectrodes  correctl y)  
that  are  performed  by 
OPERATOR  or general  
MEE  mal function  for 
both  l ow and  h i gh  DOA  
implementation  of MEE  

Death  or 
impai rment of 
the  PATI ENT  
because  MEE  
provi des  a  
pu l se  when  not  
requ i red  

When  device  i s  
correctl y i nstal l ed ,  
h i gher DOA l eads  to  
fewer i ncorrectl y 
appl i ed  e l ectri ca l  
pu l ses,  especi a l l y i n  
the  case  of l ay 
OPERATORs  

Wi th  ski l l ed  
OPERATORs,  they 
m igh t,  i n  some  cases,  
have  a  better 
j udgment  than  the  
AED  

 

OPERATOR  
recei ves  an  
e l ectri cal  
shock 

No  impact  No  impact  Th i s  depends  on  
actions  (p lacing  
e l ectrodes)  that  are  
performed  by the  
OPERATOR for both  l ow 
and  h i gh  DOA  
implementation  of MEE  

Death  or 
impai rment of 
the  PATI ENT  
because  
selected  
OPTION  
(e l ectri cal  
pu l se)  i s  not  
adequate  

DOA  GENERATES  and  
SELECTS  better 
OPTIONS  th an  a  l ay 
OPERATOR  

Wi th  a  ski l l ed  
OPERATOR ,  he/she  
m igh t,  i n  some  cases,  
have  a  better 
j udgment  than  the  
AED  

 

 

D.7.4  Summary and  conclusions  

As an  AED is  i n tended  to  be  used  by a  lay OPERATOR,  i ncreasing  i ts  DOA  can  reduce several  
SAFETY  RISKS  associated  wi th  i ts  use.  Au tomating  these  functions  and  a l l owing  a  l ay person  to  
use  the  device  requ ires  that the  AED  instruct the  OPERATOR  adequately du ring  operation .   
These  i nstructions  faci l i tate  the  s i tuation  awareness  of the  OPERATOR  wi th  respect to  
perform ing  the  necessary TASKS ,  and  reduce the  need  to  be  fam i l i ar wi th  device  operation  
detai ls .  Automating  aspects  of the  MONITOR,  GENERATE ,  SELECT  and  EXECUTE  TASKS  for a  
ski l led  OPERATOR  cou ld  l ead  to  l ess  or no  reduction  of associated  RISKS .  
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Annex E  
(informative)  

 
PATIENT  SAFETY  characteristics  to be  taken  in to account 
during  RISK MANAGEMENT  for MEE  or MES  employing  DOA  

E.1  Types  of PATIENTS  

The RISK MANAGEMENT  PROCESS  for MEE  or MES  employing  DOA  can  be  part of an  organ ization ’s  
qual i ty management system .  The  i n tegration  shou ld  ensure that i n formation  about RISK  i s  
used  as  a  bas is  for decision  making  at a l l  l evels  of the  organ ization  regard ing  MEE  or MES .   
I n tegration  does  not s impl y involve  i n troducing  establ ished  and  standard ized  RISK 

MANAGEMENT tools  and  PROCESSES  i n to  existing  qual i ty management systems.  I t  requ ires  the  
adaptation  and  a l teration  of those tools  and  PROCESSES  to  su i t the  needs  of the  decis ion  
makers  and  their existi ng  PROCESSES  for decis ion  making .  A key part of the  RISK MANAGEMENT 
PROCESS  i s  to  cons ider the  SAFETY  characteristics  of the  PATIENT to  ensure  BASIC SAFETY and  
ESSENTIAL PERFORMANCE  of MEE  or MES  when  DOA  i s  i n troduced ,  as  MEE  or MES  employing  DOA  
can  have  a l gori thms  to  i den ti fy types  of PATIENTS  and  the ir SAFETY  characteristics .  

