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I.	  	  ABSTRACT	  
Surgical	  conditions	  have	  been	  a	  largely	  neglected	  public	  health	  issue	  in	  low-‐	  and	  middle-‐
income	  countries	  (LMICs).	  	  It	  is	  estimated	  that	  11%	  of	  the	  global	  burden	  of	  disease	  can	  be	  
treated	  surgically.	  	  While	  access	  maintains	  a	  barrier,	  more	  should	  be	  done	  to	  ensure	  quality	  
surgical	  care.	  	  Developing	  a	  risk-‐adjustment	  tool	  to	  fairly	  measure	  surgical	  outcomes	  is	  one	  
way	  in	  which	  we	  can	  begin	  to	  evaluate	  surgical	  quality.	  	  This	  requires	  that	  outcomes	  be	  
adjusted	  based	  on	  the	  risk	  of	  the	  patient	  population.	  	  For	  example,	  a	  hospital	  with	  a	  high	  
mortality	  rate	  but	  high-‐risk	  patients	  may	  provide	  “better”	  surgical	  care	  than	  a	  hospital	  with	  
a	  similarly	  high	  mortality	  rate	  but	  low-‐risk	  patients.	  	  	  	  	  
	  
Our	  research	  seeks	  to	  develop	  a	  risk-‐adjustment	  tool	  by	  collecting	  17	  preoperative	  
variables	  from	  surgical	  patients	  at	  a	  district	  hospital	  in	  Mozambique.	  	  We	  will	  then	  perform	  
a	  statistical	  analysis	  to	  find	  <10	  variables	  that	  are	  most	  predictive	  of	  mortality.	  	  	  
This	  model	  can	  help	  establish	  a	  system	  to	  benchmark	  surgical	  outcomes	  in	  LMICs.	  	  	  
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II.	  	  SUMMARY	  OF	  INDEPENDENT	  STUDY	  PROJECT	  PROPOSAL	  	  
What	  are	  the	  goals	  of	  this	  project?	  
The	  primary	  objective	  of	  this	  study	  is	  to	  develop	  a	  risk-‐adjustment	  tool	  for	  use	  in	  LMICs.	  	  In	  
the	  process,	  this	  study	  will	  also	  achieve	  the	  following	  secondary	  objectives:	  

o Describe	  the	  burden	  of	  surgical	  disease	  in	  this	  setting	  
o Create	  a	  sustainable	  patient	  registry	  at	  each	  site	  
o Train	  healthcare	  officials	  and	  staff	  on	  risk-‐adjustment	  and	  outcomes	  research	  
o Create	  observed/expected	  ratios	  for	  each	  site	  in	  order	  to	  compare	  outcomes	  

	  
We	  hypothesize	  that	  fewer	  than	  10	  preoperative	  variables	  are	  required	  to	  build	  a	  risk-‐
adjustment	  tool	  with	  an	  area	  under	  the	  receiver	  operator	  characteristic	  curve	  (AUC)	  value	  
of	  >80%.	  
	  
Methods	  
This	  is	  a	  prospective	  study	  to	  collect	  certain	  demographic,	  preoperative,	  and	  postoperative	  
variables	  on	  all	  surgical	  patients	  from	  a	  district	  hospital	  in	  Mozambique.	  	  We	  propose	  to	  
collect	  data	  on	  at	  least	  300	  surgical	  patients.	  	  Because	  both	  preoperative	  and	  postoperative	  
data	  is	  needed,	  data	  collection	  should	  be	  performed	  at	  time	  of	  admission	  and	  at	  time	  of	  
discharge.	  
	  
Data	  will	  be	  used	  to	  complete	  univariate	  and	  multivariate	  analyses,	  and	  analyze	  area	  under	  
the	  receiver	  operator	  characteristic	  curve	  (AUC).	  	  	  The	  AUC	  helps	  evaluate	  a	  model’s	  ability	  
to	  predict	  outcomes	  by	  comparing	  the	  rate	  of	  true	  positives	  (sensitivity)	  with	  the	  rate	  of	  
false	  positives	  (1-‐specificity).	  	  Based	  on	  AUC	  values,	  we	  will	  sequentially	  add	  variables	  to	  
our	  model	  to	  create	  a	  model	  with	  high	  discrimination.	  	  We	  will	  complete	  this	  process	  for	  
each	  outcome	  of	  interest:	  mortality,	  complication,	  and	  referral	  status.	  	  The	  final	  result	  of	  
this	  study	  will	  be	  to	  calculate	  observed/expected	  ratios	  for	  each	  hospital.	  	  	  
	  
An	  additional	  benefit	  of	  this	  data	  collection	  is	  that	  we	  can	  identify	  the	  types	  of	  procedures	  
performed	  at	  these	  sites	  over	  a	  period	  of	  time.	  	  This	  is	  important	  in	  identifying	  the	  burden	  
of	  surgical	  disease	  in	  this	  area,	  as	  well	  as	  the	  surgical	  capacity	  of	  each	  hospital.	  	  
	  
Evaluation	  of	  Independent	  Study	  Project	  
This	  project	  will	  be	  deemed	  successful	  if	  I	  am	  able	  to	  implement	  the	  data	  collection	  and	  
complete	  the	  data	  analysis.	  	  The	  final	  product	  is	  expected	  to	  be	  a	  publication	  for	  submission	  
to	  a	  peer-‐reviewed	  journal.	  	  	  
	  
However,	  there	  may	  be	  unforeseen	  events	  that	  prevent	  completion	  of	  this	  project.	  	  In	  that	  
case,	  the	  project	  will	  be	  deemed	  satisfactory	  if	  a	  reasonable	  attempt	  is	  made	  and	  
circumstances	  beyond	  my	  control	  prevent	  completion	  of	  data	  collection	  and/or	  analysis.	  	  I	  
will	  then	  write	  an	  evaluation	  of	  the	  project	  with	  “lessons	  learned”	  to	  help	  ensure	  success	  in	  
future	  research	  projects.	  
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III.	  	  PROJECT	  UPDATE	  AND	  LESSONS	  LEARNED	  	  
The	  goal	  of	  our	  research	  is	  to	  develop	  a	  risk-‐adjustment	  model	  for	  use	  in	  resource-‐poor	  
settings,	  such	  as	  in	  low-‐	  and	  middle-‐income	  countries	  (LMICs)	  to	  help	  establish	  a	  system	  to	  
benchmark	  surgical	  outcomes.	  	  In	  the	  United	  States,	  the	  American	  College	  of	  Surgeons	  
(ACS)	  National	  Surgical	  Quality	  Improvement	  Program	  (NSQIP)	  is	  the	  first	  nationally	  
validated	  mechanism	  for	  comparing	  risk-‐adjusted	  surgical	  outcomes	  between	  U.S.	  medical	  
centers,	  and	  measures	  over	  130	  variables	  and	  includes	  a	  30-‐day	  patient	  follow-‐up.	  	  Using	  
these	  data,	  NSQIP	  provides	  risk-‐adjusted	  analyses	  of	  each	  hospital	  to	  provide	  feedback	  as	  
to	  how	  they	  stack	  up	  against	  competitors.	  	  Our	  hypothesis	  is	  that	  instead	  of	  130	  variables	  
and	  a	  30-‐day	  follow-‐up	  period,	  only	  a	  handful	  of	  variables	  are	  sufficient	  to	  develop	  an	  
adequate	  risk-‐adjusted	  analysis	  for	  use	  in	  resource-‐limited	  settings,	  including	  LMICs.	  	  This	  
model	  provides	  an	  opportunity	  to	  begin	  to	  evaluate	  and	  raise	  standards	  of	  surgical	  care	  to	  
the	  next	  level,	  in	  conjunction	  with	  ongoing	  efforts	  to	  improve	  access	  to	  surgical	  care	  in	  
developing	  countries.	  	  	  
	  
