
Appendix	  1:	  Technical	  appendix	  for	  calculations	  of	  life	  expectancy	  and	  estimated	  life	  time	  savings	  

embedded	  within	  the	  UK	  Rehabilitation	  Outcomes	  Collaborative	  (UKROC)	  database	  

	  
Figures	  for	  percentage	  of	  normal	  life	  expectancy	  (%	  Normal	  LE)	  within	  the	  UKROC	  database	  are	  taken	  

from	  the	  US	  Life	  Expectancy	  Project	  publications	  by	  Shavelle	  2007	  and	  Brooks	  2015	  and	  colleagues(1,	  

2).	  These	  US	  figures	  have	  been	  derived	  using	  standard	  methods,	  by	  fitting	  logistic	  regression	  models	  

to	  the	  empirical	  survival	  data	  from	  two	  major	  databases	  (the	  California	  Department	  of	  

Developmental	  Services	  database	  and	  the	  US	  Traumatic	  Brain	  Injury	  Model	  Systems	  (TBIMS)	  

database	  (www.msktc.org/tbi)).	  The	  resulting	  age-‐,	  sex-‐,	  and	  disability-‐specific	  mortality	  rates	  were	  

used	  to	  construct	  life	  tables,	  from	  which	  the	  life	  expectancies	  were	  obtained.	  Those	  publications	  

provide	  figures	  for	  	  %	  Normal	  LE	  by	  decade	  of	  age	  in	  five	  ‘Functional	  categories’	  (as	  determined	  by	  

the	  FIM	  scores	  for	  ‘walking’	  and	  ‘eating’)	  at	  the	  time	  of	  assessment.	  	  

	  

These	  figures	  have	  now	  been	  incorporated	  into	  the	  UKROC	  software	  in	  the	  form	  of	  a	  look-‐up	  table	  as	  

shown	  below.	  

	  
	   Functional	  category	  
	   0	   1	   2	   3	   4	  

	   PVS*	  	  
Unable	  to	  walk	   Some	  

walking	  
ability	  

Walks	  well	  
alone	  Fed	  by	  

others	  	  
Self-‐	  
feeds	  

FIM	  Score	  ‘Walking’	  
Both	  1	  

1-‐5	   1-‐5	   6	   7	  
FIM	  Score	  ‘Eating’	   1-‐3	   4-‐7	   	  

	   	   Females	  
Age	  (ys)	   Range**	   	   	   	   	   	  

20	   16-‐25	   18%	   40%	   62%	   77%	   87%	  
30	   26-‐35	   20%	   39%	   58%	   74%	   86%	  
40	   36-‐45	   22%	   36%	   55%	   71%	   85%	  
50	   46-‐55	   22%	   35%	   50%	   70%	   85%	  
60	   >=56	   22%	   31%	   54%	   68%	   87%	  
	   	   Males	  

20	   16-‐25	   20%	   43%	   67%	   73%	   84%	  
30	   26-‐35	   22%	   42%	   63%	   69%	   83%	  
40	   36-‐45	   25%	   41%	   60%	   66%	   82%	  
50	   46-‐55	   26%	   40%	   57%	   64%	   81%	  
60	   >=56	   26%	   35%	   61%	   62%	   81%	  

	  
*PVS	  =	  Persistent	  vegetative	  state.	  %	  normal	  life	  expectancy	  data	  from	  Shavelle	  2007	  (1)	  are	  used	  if	  the	  total	  FIM	  score	  on	  
discharge	  was	  18.	  
**The	  life	  expectancy	  %	  are	  applied	  to	  the	  age	  ranges	  shown	  in	  the	  second	  column.	  
	  

	  The	  analysis	  by	  Brooks	  et	  al	  2015(2)	  provides	  figures	  for	  four	  groups	  only,	  whilst	  the	  analysis	  by	  

Shavelle	  et	  al	  2007(1)	  separates	  patients	  in	  persistent	  vegetative	  state	  (PVS)	  out	  from	  the	  lowest	  

functioning	  category.	  Life	  expectancy	  is	  known	  to	  be	  significantly	  shorter	  in	  PVS	  patients,	  and	  



significant	  number	  of	  patients	  within	  the	  UKROC	  database	  are	  still	  in	  PVS	  on	  discharge,	  the	  Shavelle	  

figures	  are	  used	  for	  this	  category.	  For	  the	  other	  four	  functional	  categories,	  UKROC	  uses	  the	  updated	  

figures	  from	  Brooks	  et	  al(2),	  taking	  the	  average	  figure	  for	  the	  two	  US	  datasets.	  	  