Types  of PATIENTS  are  normal l y categorized  as  fol lows:  

1 )  Premature  baby/preborn  baby (Preterm  bi rth)  

2)  Neonate  baby/newborn  baby (from  b i rth  to  1  month  of age)  

3)  I n fan t (greater than  1  month  to  2  years  of age)   

4)  Ch i l d  (greater than  2  to  1 2  years  of age)  

5)  Adolescen t (greater than  1 2  to  21  years  of age)  

6)  Adu l t (greater than  21  to  65  years  of age)  

7)  Geriatric/E lderl y (greater than  65  years  of age)  

NOTE  1  Ped i atri c  subgroups  i ncl udes:  Neonate  baby (2),  I n fan t  (3 ),  Ch i l d  (4 )  and  Adol escent  (5)  g roups  above.  

NOTE  2  The  gender of the  PATIENT  can  be  an  important  part  of PATIENT  characteri sti cs .  

NOTE  3  The  type  of PATIENT  years  as  i n d icated  above  are  for reference  on l y;  there  i s  no  i n ternational  consensus  
on  the  age  group ing  per type  of PATI ENT .  

Higher RISK  l evels  are  found  at the  extrem ities  of the  d i fferen t types  of PATIENTS .  For PATIENT  
types  1 ,  2 ,  3 ,  4  and  7 ,  there  are  common l y h i gher RISK  l evels  s ince  the  RISK  CONTROL  measure  
of tra in ing/OPERATOR  manual  and  label l i ng  typ ical l y cannot be  used  as  RISK  con trol .  These  
PATIENT  types  cannot read  instructions  and  have  l im i ted  capabi l i ti es  to  avoid  HAZARDS ;  for 
more  in formation  see  I SO TR 2241 1  [52] .  

E.2  Addi tional  attention  for chi ld  (PATIENT)  SAFETY  

Ch i l d  SAFETY  shou ld  be  a  major concern  for society,  because  ch i l dhood  and  adolescent 
i n j uries  are  a  major cause  of death  and  d isabi l i ty i n  many countries.  Ch i l d ren  are  born  i n to  an  
adu l t worl d ,  wi thou t experience  or appreciation  of RISK  bu t wi th  a  natura l  des ire  to  explore.  
Consequentl y,  the  poten tial  for in j u ry is  particu larl y g reat during  ch i l dhood .  S ince  supervis ion  
to  the  degree  that a lways  prevents  or controls  potentia l l y harmfu l  i n teractions  i s  ne i ther 
possib le  nor practical ,  add i ti onal  i n ju ry prevention  strateg ies  are  necessary.  

I n tervention  s trateg ies  a imed  at protecting  ch i l d ren  shou ld  recogn ize  that ch i l d ren  are  not l i ttl e  
adu l ts .  Ch i l d ren 's  susceptib i l i ty to  i n j ury and  the  nature  of thei r in j uries  d i ffer from  those  of 
adu l ts .  Such  i n terven tion  strateg ies  shou ld  a lso  recogn ize  the  fundamenta l  concept that 
ch i l d ren  do  not MISUSE  products  or surround ings.  Rather,  ch i l d ren  in teract  wi th  them  in  ways  
that reflect normal  ch i ld  behaviour,  wh ich  wi l l  vary accord ing  to  the  ch i ld 's  age  and  l evel  of 
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development.  Therefore,  i n terven tion  s trateg ies  i n tended  to  protect ch i ld ren  m ight d i ffer from  
those  i n tended  to  protect  adu l ts.  

As  i n j uries  to  ch i l d ren  are  closel y re lated  to  the ir developmental  stage  and  the ir exposure  to  
HAZARDS  at  various  ages,  i t  i s  important to  sort ch i l d  i n ju ry data  by age  g roup to  i den ti fy the  
patterns  that emerge.  

The  i denti fication  of appropriate  RISK  control  measures  are  based  on  the  methods  of 
epidem iology,  eng ineering  and  b iomechan ics  as  wel l  as  by the  feedback cycle  of gradual  
improvements  i n  des ign .  When  choosing  preven tive  measures,  i t  shou ld  be  recogn ized  that 
to lerable  levels  of RISK  for adu l ts  m igh t not be  su fficien t to  protect ch i l d ren .  When  i n troducing  
measures  des igned  to  protect adu l ts ,  i t  i s  essen tia l  to  cons ider any potentia l  effects  that m igh t  
i ncrease  RISKS  to  ch i ld ren  (e. g .  passenger s ide  ai r bags  i n  cars).  PATI ENT  characteristics  
re lated  to  the  SAFETY  of the  med ical  device  have  to  be  cons idered .  