PROJECT	  HISTORY	  
The	  first	  phase	  of	  my	  ISP,	  completed	  during	  summer	  2011	  (after	  my	  first	  year	  of	  medical	  
school),	  consisted	  of	  a	  data	  analysis	  of	  NSQIP	  with	  validation	  in	  a	  U.S.	  community	  hospital.	  	  
Based	  on	  NSQIP	  data	  from	  2005-‐2009,	  our	  preliminary	  research	  found	  that	  a	  more	  concise	  
tool	  based	  on	  3-‐4	  preoperative	  variables	  is	  adequate	  in	  performing	  a	  risk-‐adjustment	  
analysis.	  	  We	  validated	  these	  findings	  using	  patient	  data	  from	  a	  non-‐rural	  hospital	  in	  the	  
U.S.	  that	  serves	  a	  catchment	  area	  of	  25,000	  people	  and	  is	  two	  hours	  away	  from	  an	  urban	  
area.	  	  	  This	  work	  was	  accepted	  for	  publication	  in	  the	  Archives	  of	  Surgery	  after	  a	  podium	  
presentation	  at	  the	  Pacific	  Coast	  Surgical	  Association	  in	  February	  2012.	  	  The	  final	  
publication	  is	  attached	  in	  Appendix	  I.	  
	  
The	  second	  phase	  of	  our	  research	  was	  to	  develop	  a	  similar	  tool	  for	  use	  in	  LMICs.	  	  Based	  on	  
our	  findings	  from	  our	  preliminary	  research,	  we	  established	  data	  collection	  on	  variables	  of	  
interest	  at	  our	  partner	  institution	  in	  rural	  Mozambique	  in	  southeastern	  Africa.	  	  	  
	  
I	  first	  traveled	  to	  Mozambique	  in	  June	  2012	  to	  implement	  data	  collection	  at	  Chókwè	  Rural	  
Hospital,	  a	  district	  hospital	  approximately	  230	  km	  northwest	  of	  the	  capital	  of	  Maputo.	  	  I	  
worked	  with	  our	  key	  partner,	  Manuel	  Sipriano	  Santos,	  a	  non-‐physician	  surgeon	  who	  was	  
the	  clinical	  director	  and	  primary	  surgeon	  of	  the	  hospital.	  	  I	  reviewed	  the	  project	  with	  him,	  
showed	  him	  our	  preliminary	  research,	  and	  together,	  we	  decided	  on	  the	  key	  variables	  that	  
we	  would	  collect.	  	  Most	  records	  are	  kept	  via	  paper	  logs	  in	  the	  hospital,	  but	  ultimately	  these	  
data	  needed	  to	  be	  sent	  electronically	  to	  me	  in	  the	  U.S.,	  as	  I	  expected	  approximately	  6	  
months	  of	  data	  to	  be	  collected.	  	  We	  thus	  decided	  that	  the	  use	  of	  an	  Android-‐based	  tablet	  
with	  the	  survey	  available	  on	  Opensource	  Data	  Kit	  (ODK),	  would	  allow	  for	  easy	  data	  
collection	  and	  uploading.	  	  	  Data	  collection	  was	  well	  underway	  when	  I	  left.	  	  However,	  several	  
unforeseen	  events	  occurred,	  resulting	  in	  the	  project’s	  delay.	  	  First,	  the	  Android	  tablet	  was	  
stolen.	  	  Second,	  Dr.	  Sipriano	  had	  an	  extended	  visit	  to	  the	  U.S.,	  during	  which	  no	  data	  were	  
collected.	  	  Third,	  a	  contract	  to	  compensate	  Dr.	  Sipriano	  for	  his	  time	  was	  never	  ensured.	  
Fourth,	  a	  massive	  flood	  destroyed	  most	  of	  the	  city	  of	  Chókwè,	  leaving	  its	  citizens	  in	  camps	  
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outside	  the	  city	  and	  essentially	  closing	  the	  hospital	  for	  two	  months.	  	  	  Fifth,	  a	  nationwide	  
strike	  of	  doctors	  put	  the	  project	  on	  hold	  for	  several	  more	  months.	  
	  
CURRENT	  STATUS	  
After	  these	  initial	  setbacks,	  the	  project	  was	  rekindled	  and	  additional	  assistance	  provided	  by	  
a	  UCSD	  surgery	  resident,	  Dr.	  John	  Rose,	  who	  was	  taking	  two	  years	  of	  time	  off	  to	  do	  
research.	  	  Since	  he	  would	  have	  more	  dedicated	  time,	  he	  would	  be	  able	  to	  more	  closely	  
monitor	  the	  data	  collection	  process.	  	  I	  returned	  to	  Mozambique	  in	  September	  2013	  to	  
reinitiate	  the	  project	  along	  with	  Dr.	  Rose.	  	  Data	  collection	  on	  all	  surgery	  patients	  is	  now	  
underway.	  	  Although	  I	  will	  not	  be	  able	  to	  complete	  the	  analysis	  before	  graduation,	  the	  
process	  of	  setting	  up	  this	  extensive	  research	  project	  with	  local	  partners	  was	  very	  
challenging	  and	  an	  important	  learning	  experience.	  	  	  
	  
While	  working	  on	  this	  project,	  I	  also	  worked	  on	  a	  side	  project	  and	  published	  a	  paper	  
describing	  the	  amount	  of	  surgical	  disease	  that	  presented	  to	  Chókwè	  Rural	  Hospital.	  	  This	  
was	  published	  in	  the	  World	  Journal	  of	  Surgery	  and	  is	  attached	  in	  Appendix	  2.	  
	  
The	  following	  are	  some	  of	  the	  key	  points	  that	  I	  learned	  while	  working	  in	  this	  setting,	  along	  
with	  specific	  ways	  in	  which	  these	  learning	  points	  influenced	  changes	  to	  this	  project.	  
	  
LESSONS	  LEARNED	  
1.	  Partnership	  development	  and	  clear	  paths	  to	  communication	  is	  key.	  
Initially,	  I	  worked	  solely	  with	  Dr.	  Sipriano,	  the	  clinical	  director	  and	  only	  surgeon	  at	  Chókwè	  
Hospital.	  	  As	  the	  surgeon,	  he	  would	  need	  to	  be	  in	  charge	  of	  data	  collection.	  	  Dr.	  Sipriano	  was	  
very	  engaged	  in	  the	  project	  from	  the	  beginning,	  but	  the	  success	  of	  the	  project	  as	  a	  whole,	  
and	  expansion	  to	  other	  sites	  outside	  of	  Chókwè,	  depended	  upon	  a	  higher	  level	  of	  
involvement	  by	  those	  involved	  with	  the	  Eduardo	  Mondlane	  University	  –	  UCSD	  Medical	  
Education	  Partnership	  Initiative	  (MEPI)	  grant.	  	  Thus,	  when	  retrying	  the	  data	  collection	  
process,	  we	  first	  met	  with	  our	  MEPI	  partners	  in	  the	  capitol	  of	  Maputo	  to	  discuss	  the	  entire	  
plan,	  including	  the	  specific	  variables	  we	  wished	  to	  collect.	  	  Second,	  once	  we	  set	  up	  the	  
project	  in	  Chókwè,	  we	  also	  established	  a	  plan	  for	  regular	  phone	  calls	  with	  Dr.	  Sipriano	  to	  
ensure	  that	  data	  collection	  was	  going	  smoothly	  and	  to	  provide	  ongoing	  support	  and	  
troubleshooting.	  	  
	  