	  

‘%	  Normal	  LE’	  is	  computed	  for	  each	  patient	  according	  to	  their	  age,	  gender	  and	  FIM	  Eating	  and	  

Walking	  scores	  on	  discharge	  from	  rehabilitation.	  Remaining	  years	  of	  life	  are	  then	  calculated	  

individually	  by	  applying	  the	  ‘%	  Normal	  LE’	  from	  the	  US	  dataset	  to	  the	  life	  expectancy	  for	  people	  of	  

that	  age	  in	  the	  UK	  from	  the	  Life	  Tables	  published	  by	  the	  Office	  of	  National	  Statistics	  (ONS)	  –	  latest	  

version	  2014-‐16(3)	  	  

	  

For	  calculation	  of	  life-‐time	  savings,	  we	  use	  the	  change	  in	  weekly	  care	  costs	  between	  admission	  and	  

discharge	  (as	  measure	  by	  the	  Northwick	  Park	  Care	  needs	  Assessment	  (NPCNA)(4)	  to	  estimate	  the	  

savings	  in	  on-‐going	  care	  costs.	  	  The	  following	  are	  computed	  individually	  case	  by	  case	  within	  the	  

UKROC	  database:	  	  

• ‘Normal	  remaining	  years	  of	  life’	  are	  derived	  from	  the	  ONS	  life	  tables.	  

• ‘Remaining	  years	  of	  life	  adjusted	  for	  TBI’	  	  =	  ‘Normal	  remaining	  years	  of	  life’	  x	  ‘%	  Normal	  LE’	  

(from	  the	  table	  above).	  	  	  

• ‘Annual	  savings	  in	  care	  costs’	  =	  ‘NPCNA-‐estimated	  weekly	  saving	  in	  the	  cost	  of	  on-‐going	  care’	  

x	  52.	  

• ‘Estimated	  total	  life-‐time	  savings’	  in	  the	  cost	  of	  care	  =	  ‘Annual	  savings	  in	  care	  costs’	  x	  

‘Remaining	  years	  of	  life	  adjusted	  for	  TBI’.	  

• ‘Net	  savings	  after	  deduction	  of	  rehabilitation	  costs’	  =	  ‘Estimated	  total	  life-‐time	  savings’	  -‐	  

‘Cost	  of	  rehabilitation	  episode’.	  

Average	  net	  annual	  savings	  =	  ‘Net	  annual	  savings’	  /	  ’TBI	  adjusted	  remaining	  years	  of	  life	  were	  

calculated	  on	  aggregated	  means	  for	  each	  group.	  

	  

Discounting	  life-‐time	  savings:	  	  

Discounting	  aims	  to	  allow	  for	  the	  impact	  of	  time	  on	  the	  value	  of	  costs	  (and	  outcomes).	  Usually,	  

individuals	  –	  and	  society	  –	  prefer	  consuming	  a	  product	  or	  service	  now	  rather	  than	  later;	  and	  paying	  

the	  cost	  later	  rather	  than	  immediately(5).	  There	  is	  an	  opportunity	  cost	  to	  spending	  money	  now	  

rather	  than	  say	  in	  a	  year’s	  time	  as	  that	  money	  could	  yield	  real	  returns	  if	  invested	  over	  the	  same	  

period.	  E.g.,	  if	  we	  invested	  £1,000	  with	  a	  10%	  return	  in	  a	  year’s	  time	  (adjusting	  for	  inflation)	  it	  would	  

be	  worth	  £1100.	  To	  account	  for	  the	  opportunity	  cost	  of	  investing	  now	  rather	  than	  waiting	  one	  year	  

we	  have	  to	  discount	  future	  costs.	  Therefore,	  if	  two	  healthcare	  interventions	  each	  yielded	  savings	  of	  



£1,000	  but	  for	  one	  we	  had	  to	  wait	  a	  year,	  then,	  all	  else	  being	  equal,	  we	  would	  adopt	  the	  intervention	  

that	  saved	  £1,000	  now.	  This	  is	  because	  investing	  the	  £1,000	  released	  now	  would	  yield	  an	  additional	  

£100	  in	  a	  year’s	  time	  (with	  a	  discount	  rate	  of	  10%).	  	  