The  PATIENT  characteristics  mentioned  in  C lause  E . 2  shou ld  be  addressed  through  the  RISK 

MANAGEMENT PROCESS ,  as  per 4 . 2  of I SO  1 4971 : 2007.  

E.3  PATIENT  abi l i ties  and  variabi l i ty of physiological  signals  

E.3.1  ISO/IEC Gu ide  71  

PATIENT  ab i l i ti es  and  variabi l i ty are  described  in  detai l  i n  C lause  7  of I SO/IEC  Gu ide  
71 : 201 4  [63] .  Brief detai l s  are  summarized  here,  emphasizing  the  connection  to  DOA.  

E.3.2  Changing  need  and  abi l i ti es  of PATIENTS  

The needs  and  abi l i ti es  of PATIENTS  change  as  they advance from  ch i ldhood  to  old  age  and  
the  ab i l i ti es  of i nd ividuals  in  any particu lar age  group vary substantia l l y.  I t  i s  important to  
recogn ize  that functional  and  cogn i ti ve  l im i tations  vary from  comparativel y m inor impairment 
to  more  extreme forms.  I t  shou ld  be  noted  that a l though  some l im i tations  m igh t  be  m inor i n  
nature,  i n  combination ,  as  i s  the  case  i n  ageing ,  these  can  pose  s i gn i ficant problems,  
especial l y when  DOA  i s  i n troduced  i n to  MEE  or  MES  for the  d i fferent types  of PATIENTS .  

The  fo l l owing  subclauses  provide  descriptions  of body functions  or PATIENT abi l i ti es  and  the  
practical  impl ications.  Th is  i s  to  i n form ,  i ncrease  understand ing  and  ra i se  awareness  abou t 
how human  abi l i ti es  impact the  BASIC SAFETY  and  the  ESSENTIAL  PERFORMANCES  of MEE  and  
MES  when  i n troducing  DOA.  

E.3.3  PATIENT’S  sensory abi l i ties  

PATIENT ’ s  sensory abi l i ti es  cou ld  be  important for MGSE  in  MEE  or MES  wi th  DOA.  Some key 
sensing  ab i l i ti es  are  l i s ted .  

Seeing  – Seeing  re lates  to  sensing  the  presence of l ight and  sens ing  the  form ,  s ize,  shape  
and  colour of visual  s timu l i .  

Hearing  – Hearing  functions  re late  to  sens ing  the  presence of sounds  and  d iscrim inati ng  the  

l ocation ,  p i tch ,  l oudness,  qual i ty and  comprehension  of sounds.  

Touch  – Touch  functions  re late  to  sens ing  surfaces  and  thei r texture  or qual i ty.  There  wi l l  be  

re l i ance  on  other stimu l i ,  particu larl y visual  and  aud i tory.  

Taste/smel l  – Taste  and  smel l  are  separate  senses  bu t have  been  grouped  together because  
of thei r s im i lar practica l  impl ications.  Taste  re lates  to  sensing  four bas ic qual i ties  (b i tter,  
sweet,  sour and  sal t)  through  receptors  on  the  tongue.  Smel l  re lates  to  the  use  of receptors  i n  
the  nose  to  sense  odours  and  smel ls .  The  two senses  of taste  and  smel l  are  used  together to  
i denti fy the  range  of fl avours  wh ich  can  normal l y be  d isti ngu ished .  
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Balance  – The  abi l i ty to  main ta in  balance  and  avoid  fa l l i ng  is  dependen t on  a  complex 
system ,  wh ich  i nvolves  the  bra in  coord inati ng  visual  stimu l i ,  feedback from  the  balance  
mechan ism  in  the  ears  and  movement of the  l imbs.  Continuous  control  of balance  is  requ i red  
during  vi rtual l y a l l  types  of acti vi ties.  