2.	  When	  local	  partners	  participate	  in	  developing	  the	  research	  plan,	  they	  are	  more	  
likely	  to	  support	  it.	  
During	  the	  initial	  set-‐up,	  I	  discussed	  the	  variables	  and	  plan	  with	  Dr.	  Sipriano,	  but	  when	  
restarting	  data	  collect,	  we	  started	  from	  scratch	  and	  discussed	  all	  variables	  in	  detail	  with	  
both	  our	  partner	  researchers	  at	  MEPI	  and	  Dr.	  Sipriano.	  	  Instead	  of	  using	  ODK	  survey	  
collection	  data	  on	  an	  Android,	  we	  decided	  to	  utilize	  paper	  data	  collection	  sheets	  in	  
conjunction	  with	  EpiInfo	  software	  to	  collect	  and	  send	  data	  electronically.	  	  The	  local	  
partners	  were	  familiar	  with	  this	  software	  and	  having	  paper	  charts	  ensured	  that	  there	  was	  a	  
back-‐up	  copy.	  	  Coming	  to	  consensus	  on	  both	  the	  data	  to	  be	  collected	  and	  the	  process	  of	  
collection	  is	  an	  important	  factor	  for	  success.	  
	  
3.	  Setting	  contracts	  can	  clarify	  expectations	  and	  formalize	  relationships.	  
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Although	  Dr.	  Sipriano,	  staffed	  to	  oversee	  data	  collection	  at	  Chókwè	  Hospital,	  was	  promised	  
a	  contract	  with	  a	  stipend	  for	  compensation,	  this	  did	  not	  come	  to	  fruition	  due	  to	  a	  variety	  of	  
budgetary	  and	  logistic	  factors.	  	  Formalizing	  this	  relationship	  is	  not	  only	  important	  to	  
compensate	  him	  for	  his	  work,	  but	  also	  to	  recognize	  him	  as	  a	  valuable	  and	  acknowledged	  
partner	  in	  this	  initiative.	  	  
	  
4.	  Identify	  incentives	  for	  participation	  by	  all	  key	  players.	  
The	  ultimate	  goal	  of	  this	  project	  was	  to	  improve	  surgical	  care	  in	  LMICs,	  but	  if	  the	  specific	  
sites	  did	  not	  see	  any	  tangible	  benefit	  for	  themselves,	  the	  research	  was	  more	  a	  burden	  than	  
a	  benefit	  for	  them.	  	  We	  brainstormed	  ways	  that	  this	  project	  could	  help	  the	  specific	  sites.	  	  
We	  determined	  that	  by	  collecting	  baseline	  data,	  we	  could	  offer	  partner	  organizations	  a	  
place	  to	  implement	  interventions	  that	  could	  prospectively	  study	  change	  in	  surgical	  
outcomes	  as	  a	  result	  of	  this	  intervention.	  	  	  
	  
5.	  Floods,	  strikes,	  thefts,	  etc.	  will	  happen:	  you	  can’t	  completely	  prepare	  or	  prevent	  it	  all.	  
From	  my	  experience	  in	  the	  Peace	  Corps,	  I	  am	  well	  aware	  of	  some	  of	  these	  difficulties	  in	  
working	  in	  a	  LMIC.	  	  While	  you	  can’t	  plan	  for	  everything,	  developing	  alternatives	  and	  
maintaining	  flexibility	  is	  critical	  to	  achieve	  any	  goal.	  	  Maintaining	  adequate	  lines	  of	  
communication	  with	  partners	  is	  also	  necessary	  to	  develop	  local	  solutions.	  	  
	  
6.	  Never	  underestimate	  the	  amount	  of	  knowledge	  you	  don’t	  know	  –	  especially	  in	  a	  
foreign	  setting.	  
It	  can	  be	  difficult	  enough	  to	  complete	  a	  research	  project	  in	  the	  U.S.,	  but	  placed	  in	  a	  foreign	  
setting,	  where	  you	  are	  unfamiliar	  with	  the	  language,	  culture,	  and	  the	  more	  nuanced	  
challenges	  of	  navigating	  an	  unfamiliar	  medical	  and	  university	  system	  poses	  a	  plethora	  of	  
challenges.	  	  Furthermore,	  it	  is	  impossible	  to	  even	  know	  some	  of	  the	  areas	  in	  which	  you	  are	  
deficient.	  	  For	  example,	  the	  political	  context	  in	  a	  certain	  setting	  can	  have	  a	  major	  influence	  
on	  the	  ways	  in	  which	  others	  may	  approach	  working	  with	  you,	  but	  these	  may	  not	  be	  readily	  
apparent.	  	  	  
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IV.	  	  RAISING	  THE	  QUALITY	  OF	  SURGICAL	  CARE	  IN	  LOW-	  AND	  MIDDLE-INCOME	  
COUNTRIES:	  DEVELOPING	  A	  SURGICAL	  RISK-ADJUSTMENT	  TOOL	  IN	  MOZAMBIQUE	  
	  
Note:	  Since	  data	  collection	  is	  still	  in	  process,	  the	  following	  is	  a	  draft	  of	  the	  introduction	  and	  
methods	  of	  the	  paper	  that	  we	  ultimately	  hope	  to	  publish.	  
	  
INTRODUCTION	  
Surgical	  conditions	  have	  been	  a	  largely	  neglected	  public	  health	  issue	  in	  low-‐	  and	  middle-‐
income	  countries	  (LMICs).	  	  It	  is	  estimated	  that	  11%	  of	  the	  global	  burden	  of	  disease	  can	  be	  
treated	  surgically,	  with	  injuries	  (38%)	  and	  malignancies	  (19%)	  making	  up	  a	  high	  
proportion	  of	  these	  conditions.[1]	  The	  highest	  disability-‐adjusted	  life	  years	  (DALYs)	  are	  
found	  in	  LMICs;	  by	  region,	  the	  most	  surgical	  DALYs	  are	  in	  South-‐East	  Asia,	  while	  Africa	  has	  
the	  highest	  ratio	  of	  surgical	  DALYs	  per	  1000	  people.[1]	  The	  current	  burden	  of	  surgical	  
disease	  in	  LMIC	  is	  large	  and	  also	  growing	  with	  the	  shift	  of	  the	  global	  burden	  of	  disease	  to	  
non-‐communicable	  diseases.	  	  Presently,	  80%	  of	  deaths	  due	  to	  non-‐communicable	  diseases	  
occur	  in	  low-‐	  and	  middle-‐income	  countries,	  and	  at	  least	  some	  of	  these	  conditions	  could	  be	  
treated	  surgically.[1]	  	  The	  number	  of	  people	  affected	  by	  non-‐communicable	  diseases	  is	  only	  
expected	  to	  rise,	  further	  exacerbating	  the	  need	  for	  quality	  surgical	  care	  in	  developing	  
countries.	  
	  
Despite	  the	  high	  burden	  of	  surgical	  disease	  in	  LMIC,	  these	  countries	  have	  a	  
disproportionately	  low	  volume	  of	  surgery.	  	  In	  2004,	  there	  were	  an	  estimated	  187.2	  to	  281.2	  
million	  surgical	  cases	  throughout	  the	  world,	  translating	  to	  approximately	  one	  operation	  for	  
every	  25	  human.[2]	  It	  is	  estimated	  that	  people	  in	  the	  poorest	  third	  of	  the	  world	  make	  up	  
34.8%	  of	  the	  world’s	  population,	  but	  receive	  only	  3.5%	  of	  global	  operations.[2]	  In	  contrast,	  
an	  estimated	  58.9%	  of	  all	  operations	  are	  performed	  in	  the	  world’s	  richest	  countries,	  
representing	  only	  15.6%	  of	  the	  world’s	  population.[2]	  	  	  	  
	  
Surgical	  outcomes	  also	  vary	  widely	  between	  developed	  and	  developing	  countries.	  	  It	  is	  
estimated	  that	  the	  mortality	  rate	  in	  surgery	  in	  developed	  countries	  is	  0.4-‐0.8%,	  while	  the	  
rates	  are	  estimated	  to	  be	  5-‐10%	  in	  developing	  countries.[2]	  Other	  variables	  of	  
postoperative	  morbidity	  and	  mortality	  are	  also	  likely	  to	  be	  higher	  in	  developing	  countries,	  
but	  data	  is	  severely	  lacking	  to	  accurately	  assess	  these	  rates.[2]	  	  	  
	  	  
Delivering	  quality	  surgical	  care	  in	  these	  settings	  will	  require	  more	  than	  training	  physicians	  
and	  building	  operating	  rooms.	  	  Stronger	  data	  is	  needed	  to	  identify	  the	  prevalence	  and	  
incidence	  of	  surgical	  conditions	  in	  these	  settings.[3]	  	  Data	  also	  need	  to	  be	  collected	  within	  
individual	  medical	  centers	  to	  begin	  to	  monitor	  surgical	  outcomes.	  Incorporating	  
appropriate	  and	  useful	  data	  collection	  and	  analysis	  into	  surgical	  systems	  is	  an	  important	  
step	  to	  drive	  quality	  assurance	  programs.	  	  
	  