	  

The	  issue	  of	  whether	  and	  how	  to	  discount	  long	  term	  reduction	  in	  care	  costs	  in	  cost	  benefit	  analysis	  

has	  been	  much	  debated(6-‐10).	  When	  continuing	  care	  costs	  are	  fully	  met	  by	  the	  NHS	  or	  social	  

services,	  or	  when	  long-‐term	  care	  costs	  are	  valued	  and	  paid	  for	  in	  advance	  (eg	  in	  the	  case	  of	  a	  

substantial	  compensation	  claim)	  there	  is	  an	  option	  effectively	  to	  set	  aside	  capital	  and	  use	  some	  

of	  the	  interest	  to	  pay	  for	  future	  care,	  and	  the	  argument	  for	  discounting	  is	  clearly	  strong.	  

However,	  when	  the	  bulk	  of	  care	  burden	  is	  borne	  by	  the	  patients	  and/or	  their	  families,	  this	  option	  

rarely	  exists,	  and	  the	  logic	  of	  discounting	  is	  less	  clear.	  

	  

In	  the	  past,	  National	  Institute	  for	  Health	  and	  Care	  Excellence	  (NICE)	  methodology	  for	  assessing	  cost	  

benefits	  has	  used	  differential	  discount	  rates,	  applying	  a	  higher	  discount	  to	  costs	  than	  to	  health	  

benefits,	  but	  current	  NICE	  guidance	  (in	  line	  with	  advice	  from	  HM	  Treasury	  recommends	  discounting	  

at	  a	  rate	  of	  3.5%	  for	  both	  costs	  and	  benefits	  as	  standard	  practice(11).	  This	  approach	  can	  be	  criticized	  

as	  the	  benefit	  of	  some	  interventions	  may	  be	  undervalued	  when	  the	  costs	  are	  borne	  in	  the	  earliest	  

stages,	  but	  the	  benefits	  accrue	  over	  very	  many	  years	  -‐	  particularly	  if	  the	  value	  of	  benefits	  is	  expected	  

to	  increase	  over	  time,	  or	  where	  interest	  rates	  are	  low/unstable(10).	  Current	  NICE	  guidance	  does	  

therefore	  concede	  that	  lower	  discount	  rates	  may	  be	  appropriate	  in	  some	  circumstances,	  but	  still	  

recommends	  that	  the	  same	  rate	  should	  be	  applied	  to	  both	  costs	  and	  benefits(11).	  It	  recommends	  

that	  if	  lower	  rates	  are	  applied	  they	  are	  presented	  as	  a	  sensitivity	  analysis	  so	  that	  the	  effects	  of	  

different	  discount	  rates	  are	  explicit	  –	  which	  is	  the	  approach	  adopted	  here.	  

	  

The	  Net	  Present	  Value	  (NPV)	  of	  total	  life-‐time	  savings	  is	  computed	  using	  the	  formula:	  	  

P=F[(1/r)	  -‐	  (1/[r(1+r)n])]	  ,	  where	  	  

‘F’	  =	  Average	  net	  annual	  life	  savings;	  	  

‘r’	  =	  discount	  rate	  and	  	  

‘n’	  =	  the	  TBI-‐adjusted	  remaining	  years	  of	  life	  (i.e.	  the	  total	  number	  of	  years	  over	  

which	  the	  costs	  –	  or	  savings	  –	  are	  expected	  to	  be	  incurred).	  	  

For	  simplicity,	  the	  costs	  are	  conservatively	  assumed	  to	  occur	  at	  year-‐end,	  rather	  than	  at	  the	  

midpoint).	  
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