E.3.4  PATIENT’S  PHYSICAL ABILITIES  

The  PATIENT ’ s  physical  abi l i ti es  cou ld  be  importan t for MONITORING-GENERATING -SELECTING-
EXECUTING  in  MEE  or MES  wi th  DOA.  Some key phys ical  abi l i ti es  are  l i sted  below.  

Dexteri ty  – Dexteri ty re lates  to  acti vi ti es  of hand  and  arm  use,  parti cu larl y coord inated  
actions  of hand l ing  obj ects,  p icking  them  up,  man ipu lati ng  and  releas ing  them ,  using  one  
hand ,  fi ngers  and  more  speci fical l y,  thumbs.  

Manipu lation  – Man ipu lation  re lates  to  acti vi ties  of carrying ,  moving  and  manoeuvring  
obj ects .  I t  i ncludes  actions  using  l egs,  feet,  arms,  and  hands  – reach ing ,  l i fting ,  pu tti ng  down ,  
pu l l i ng ,  push ing ,  kicking ,  grasping ,  re leas ing ,  tu rn ing ,  throwing  and  catch ing .  

Movement  – Movement relates  to  acti vi ti es  of chang ing  the  body pos i tion  and  transferring  

onesel f from  one  area  to  another us ing  legs,  feet,  arms  and  hands.  

Strength  and  endurance  – Strength  re lates  to  the  force  generated  by the  con traction  of a  
muscle,  or muscle  group,  when  carrying  out an  acti vi ty.  Streng th  can  be  the  force  exerted  wi th  
a  speci fic part of the  body in  a  speci fic action  (e. g .  push ing)  or appl i ed  to  a  speci fic object 
(e. g .  open ing  bottle  tops).  Acti vi ties  i nclude  pu l l i ng ,  l i fting ,  press ing ,  gripping ,  p i nch ing ,  and  
twisti ng .  Strength  a lso  depends  on  endurance,  the  capaci ty to  sustain  force.  Th is  can  be  
re lated  to  heart and  l ung  function .  L im i ted  strength  is  common  to  many phys ica l l y d isabl i ng  
cond i ti ons  and  i s  a  common  reason  for being  unable  to  operate  equ ipment.  

Voice  – Voice  relates  to  the  sound  produced  by the  vocal  organs,  usual l y as  speech .  Speech  
impairments  can  i n fl uence speech  i n  a  general  way,  or on l y certa in  aspects  of i t  such  as  
articu lation ,  volume,  fl uency,  speed ,  melody and  rhythm .  

E.3.5  PATIENT’S  COGNITIVE  ABILITIES  

The PATIENT ’ s  cogn i ti ve  ab i l i ti es  cou ld  be  importan t for MONITORING-GENERATING -SELECTING-
EXECUTING  in  MEE  or MESs  wi th  DOA.  Some key cogn i ti ve  abi l i ti es  are  l i s ted .  

General  – Cogn i ti on  i s  the  understand ing ,  i n tegrati ng  and  process ing  of in formation .  The  
i n formation  i ncludes  abstraction  and  organ ization  of i deas  and  time  management.  

In tel l ect  –  I n te l lect i s  the  capaci ty to  know,  understand ,  and  reason.  

Memory  – Memory re lates  to  specific menta l  functions  of reg istering  and  storing  i n formation  

and  retrieving  i t  as  needed .  

Language  and  l i teracy  –  Language  and  l i teracy are  the  speci fic mental  functions  of 
recogn izing  and  using  s i gns,  symbols  and  other components  of a  l anguage.  

E.3.6  PATIENT ALLERGIES  

The PATIENT ’ s  a l l erg ies  cou ld  be  importan t for MONITORING ,  GENERATING ,  SELECTING  AND  
EXECUTING  in  MEE  or MES  wi th  DOA.  Some key a l l erg ies  are  l i s ted .  