The	  American	  College	  of	  Surgeons	  (ACS)	  National	  Surgical	  Quality	  Improvement	  Program	  
(NSQIP)	  is	  the	  first	  nationally	  validated	  mechanism	  for	  comparing	  risk-‐adjusted	  surgical	  
outcomes	  between	  U.S.	  medical	  centers	  and	  measures	  over	  130	  variables	  and	  includes	  a	  
30-‐day	  patient	  follow-‐up.	  	  However,	  there	  is	  evidence	  that	  only	  a	  handful	  of	  variables	  may	  
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be	  all	  that	  is	  required	  for	  an	  adequate	  risk-‐adjustment	  analysis.[4-‐6]	  Our	  previous	  research	  
found	  that	  a	  more	  concise	  tool	  based	  on	  3-‐4	  preoperative	  variables	  is	  adequate	  in	  to	  
perform	  risk-‐adjustment	  analyses	  evaluating	  mortality	  or	  morbidity.[7-‐8]	  	  
	  
This	  research	  seeks	  to	  develop	  a	  similar	  tool	  for	  use	  in	  resource-‐limited	  settings	  in	  LMICs.	  	  
This	  model	  can	  help	  establish	  a	  system	  to	  benchmark	  surgical	  outcomes	  in	  developing	  
countries	  and	  is	  an	  opportunity	  to	  begin	  to	  evaluate	  and	  raise	  standards	  of	  health	  care	  to	  
the	  next	  level,	  in	  conjunction	  with	  ongoing	  efforts	  to	  improve	  the	  surgical	  capacity	  of	  
developing	  countries.	  	  
	  
	  
METHODS	  
This	  is	  a	  prospective	  study	  to	  collect	  certain	  demographic,	  preoperative,	  and	  postoperative	  
variables	  on	  all	  patients	  undergoing	  surgery	  requiring	  inpatient	  hospitalization	  from	  
Chókwè	  Rural	  Hospital	  in	  Mozambique.	  
	  
Setting	  
Mozambique	  is	  a	  country	  of	  approximately	  25	  million	  people	  located	  in	  southeastern	  
Africa.[9]	  In	  2012,	  it	  ranked	  185	  out	  of	  187	  countries	  in	  the	  world	  on	  the	  UNDP	  Human	  
Development	  Index.[10]	  The	  average	  live	  expectancy	  is	  50.7	  years	  and	  nearly	  half	  (45%)	  of	  
its	  population	  is	  aged	  less	  than	  15	  years.[10-‐11]	  On	  average,	  adults	  have	  had	  1.2	  years	  of	  
schooling.[10]	  Over	  half	  of	  Mozambique’s	  population	  must	  walk	  more	  than	  an	  hour	  to	  
reach	  a	  health	  facility	  and	  there	  are	  only	  three	  doctors	  per	  100,000	  people.[12]	  	  
	  
Chókwè	  District	  is	  predominantly	  a	  rural,	  agricultural	  area,	  approximately	  230	  km	  
northwest	  from	  the	  capital	  of	  Maputo.	  	  Chókwè	  Hospital	  serves	  a	  catchment	  area	  of	  
approximately	  200,000	  people,	  while	  roughly	  53,000	  live	  in	  the	  city	  of	  Chókwè.[13]	  Most	  
people	  earn	  less	  than	  $2	  per	  day	  and	  the	  district	  literacy	  rate	  is	  estimated	  at	  57%.[14]	  	  
Chókwè	  has	  the	  highest	  HIV	  rate	  in	  the	  country,	  estimated	  at	  19.4%.[15]	  
	  
Chókwè	  Hospital	  has	  125	  beds,	  which	  includes	  28	  beds	  designated	  for	  surgical	  patients	  and	  
38	  beds	  for	  obstetrics/gynecology	  patients.	  Approximately	  8,000	  inpatients	  receive	  care	  at	  
HRC	  annually.	  A	  non-‐physician	  surgeon	  (técnico	  de	  cirurgia)	  manages	  all	  operative	  and	  
non-‐operative	  surgical	  care	  in	  the	  hospital.	  	  A	  separate	  técnico	  manages	  all	  obstetric	  care.	  	  
For	  surgical	  procedures	  requiring	  a	  specialist,	  patients	  are	  transferred	  to	  tertiary	  hospitals	  
in	  the	  provincial	  capital	  of	  Xai-‐Xai	  (127	  km	  away)	  or	  in	  the	  country	  capital	  of	  Maputo	  (225	  
km	  away).	  	  The	  hospital	  also	  serves	  as	  a	  teaching	  hospital	  for	  medical	  students	  from	  the	  
Universidade	  Eduardo	  Mondlane	  (UEM)	  in	  Maputo	  and	  houses	  a	  training	  center	  for	  nurses.	  	  	  
	  	  	  	  
Data	  Collection	  
We	  collected	  data	  from	  all	  surgery	  inpatients	  beginning	  in	  September	  13,	  2013	  at	  Chókwè	  
Hospital.	  	  The	  primary	  surgeon	  oversaw	  data	  collection.	  	  	  
	  
Variables	  were	  chosen	  through	  a	  multi-‐step	  collaborative	  process.	  	  Initial	  variables	  were	  
based	  on	  results	  from	  our	  previous	  research.	  	  Using	  patient	  data	  from	  NSQIP	  from	  2005-‐
2009,	  we	  built	  a	  risk-‐adjusted	  model	  to	  measure	  inpatient	  mortality	  using	  6	  or	  fewer	  
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preoperative	  risk	  variables.[7]	  	  	  Subsequent	  research	  repeated	  the	  analysis	  with	  any	  
adverse	  event,	  including	  mortality,	  as	  the	  outcome	  of	  interest	  (data	  not	  yet	  published).[8]	  	  
Models	  were	  built	  based	  on	  the	  area	  under	  the	  receiver-‐operator	  characteristic	  (AUC)	  from	  
logistic	  regressions	  that	  predicted	  inpatient	  mortality.	  	  Several	  different	  models	  reached	  a	  
high	  AUC	  value.	  	  All	  top	  variables	  from	  these	  previous	  studies	  were	  initially	  considered	  
(Table	  1).	  	  	  
	  
We	  discussed	  this	  initial	  list	  with	  physicians	  from	  the	  Mozambique	  Ministry	  of	  Health	  as	  
well	  as	  the	  non-‐physician	  surgeons	  operating	  in	  Chókwè	  Hospital.	  	  The	  process	  of	  omitting	  
or	  adding	  variables	  was	  based	  on	  consensus	  among	  all	  parties.	  	  The	  final	  list	  of	  variables	  
collect	  on	  each	  surgery	  patient	  can	  be	  found	  in	  Table	  2.	  
	  