Contact al lerg ies  – Contact a l l erg ies  are  caused  by a l lergens  that en ter the  body through  the  
skin .  They are  particu larl y con tained  in  powders,  l oti ons,  perfumes,  scented  products,  
cosmetics ,  household  chem icals,  some metals ,  or l atex,  and  can  be  found  i n  many household ,  
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bu i l d ing  and  electrica l  appl i ances.  Con tact a l l ergy is  prevalent among  about 1 5  %  of the  
popu lation  and  is  often  l i fe long .  

Food  al l erg ies  –  A food  a l l ergy is  a  reaction  or i n to lerance to  one  or more  foodstuffs.  A great 
number of foods  can  cause  a l l erg ic reactions,  the  most common  being  m i l k,  wheat,  soy,  egg ,  
peanu ts  and  fi sh .  Food  colours,  preservatives  and  add i ti ves  are  a lso  major causes  of 
a l l erg ies .  

PATIENTS ’  respiratory al lerg ies  – Ai rborne  a l lergens  cover those  that are  i nhaled ,  such  as  
dust,  pol len ,  m i tes,  mou lds  and  an imal  detri tus.  The  most typica l  respi ratory a l l ergy is  asthma,  
wh ich  resu l ts  i n  constriction  of the  respiratory channels  and  breath lessness.  
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Annex F  
(informative)  

 
PHYSIOLOGIC  CLOSED-LOOP CONTROL SYSTEM  AND DOA  

Figure  F. 1 ,  wh ich  is  F igure  1  from  I EC 60601 -1 -1 0: 2007,  presents  a  typ ical  closed- loop  
con trol  system  that sets  the  con trol l er ou tput variable  i n  order to  ad just  the  measured  
PHYSIOLOGIC VARIABLE  by re lating  i t  to  a  reference variable .  The  closed- loop system  has  a  
number of e lements  wh ich  have  a  role  to  p lay i n  the  making  the  measurement,  comparing  the  
actual  ou tput  wi th  what i t  shou ld  be  to  generati ng  and  implementing  the  requ i red  control  
ou tpu t to  meet the  desi red  goal .  

 

Elements  VARIABLES  

PCLC  PHYSIOLOGIC  CLOSED -LOOP  CONTROLLER   

A ACTUATOR  m  MAN IPULATED  VARIABLE  

C  COMMAND  TRANSFER ELEMENT  w  REFERENCE  VARIABLE  

D COMPARI NG  ELEMENT  e   ERROR VARIABLE  

E  CONTROL  TRANSFER ELEMENT  x   CONTROLLER OUTPUT VARIABLE  

F  MEASURI NG  TRANSFER ELEMENT  f  FEEDBACK VARIABLE  

P  PATIENT TRANSFER ELEMENT  y   PHYSIOLOGI C  VARIABLE  

 v
p
  PATIENT D I STURBANCE  VARIABLE  

 c  COMMAND  VARIABLE  

Figure  F . 1  – Functional  d iagram  indicating  typical  components  of  
a  PHYSIOLOGIC  CLOSED-LOOP CONTROL SYSTEM  (PCLCS)  uti l i zing  a  PCLC  

When  DOA  i s  i n troduced  i n to  the  MEE  or MES ,  the  closed- loop  system  presents  the  fu l l  range  of 
MONITORING ,  GENERATING ,  SELECTING  and  EXECUTION  acti vi ties  i n  a  hol is tic  manner.  When  the  
MONITORING ,  GENERATING ,  SELECTING  and  EXECUTION  TASKS  are  cons idered  i nd ividual l y,  on l y 
re levant parts  of the  closed- loop system  are  acti ve.  F igure  F. 1  shows wh ich  e lements  are  
re levant for each  of the  MONITORING ,  GENERATING ,  SELECTING  and  EXECUTION  TASKS .  