Several	  preoperative	  risk	  variables	  were	  omitted	  because	  they	  were	  not	  easily	  collected	  at	  
this	  site.	  	  These	  include	  INR,	  disseminated	  cancer	  status,	  ascites,	  and	  weight	  loss.	  	  Surgeon	  
specialty	  was	  also	  omitted	  as	  surgeons	  are	  not	  specialized	  in	  Chókwè;	  rather,	  a	  non-‐
physician	  surgeon	  handles	  all	  general	  surgery	  cases	  while	  an	  additional	  non-‐physician	  
surgeon	  oversees	  all	  obstetrics	  cases.[16]	  	  
	  
We	  also	  added	  several	  variables	  based	  on	  the	  setting.	  	  Since	  none	  of	  the	  original	  
preoperative	  laboratory	  values	  were	  easily	  collected,	  we	  added	  other	  laboratory	  values	  
that	  could	  be	  easily	  obtained	  through	  a	  complete	  blood	  count	  (CBC)	  at	  this	  hospital	  that	  
had	  an	  AUC>0.6	  in	  the	  original	  mortality	  analysis.	  	  These	  include	  hematocrit	  (AUC=0.7184),	  
white	  blood	  cell	  (WBC)	  count	  (AUC=0.6629),	  and	  platelet	  count	  (AUC=0.6182).	  	  Height	  and	  
weight	  were	  added	  to	  calculate	  body	  mass	  index	  (BMI).	  	  Given	  that	  the	  HIV	  rate	  in	  
Mozambique	  is	  estimated	  at	  11.5%,	  we	  felt	  this	  was	  an	  important	  variable	  to	  consider	  and	  
added	  it	  to	  the	  analysis.[17]	  Pregnancy	  status	  was	  also	  added	  given	  a	  fertility	  rate	  of	  5.9	  
children	  per	  woman	  in	  Mozambique	  and	  the	  increased	  potential	  this	  may	  have	  on	  surgical	  
outcomes.[15]	  Ketamine	  was	  also	  added	  to	  the	  three	  types	  of	  anesthesia	  described	  by	  
NSQIP	  (general,	  spinal,	  and	  local),	  as	  this	  is	  a	  common	  option	  at	  these	  district	  hospitals	  that	  
we	  did	  not	  feel	  was	  adequately	  captured	  by	  the	  existing	  choices.	  	  A	  large	  proportion	  of	  
surgery	  patients	  are	  trauma	  patients	  at	  this	  district	  hospital;	  we	  thus	  captured	  whether	  the	  
patient	  was	  a	  trauma	  patient	  and	  of	  what	  type.	  	  
	  
For	  a	  descriptive	  analysis	  of	  this	  patient	  population,	  we	  also	  collected	  information	  on	  
diagnosis	  and	  type	  of	  surgery.	  	  We	  chose	  a	  list	  of	  11	  commonly	  performed	  procedures	  at	  
this	  hospital	  to	  choose	  from,	  in	  addition	  to	  an	  “other”	  category,	  in	  which	  the	  surgeon	  could	  
write	  in	  a	  different	  operation.	  
	  
We	  also	  collected	  intraoperative	  variables,	  including	  total	  anesthesia	  time	  and	  total	  
operative	  time.	  	  To	  identify	  areas	  requiring	  intervention,	  we	  also	  asked	  whether	  there	  were	  
any	  barriers	  to	  adequate	  surgical	  care,	  with	  possible	  options	  including:	  lack	  of	  electricity,	  
lack	  of	  water,	  lack	  of	  antibiotics,	  lack	  of	  other	  materials,	  surgical	  staff	  unavailable,	  or	  other.	  	  
Whether	  pre-‐operative	  antibiotics	  were	  given	  was	  also	  asked,	  as	  this	  could	  be	  another	  area	  
for	  intervention.	  	  Intra-‐operative	  complications	  were	  also	  inquired.	  
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Post-‐operative	  outcomes	  were	  recorded	  both	  at	  time	  of	  discharge	  and	  at	  time	  of	  follow-‐up	  
visit.	  	  All	  patients	  were	  expected	  to	  return	  to	  at	  least	  one	  follow-‐up	  visit	  within	  two	  weeks	  
after	  discharge,	  with	  some	  patients	  requiring	  additional	  follow-‐up.	  	  In	  addition	  to	  mortality,	  
we	  collected	  a	  variety	  of	  post-‐operative	  outcomes,	  including	  dates	  (to	  estimate	  length	  of	  
time	  to	  surgery	  and	  total	  length	  of	  stay),	  whether	  the	  patient	  was	  transferred	  to	  another	  
hospital,	  and	  the	  following	  outcomes	  captured	  by	  NSQIP:	  death,	  surgical	  site	  infection	  
(superficial,	  deep,	  or	  organ	  space),	  wound	  dehiscence,	  pneumonia,	  unplanned	  intubation,	  
urinary	  tract	  infection,	  cerebrovascular	  accident	  with	  neurological	  deficits,	  coma	  >24	  
hours,	  peripheral	  nerve	  damage,	  cardiac	  arrest	  requiring	  cardiopulmonary	  resuscitation	  
(CPR),	  bleeding	  requiring	  transfusion,	  deep	  vein	  thrombosis	  or	  thrombophlebitis,	  sepsis,	  
septic	  shock,	  other.	  	  NSQIP	  also	  captures	  pulmonary	  embolism,	  ventilator	  >48	  hours,	  
progressive	  renal	  insufficiency,	  acute	  renal	  failure,	  and	  prosthesis	  or	  flap	  failure,	  but	  these	  
were	  determined	  to	  be	  too	  difficult	  to	  diagnose	  or	  not	  applicable	  given	  available	  technology	  
and	  equipment	  at	  each	  site.	  
	  
Importantly,	  variables	  specific	  to	  obstetrics	  patients	  were	  also	  added.	  	  Cesarean	  sections	  
are	  the	  most	  commonly	  performed	  operation	  at	  these	  sites	  and	  it	  is	  estimated	  that	  
Cesarean	  sections	  comprise	  a	  large	  proportion,	  if	  not	  a	  majority	  of	  all	  surgeries	  in	  
LMICs.[18]	  Although	  NSQIP	  only	  considers	  general	  surgery	  patients,	  we	  did	  not	  want	  to	  
ignore	  this	  important	  aspect	  of	  surgery	  in	  LMICs.	  	  Additional	  pre-‐operative	  variables	  for	  
these	  patients	  include:	  number	  of	  prior	  births,	  whether	  they	  had	  a	  prior	  Cesarean	  section,	  
duration	  of	  labor	  (active	  phase)	  prior	  to	  Cesarean	  section,	  whether	  labor	  was	  induced	  prior	  
to	  surgery,	  and	  whether	  there	  was	  use	  of	  instrumentation	  (suction,	  forceps,	  etc.)	  prior	  to	  
surgery.	  	  We	  also	  asked	  whether	  the	  patient	  was	  hemorrhaging	  prior	  to	  surgery,	  and	  if	  so,	  
the	  estimated	  amount	  (<500	  mL,	  500-‐1000	  mL,	  or	  >1000	  mL)	  and	  if	  she	  received	  a	  blood	  
transfusion.	  	  Maternal	  diagnoses	  were	  also	  inquired	  and	  included	  uterine	  rupture,	  
placental	  problems,	  obstruction,	  uterine/vaginal	  infection,	  atony,	  fetal	  macrosomia	  (>4	  kg),	  
pre-‐eclampsia,	  eclampsia,	  or	  other.	  	  Post-‐operatively,	  we	  asked	  if	  there	  was	  post-‐partum	  
hemorrhage	  and	  whether	  there	  were	  any	  other	  outcomes,	  including	  fetal	  demise,	  fetal	  
disability,	  maternal	  disability,	  infection,	  unplanned	  hysterectomy,	  or	  other.	  
	  
Data	  Analysis	  
Once	  data	  were	  collected,	  we	  performed	  a	  six-‐step	  process	  to	  add	  each	  additional	  variable	  
sequentially.	  	  For	  each	  step,	  a	  logistic	  regression	  was	  performed	  to	  predict	  any	  adverse	  
event	  (complication	  or	  death).	  	  After	  each	  regression,	  the	  area	  under	  the	  receiver-‐operator	  
characteristic	  curve	  (AUC)	  for	  each	  model	  was	  calculated.	  	  The	  AUC	  is	  a	  discriminative	  
measure	  to	  identify	  how	  well	  a	  model	  separates	  two	  groups	  (i.e.	  patients	  with	  versus	  
without	  adverse	  events).	  	  An	  AUC	  value	  of	  0.5	  indicates	  that	  the	  model	  separated	  the	  two	  
groups	  no	  better	  than	  chance,	  whereas	  an	  AUC	  value	  of	  1.0	  indicates	  that	  the	  model	  
completely	  separates	  the	  two	  groups.	  	  The	  AUC	  statistic	  is	  actually	  the	  percentage	  of	  
randomly	  selected	  pairs	  that	  are	  correctly	  predicted	  by	  the	  model.	  	  Thus,	  the	  AUC	  allows	  us	  
to	  determine	  which	  model	  can	  more	  accurately	  discriminate	  between	  the	  two	  groups	  of	  
interest.[19-‐22]	  
	  
In	  Step	  1,	  a	  simple	  logistic	  regression	  was	  performed	  with	  each	  variable	  to	  predict	  in-‐
hospital	  adverse	  events.	  	  The	  variable	  with	  the	  highest	  AUC	  was	  chosen	  and	  used	  as	  the	  
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basis	  for	  Step	  2.	  	  In	  Step	  2,	  all	  other	  variables	  were	  added	  to	  the	  top	  variable	  chosen	  from	  
Step	  1.	  	  Multivariate	  logistic	  regression	  with	  inpatient	  adverse	  event	  as	  the	  outcome	  was	  
performed	  again	  for	  each	  variation	  of	  this	  two-‐variable	  model	  and	  AUC	  values	  were	  found.	  	  
The	  models	  with	  the	  top	  five	  AUC	  values	  were	  chosen	  and	  used	  as	  the	  basis	  for	  Step	  3.	  	  The	  
method	  for	  Steps	  3-‐6	  was	  the	  same	  as	  in	  Step	  2:	  each	  additional	  variable	  was	  added	  to	  the	  
five	  models	  chosen	  from	  the	  previous	  step,	  multivariate	  logistic	  regression	  was	  performed,	  
and	  the	  AUC	  value	  was	  found.	  The	  five	  models	  with	  the	  highest	  AUC	  value	  became	  the	  basis	  
for	  the	  next	  step.	  	  	  This	  process	  was	  repeated	  until	  we	  created	  models	  with	  six	  variables	  
each	  (Figure	  1).	  	  	  
	  
Statistical	  analysis	  was	  performed	  using	  STATA	  64-‐bit	  Special	  Edition,	  version	  11.2	  (Stata	  
Corp,	  College	  Station,	  Texas).	  	  The	  National	  Bioethics	  Committee	  of	  Mozambique	  and	  the	  
Human	  Research	  Protection	  program	  at	  UC	  San	  Diego	  approved	  this	  study.	  
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Table	  1.	  Initial	  variables	  considered	  for	  analysis,	  based	  on	  previous	  research	  from	  NSQIP	  
	   Pre-operative	  Variables	  

Predicting	  Inpatient	  
Mortality*	  

Pre-operative	  Variables	  Predicting	  Any	  
Inpatient	  Adverse	  Event	  (Mortality	  or	  

Morbidity)†	  
Age	   Age	  
Albumin	   Albumin	  
ASA	  Classification	   ASA	  Classification	  
Blood	  urea	  nitrogen	  (BUN)	   Blood	  urea	  nitrogen	  (BUN)	  
Emergent	   Emergent	  
Functional	  Status	   Functional	  Status	  
Hematocrit	   Hematocrit	  
INR	   INR	  
Surgical	  specialty	   Surgical	  specialty	  
Weight	  loss	   Weight	  loss	  

Common	  to	  
both	  models	  

Wound	  classification	   Wound	  classification	  
Ascites	   Alkaline	  phosphatase	  
Cancer	   Body	  mass	  index	  (BMI)	  
Sepsis	   Principal	  anesthesia	  technique	  

Unique	  to	  
each	  model	  

	   Sex	  
*Anderson	  JE,	  Lassiter	  R,	  Bickler	  SW,	  et	  al.	  	  Brief	  tool	  to	  measure	  risk-‐adjusted	  surgical	  
outcomes	  in	  resource-‐limited	  hospitals.	  	  Arch	  Surg	  2012;147:798-‐803.	  	  	  
†Anderson	  JE,	  Rose	  J,	  Noorbakhsh	  A,	  et	  al.	  	  An	  efficient	  risk-‐adjustment	  model	  to	  predict	  
inpatient	  adverse	  events	  after	  surgery.	  	  Under	  review.	  
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Table	  2.	  	  Description	  of	  variables	  collected	  
Variable	   Definition	  
Preoperative	  Variables	  
ID	  number	   Hospital	  ID	  and	  study	  ID	  
Sex	   	  
Age	  (years)	   	  
Diagnosis	   	  
Date	  admitted	  to	  the	  
hospital	   	  

Trauma	  patient	   No;	  Car	  accident;	  Burn;	  Other	  

ASA	  classification	  

1)	  Healthy,	  normal;	  2)	  Mild	  systemic	  disease;	  3)	  Serious	  
systemic	  disease;	  4)	  Serious	  systemic	  disease	  that	  is	  a	  
constant	  threat	  to	  life;	  5)	  Not	  expected	  to	  survive	  without	  
surgery	  

Sepsis	  status	   None;	  SIRS;	  Sepsis;	  Septic	  shock	  
Functional	  status	  prior	  to	  
surgery	   Independent;	  Partially	  dependent;	  Totally	  dependent	  

HIV	  status	   Positive;	  Negative;	  Unknown	  
Pregnant	   Yes;	  No	  
Vitals:	  Weight;	  Height;	  
Temperature;	  Heart	  rate;	  
Blood	  pressure;	  
Respiratory	  rate	  

	  

Laboratory	  values:	  WBC;	  
Hematocrit;	  Platelets;	  
Urea;	  Albumin	  

	  

Additional	  pre-operative	  variables	  for	  maternity	  patients	  
Number	  of	  prior	  births	   	  
Prior	  Cesarean	  sections	   Yes;	  No	  
Duration	  of	  labor	  prior	  to	  
Cesarean	  section	  (hours)	   	  

Was	  labor	  induced	  prior	  
to	  surgery	  (e.g.	  use	  of	  
oxytocin	  or	  misoprostol)	  

Yes;	  No	  

Was	  there	  use	  of	  
instrumentation	  prior	  to	  
surgery	  (e.g.	  suction,	  
forceps,	  etc.)	  

Yes;	  No	  

Was	  the	  patient	  
hemorrhaging	  prior	  to	  
surgery	  

Yes;	  No.	  	  If	  yes:	  0-‐500	  mL,	  500-‐1000	  mL,	  >1000	  mL.	  	  If	  yes:	  did	  
the	  patient	  receive	  a	  blood	  transfusion?	  Yes;	  No.	  