There  are  various  ways  of cons idering  how DOA  can  be  i ncluded  i n  speci fic features  of 
MEE/MES .  For example,  the  MONITORING  TASK  i ncludes  the  measuring  transfer and  cou ld  
i nclude  comparing  e lements  from  the  PATIENT  or the  CLIN I CAL FUNCTION  be ing  performed ;  
hence  i f DOA  i s  to  be  i n troduced  i n to  the  MONITORING  TASK,  i t  wou ld  be  appropriate  to  i n troduce 
DOA  to  these  e lements  and  examples  (shaded  areas)  are  shown  i n  F igure  F. 2.  S im i l arl y,  i f DOA  
i s  to  be  i n troduced  in to  the  GENERATING ,  SELECTING  or EXECUTION  TASKS ,  DOA  cou ld  be  
i n troduced  to  the  re levant e lements  and  examples  are  shown  i n  F igure  F . 3  to  F igure  F. 5.  
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Figure F .2  – Examples  of i n troducing  DOA  i n to  the  MONITORING  TASK  via  PCLCS 

  

 

Figure F .3  – Examples  of i n troducing  DOA  i n to  the  GENERATING  TASK  v ia  PCLCS 

  

 

 

 

Figure  F .4 – Examples  of i n troducing  DOA  i n to  the  SELECTION  TASK  vi a  PCLCS  
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Figure F .5  – Examples  of i n troducing  DOA  i n to  the  EXECUTION  TASK  via  PCLCS  
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Annex G  
(informative)  

 
Examples  of d istributed  ESSENTIAL PERFORMANCE  

Table  G . 1  i s  an  i n formative  l i st  of the  ESSENTIAL  PERFORMANCES  extracted  from  the  3 rd  ed i tion  
series  of the  I EC 60601 -2-XX and  I EC I SO 80601 -2-XX standards.  The  fo l l owing  ESSENTIAL 
PERFORMANCES  l i st has  been  consol idated  to  faci l i tate  read ing  and  ESSENTIAL  PERFORMANCES  
i denti fication .  

Table  G. 1  – Examples  of d istributed  ESSENTIAL PERFORMANCE  (1  of 3)  

ESSENTIAL  PERFORMANCE  Extracted  from  MEE  particu lar standard  

Accuracy of l oad i ng  factors   I EC  60601 -2-45,  I EC 60601 -2-54  

Accuracy of ou tpu t  I EC 60601 -2-24  

Accuracy of pressure  measurements  I EC 60601 -2-34  

Accuracy of s i gnal  reproduction  I EC 60601 -2-26  

Accuracy of the  cl i n i cal  treatment  I EC 60601 -2-24  

Accuratel y d i fferenti ate  between  needed  ou tput  and  non -
needed  ou tpu t  

I EC 60601 -2-4,  I EC 60601 -2-5  

Adherence  to  the  accu racy of the  vol ume  and  fl ow to  PATI ENT  
( i n fl ow/outfl ow vo lume)  

I EC 60601 -2-34,  I SO  80601 -2-1 3  

Alarm  s i gnal s  of h i gh  priori ty a l arm  cond i ti ons  I EC 60601 -2-24  

Alarm  system  that  i ncl udes  the  capabi l i ty to  detect  a  
phys i olog ical  a l arm  cond i ti on :  D iagnosis  accuracy,  pu l se  rate  
accuracy and  l im i t  a l arm  cond i ti ons  or generation  of a  
techn ical  a l arm  cond i ti on  

I SO  80601 -2-61  

Assurance  that  there  i s  no  u nacceptable  RI SK,  i f there  i s  a  l ack 
of,  or s i gn i fi cant  error i n ,  provi s ion  of a  parti cu l ar ou tpu t to  
provi de  accu rate  d iagnos is  or therapy wh ich  i s  not  i d en ti fi abl e  
by a  trai ned  OPERATOR  

I EC 60601 -2-1 8  

Assurance  that  there  i s  no  u nacceptable  RI SK  th at  the  
OPERATOR  i s  vi ewing  the  l i ve  image  duri ng  a  procedure,  rather 
than  a  recorded  image  

I EC 60601 -2-1 8  

AUTOMATIC  con tro l  system  I EC 60601 -2-45,  I EC 60601 -2-54  

Battery depleti on  i n d icator I EC 60601 -2-31  

Common  rejection  mode  I EC 60601 -2-26  

Conducted  d i s tu rbances   I EC 60601 -2-25  

Defibri l l ati on  protection   I EC  60601 -2-25,  I EC 60601 -2-27  

Delays  to  or from  a  d i s tri bu ted  a l arm  system  I EC 60601 -2-34,  I EC 60601 -2-49  