Maternal	  diagnosis	  
Uterine	  rupture;	  placental	  problems;	  obstruction;	  
uterine/vaginal	  infection;	  atony;	  fetal	  macrosomia	  (>4	  kg);	  
pre-‐eclampsia;	  eclampsia;	  other	  

Peri-operative	  Variables	  
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Date	  of	  surgery	   	  

Type	  of	  surgery	  

Cesarean	  section;	  herniorraphia;	  exploratory	  laparotomy;	  
intestinal	  resection;	  salpingectomy;	  hysterectomy;	  split-‐
thickness	  skin	  graft;	  wound	  debridement;	  appendectomy;	  
hydrocoelectomy;	  limb	  amputation;	  other	  

Emergent	   Yes;	  No	  
Antibiotics	  given	  
preoperatively	   Yes;	  No	  

Duration	  of	  operation	  
(minutes)	   	  

Duration	  of	  anesthesia	  
(minutes)	   	  

Type	  of	  anesthesia	   General;	  Ketamine;	  Spinal;	  Local;	  None	  
Wound	  classification	   Clean;	  Clean/contaminated;	  Contaminated;	  Dirty/Infected	  
Intra-‐operative	  
complications	  

Yes;	  No.	  	  If	  yes,	  check	  one:	  required	  blood	  transfusion;	  CPR;	  
myocardial	  infarction;	  unplanned	  intubation;	  other	  

Did	  any	  of	  the	  following	  
interfere	  with	  patient	  
care	  before,	  during,	  or	  
after	  surgery	  

Lack	  of	  electricity;	  lack	  of	  water;	  lack	  of	  antibiotics;	  lack	  of	  
other	  materials;	  surgical	  staff	  unavailable;	  other	  

Post-operative	  Variables	  (collected	  at	  time	  of	  discharge	  and	  at	  time	  of	  follow-up)	  
Date	  of	  discharge	  /	  	  
Date	  of	  follow-‐up	  visit	   	  

Transferred	  to	  another	  
hospital	   Yes;	  No	  

Were	  there	  any	  post-‐
operative	  complications	   Yes;	  No.	  	  If	  yes:	  check	  below:	  

Surgical	  site	  infection	   Superficial;	  deep;	  organ	  space	  

Other	  

Death;	  wound	  dehiscence;	  pneumonia;	  unplanned	  intubation;	  
urinary	  tract	  infection;	  cerebrovascular	  accident	  with	  
neurological	  deficits;	  coma>24	  hours;	  peripheral	  nerve	  
damage;	  cardiac	  arrest	  requiring	  CPR;	  blood	  transfusion;	  
DVT/thrombophlebitis;	  sepsis;	  septic	  shock;	  other	  

Additional	  post-operative	  variables	  for	  maternity	  patients	  
Post-‐partum	  hemorrhage	  
after	  Cesarean	  section	  

Yes;	  No.	  	  If	  yes:	  0-‐500	  mL,	  500-‐1000	  mL,	  >1000	  mL.	  	  If	  yes:	  did	  
the	  patient	  receive	  a	  blood	  transfusion?	  Yes;	  No.	  

Other	  maternal	  outcomes	   Fetal	  demise;	  fetal	  disability;	  maternal	  disability;	  infection;	  
unplanned	  hysterectomy;	  other	  
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Figure	  1.	  	  Stepwise	  methods	  for	  creating	  a	  6-‐variable	  model	  based	  on	  AUC	  values	  
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Objectives: To develop and validate a risk-adjusted tool
with fewer than 10 variables to measure surgical out-
comes in resource-limited hospitals.

Design: All National Surgical Quality Improvement Pro-
gram (NSQIP) preoperative variables were used to de-
velop models to predict inpatient mortality. The models
were built by sequential addition of variables selected
based on their area under the receiver operator charac-
teristic curve (AUROC) and externally validated using
data based on medical record reviews at 1 hospital out-
side the data set.

Setting: Model development was based on data from the
NSQIPfrom2005to2009.Validationwasbasedondatafrom
1nonurbanhospital in theUnitedStates from2009to2010.

Patients: A total of 631 449 patients in NSQIP and 239
patients from the validation hospital.

Main Outcome Measures: The AUROC value for each
model.

Results: The AUROC values reached higher than 90%
after only 3 variables (American Society of Anesthesi-
ologists class, functional status at time of surgery, and
age). The AUROC values increased to 91% with 4 vari-
ables but did not increase significantly with additional
variables. On validation, the model with the highest
AUROC was the same 3-variable model (0.9398).

Conclusions: Fewer than 6 variables may be neces-
sary to develop a risk-adjusted tool to predict inpatient
mortality, reducing the cost of collecting variables by
95%. These variables should be easily collectable in
resource-poor settings, including low- and middle-
income countries, thus creating the first standardized
tool to measure surgical outcomes globally. Research
is needed to determine which of these limited-variable
models is most appropriate in a variety of clinical
settings.

Arch Surg. 2012;147(9):798-803. Published online May
21, 2012. doi:10.1001/archsurg.2012.699

M ANY EFFORTS HAVE BEEN

made to define, mea-
sure, and evaluate qual-
ity surgical care, but
these programs tend to

focus on hospitals in urban areas, missing
many suburban or rural hospitals and com-
pletely overlooking low- and middle-
income countries (LMICs). In the United
States, the most well known include the
American College of Surgeons National Sur-

gical Quality Improvement Program
(NSQIP),1 the Surgical Care Improvement
Project,2 and the Leapfrog Group’s surgi-
cal care standards.3 Many of these pro-
grams focus their research on data from ur-
ban and large suburban hospitals and target
their programs toward these hospitals. For
example, NSQIP collects data on more than

130 variables and includes a 30-day pa-
tient follow-up. The cost of participation in
this quality improvement program is pro-
hibitory for many small, rural medical cen-
ters. The NSQIP recently launched their
small and rural program for hospitals that
are designated rural by zip code or have
fewer than 1680 “NSQIP eligible cases,” but
this may miss many medium-sized hospi-
tals in nonurban areas that may be too large
for this program or too small to feasibly par-
ticipate in the original NSQIP.1

In addition, surgical quality improve-
ment programs have largely been iso-
lated in developed countries. To improve
global surgery, quality measurement tools
must be developed to be broadly and in-
ternationally applicable. Allowing hospi-
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tals in resource-limited countries to participate in sur-
gical quality improvement efforts through the
development of a simplified tool to measure surgical out-
comes is the next critical step to improving surgical out-
comes globally.

This research seeks to develop and validate a risk-
adjusted tool with a limited number of variables to ex-
pand risk-adjustment outcomes research to all of the
world’s surgical settings. This approach will provide the
first step to compare risk-adjusted outcomes over time
within a given nonurban hospital, between nonurban hos-
pitals, and between urban and nonurban hospitals at a
much lower cost. This research creates an important new
model for quality improvement and will help establish a
system to benchmark surgical outcomes in nonurban hos-
pitals. Ultimately, this research seeks to create path-
ways to raise standards of health care of all hospitals to
the next level.

METHODS

Patient data from NSQIP from 2005 to 2009 were used to
build a tool with a limited number of variables to predict
inpatient mortality. This nationally validated program mea-
sures more than 130 variables on each patient and includes a
30-day patient follow-up.4 This data set was chosen for its
breadth of variables available for each patient, both preop-
eratively and postoperatively.

A 6-variable tool was built using a list of all preoperative
variables included in the NSQIP database, a total of 66 vari-
ables, to predict inpatient mortality. All continuous variables

were kept as such except for age, which was grouped into 10-
year categories.