Del i berate  acti on  requ i red  to  change  setti ngs  I EC 60601 -2-31  

Del i vered  ai r pressure  I SO  80601 -2-1 2  

Del i very of a  m in imum  and  adequate  i l l um ination  on  the  
operati ng  fie l d  

I EC 60601 -2-41  

Del i very of synch ron ized  ou tpu t  I EC 60601 -2-4  

Del i very of therapy ou tput  I EC 60601 -2-4,  I EC 60601 -2-5  

Detection  of d i sconnected  PATI ENT  APPLIED  PART  I EC  60601 -2-34  

D isarm ing  runaway rate  protection  I EC 60601 -2-31  

E lectri cal  supply I SO  80601 -2-1 2  

E lectrosurgery i n terference  recovery I EC 60601 -2-25  
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Table  G. 1  (2 of 3)  

ESSENTIAL  PERFORMANCE  Extracted  from  MEE  particu lar standard  

Flow requ i rements  for treatment  I SO  80601 -2-1 2  

Freedom  from  d i splay of i ncorrect  numerical  va l ues  associated  
wi th  the  therapy to  be  performed   

I EC 60601 -2-1 8  

Freedom  from  noise  on  a  wave  form  or arti facts  or d i storti on  i n  
an  image  or error of a  d i splayed  numerical  val ue  wh ich  cannot  
be  attri bu ted  to  a  physiol og ical  effect  and  wh ich  can  a l ter the  
d iagnos is/treatment 

I EC 60601 -2-5,  I EC 60601 -2-37  

Freedom  from  production  of unwanted  ou tpu t  I EC 60601 -2-2 ,  I EC 60601 -2-5  

Freedom  from  the  d i splay of i n correct numerical  val ues  
associated  wi th  the  d i agnosis  to  be  performed  

I EC 60601 -2-1 8  

Freedom  from  the  d i splay of i n correct  SAFETY-rel ated  
i nd icati ons  

I EC 60601 -2-5  

Freedom  from  the  production  of un i n tended  or excess ive  
ou tpu t  

I EC 60601 -2-37  

Freedom  from  the  production  of un i n tended  or excess ive  
su rface  temperatu re  

I EC 60601 -2-37  

Freedom  from  the  production  of un i n tended  or excess ive  
su rface  temperatu re  of the  APPLIED  PART  

I EC  60601 -2-5,  I EC 60601 -2-37  

Freedom  from  the  production  of un in tended  or uncontrol l ed  
motion  of PATIENT  APPL IED  PART  i n tended  for i n tra-corporeal  
use  

I EC 60601 -2-37  

Gas  cross  fl ow I SO  80601 -2-1 2  

Gas  suppl y I SO  80601 -2-1 2  

Generati on  of a  techn ica l  a l arm  cond i ti on  I SO  80601 -2-56  

Generati on  of a  vi sual  and  aud ib le  a l arm  s i gnal  I EC 60601 -2-1 9,  I EC 60601 -2-20,  I EC 60601 -
2-21  

Imag ing  performance  I EC 60601 -2-45,  I EC 60601 -2-54  

I npu t d ynam ic range  and  d i fferen tia l  offset  vol tage  I EC 60601 -2-26  

I npu t noi se  I EC 60601 -2-26  

I n terference  reversion  i n  the  presence  of sensed  el ectri cal  
i n terference  

I EC 60601 -2-31  

I n ternal  e l ectri cal  power source  near depl etion  a l arm  cond i ti on  I SO  80601 -2-1 2  

Level  a l arm  cond i ti ons  I SO  80601 -2-1 2  

Lim i tation  of energy i n  the  operati ng  fi e l d  I EC 60601 -2-41  

Lim i ts  of the  change  i n  the  error of the  treatment pressure  
determ ination   and  l ow and  h i gh  physiol og ical  a l arm  cond i ti ons  
or generati on  of a  techn ica l  a l arm  cond i ti on  

I EC 80601 -2-30  

Lim i ts  of the  error or generati on  of a  techn i cal  a l arm  cond i ti on  I EC 80601 -2-30  

Li neari ty of a i r kema l im i ted  i n terval s  of l oad i ng  factors  I EC 60601 -2-45  

Maki ng  ambient  temperatu re  operati ng  range  I SO 80601 -2-56  

Means  to  hand le  i n terruption  of the  power supp ly/SUPPLY 
MAI NS  of MEE  

I SO  80601 -2-1 2,  I EC 60601 -2-27  

Measurement  accuracy and  the  read i ng  a l arm  cond i ti ons  or 
generation  of  a  techn ical  a l arm  cond i ti on  

I SO  80601 -2-55,  I SO  80601 -2-1 3  

MEE  parameter s tabi l i ty  I EC 60601 -2-31  

Mon i tori ng  of an  associated  a l arm  I SO  80601 -2-1 3  
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Table  G. 1  (3 of 3)  

ESSENTIAL  PERFORMANCE  Extracted  from  MEE  particu lar standard  

No unacceptable  RI SK  i f the  view observed  by the  OPERATOR 

has  an  u nexpected  image  ori en tation  
I EC 60601 -2-1 8  

Non -l i neari ty and  hysteres is  I EC 60601 -2-23  

Not provided  wi th  an  a l arm  system  that  i ncl udes  the  capabi l i ty  
to  detect  a  physi olog ical  a l arm  cond i ti on :  d i agnosis  accuracy,  
pu l se  rate  accu racy or i nd icati on  of abnormal  operati on  

I SO  80601 -2-61  

Parameter stab i l i ty at  onset of the  battery depleti on  i nd i cator I EC 60601 -2-31  

Phys iol og ical  a l arm  cond i ti ons,  a l arm  l im i ts  and  delay t ime  of 
phys i olog ical  a l arm  s i gnal s  

I EC 60601 -2-34  

Protection  against  depleti on  of battery I EC 60601 -2-27  

Protection  against  unwanted  volumes  and  occlus ion  I EC 60601 -2-34,  I SO  80601 -2-1 3  

Protection  from  e lectrostati c  d i scharge  I EC 60601 -2-25  

Protection  from  e lectrosu rgery i n terference  I EC 60601 -2-25,  I EC 60601 -2-27  

Provid i ng  an  ou tpu t temperature  I SO  80601 -2-56  

Rad i ation  dose  documentati on  I EC 60601 -2-43  

Recovery management  I EC 60601 -2-43  

Reproducibi l i ty of the  X-rad iati on  ou tpu t  I EC 60601 -2-45,  I EC 60601 -2-54  

Runaway protection  I EC 60601 -2-31  

S tart-up  techn ical  a l arm  cond i ti on  I SO  80601 -2-59  

Techn ical  a l arm  cond i ti on  i nd icati ng  i noperabl e  MEE  I EC  60601 -2-27  

Temperatu re  requ i rements  for treatment  I EC 60601 -2-39  

Threshold  temperature  and  the  resu l ti ng  a l arm  cond i ti on  I EC 60601 2-1 6,  I EC 80601 -2-59  

Time  requ i rements  for treatment  I EC 60601 -2-1 6  

Time  to  a l arm  of a l arm  cond i ti ons  I EC 60601 -2-23,  I EC 60601 -2-33  

NOTE  1  The  l i s t  i n  th i s  table  does  not  a lways  contai n  the  exact  word ing  of the  MEE  parti cu lar s tandards.  Th i s  
was  done  to  ensure  that  the  ESSENTI AL  PERFORMANCES  cou l d  be  cons idered  for a l l  types  of MEE  and  MES .  

NOTE  2  The  i tems  have  been  ordered  a l phabeti cal l y for conven ience.  

 

NOTE  Tab le  G . 1  i s  are  as  of J anuary 201 6,  and  the  l i s t  i s  i n formative  
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