We performed a 6-stage process to add each additional vari-
able sequentially (Figure 1). For each stage, logistic regres-
sion was performed to predict inpatient death. After each re-
gression, the area under the receiver operator characteristic curve
(AUROC) for each model was calculated. The AUROC value
is a discriminative measure to identify how well a model sepa-
rates 2 groups (ie, survivors vs nonsurvivors). An AUROC value
of 0.5 would indicate that the model separated the 2 groups
no better than chance, whereas an AUROC value of 1.0 would
indicate that the model completely separated the 2 groups. The
AUROC statistic is actually the percentage of randomly se-
lected pairs that are correctly predicted by the model. Thus,
the AUROC value allows us to see which model can more ac-
curately discriminate between the 2 groups of interest.5-8

In stage 1, simple logistic regression was performed with
each variable to predict inpatient death. The variable with the
highest AUROC value to predict inpatient death was chosen
from this first stage and used as the basis for stage 2. In stage
2, all other variables were added to the top variable chosen from
stage 1. Multivariate logistic regression with inpatient death as
the outcome was performed again for each variation of this
2-variable model, and AUROC values were found. The models
with the top 5 AUROC values were chosen and used as the ba-
sis for stage 3. The method for stages 3 through 6 was the same
as in stage 2: each additional variable was added to the 5 mod-
els chosen from the previous stage, multivariate logistic regres-
sion was performed to predict inpatient death, and the AUROC
value was found. The 5 models with the highest AUROC value
would become the basis for the next stage. This process was
repeated until we created 6-variable models.

The models with the highest AUROC value at each stage
were plotted to observe the diminishing returns of AUROC by
each additional variable added (Figure 2).

The models with the highest AUROC value were validated
using patient data from a 110-bed hospital with a level IV trauma
center that serves a community of approximately 25 000 people
in California. A retrospective medical record review of 239 sur-
gical patients from 2009 to 2010 was conducted to collect data
on each variable of interest. Patients were chosen to represent
a random sampling of common, low-mortality operations per-
formed at this hospital (40 procedures on 153 patients) and
less common, high-mortality procedures (18 procedures on 86
patients). Common procedures were found by ranking Inter-
national Classification of Diseases, Ninth Revision (ICD-9) pro-
cedure codes. High-mortality procedures were found by rank-
ing ICD-9 procedures among patients who died. Endoscopic

1-Variable stage: Simple logistic regression
with each variable

Rank according to AUROC

2-Variable stages: Take top variable from Stage 1

Perform multiple logistic regressions
with 1 additional variable

Rank 2-variable models
according to AUROC

≥3-Variable stages: Take top 5 models

Perform multiple logistic regressions
with 1 additional variable and rank

according to AUROC

6-Variable model

Figure 1. Stepwise methods for creating a 6-variable model based on area
under the receiver operator characteristic curve (AUROC) values.
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Figure 2. Diminishing returns of additional variables on area under the
receiver operator characteristic curve (AUROC). The AUROC values for the
top 5 ranked models within each stage are shown.
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procedures were excluded. A random number of patients from
procedures in each group were chosen to obtain a representa-
tive sample of both common and high-mortality operations per-
formed at this hospital.

Patient data from this hospital were used to validate the mod-
els by rerunning the original multivariate logistic regressions
and calculating AUROC values. Pseudo-R2 values were also found
for these models. Some variables, such as albumin, interna-
tional normalized ratio, blood urea nitrogen, cancer status, as-
cites status, and surgical specialty of the surgeon, were not iden-
tified from medical record reviews; models with these variables
were not available to include in the validation.

Statistical analysis was performed with Stata statistical soft-
ware, version 11.0 (StataCorp). Statistical significance was de-
fined as P� .05. This study received approval from the Uni-
versity of California, San Diego, Institutional Review Board.

RESULTS

Data from 631 449 patients from 2005 to 2009 were con-
sidered from the NSQIP database to create the limited
risk-adjustment model, and data from 239 patients from
2009 to 2010 from the validation hospital were used to
assess the risk-adjustment model (Table 1). Mean age
and sex distribution are similar between the 2 study popu-
lations. By race, Hispanics constitute most cases at the
validation hospital, whereas whites constitute most cases
in the NSQIP data set.

The American Society of Anesthesiologists (ASA)
physical status classification had the highest AUROC value
(0.8479) in a single-variable model to predict inpatient
mortality (Table 2). The top variables were ASA clas-
sification, albumin, functional status, age, sepsis status,
and preoperative hematocrit. Combinations of these vari-
ables made up the 2- and 3-variable models. In the 4-vari-
able model, emergency status and wound classification
were added as significant variables. In the 5-variable
model, cancer status, surgeon specialty, and ascites
emerged as significant variables. In the 6-variable model,
weight loss also emerged as a significant variable, but it
is possible this is a surrogate for cancer status.

Using patient data from the validation hospital, the
model with the highest AUROC value was a 3-variable
model with age, ASA classification, and functional sta-

tus (AUROC value of 0.9398) (Table 2). The model with
the next highest AUROC value was a 2-variable model
with ASA classification and functional status (AUROC
value of 0.9290).

The AUROC values greater than 90% were achieved
after only 3 variables (Figure 2). The AUROC values in-
creased to 91% with 4-variable models and almost 92%
with 6-variable models. There is little additional gain in
AUROC for a 5- or 6-variable model compared with a 3-
or 4-variable model. Including all 66 preoperative vari-
ables resulted in an AUROC value of 0.9104 (pseudo-
R2=0.3342), approximately the same AUROC value
achieved with only 4 variables.

COMMENT

We found that 3 or 4 variables may be sufficient for ad-
equate risk adjustment to measure surgical outcomes. We
achieved AUROC values of greater than 90% with only
3 variables. On a scale of 0.5 to 1.0, with an AUROC value
of 0.5 indicating that the model cannot distinguish be-
tween 2 groups any better than change and an AUROC
value of 1.0 indicating that the model completely dis-
criminates between the 2 groups, an AUROC value of
greater than 90% is substantial.

Our data provide several examples of risk-adjustment
models that may be appropriate for hospitals in resource-
limited settings. In particular, a 3-variable model with ASA
class, functional status, and age was found to have high dis-
crimination within our nonurban validation hospital. How-
ever, the data presented allow for a wide range of possible
risk-adjustment models, allowing surgical systems to choose
the most appropriate model given their unique resources.
For example, although it may be possible for hospital sys-
tems in one area to collect preoperative laboratory values,
such as albumin or hematocrit, other hospital systems may
find it easier to collect information on ASA classification
or functional status.

Other studies found that a model based on only a few
variables may provide enough discrimination to mea-
sure surgical outcomes. Rubinfeld et al9 found the AUROC
value for mortality decreased only slightly from 0.907

Table 1. Characteristics of the Patient Population

Characteristic

NSQIP Database Validation Hospital

All
(N = 631 449)

Survived
(n = 615 373)

Died
(n = 16 076) P Value

All
(N = 239)

Survived
(n = 236)

Died
(n = 3) P Value

Age, mean (SD), ya 57.4 (17.2) 57.1 (17.2) 71.2 (13.6) �.001 50-54 (20) 50-54 (20) 60-64 (15) .31
Race, No. (%)b

�.001 .002

White 460 085 (78.8) 448 003 (78.8) 12 082 (80.7) 49 (20.5) 49 (20.8) 0
African American 65 071 (11.2) 63 217 (11.1) 1854 (12.4) 5 (2.1) 4 (1.7) 1 (33.3)
Hispanic 41 165 (7.1) 40 493 (7.1) 672 (4.5) 179 (74.9) 177 (75.0) 2 (66.7)
Asian or Pacific Islander 13 221 (2.3) 12 946 (2.3) 275 (1.8) NA NA NA
Other or unknown 4291 (0.7) 4199 (0.7) 92 (0.6) 6 (2.5) 6 (2.5) 0

Female sex 356 475 (56.5) 348 808 (56.7) 7667 (47.7) �.001 135 (56.5) 135 (57.2) 0 .047

Abbreviations: NA, not applicable; NSQIP, National Surgical Quality Improvement Program.
aAge was recorded within 5-year categories in the validation hospital and 10-year categories in the NSQIP database.
bRace was only reported for 583 833 of the 631 449 patients. Thus, the percentages are calculated from the total number of patients with a reported race

(583 833).
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using all variables to 0.902 using 10 variables and argue
that only a few variables are required for predictive ac-
curacy. Dimick et al10 found that limited models based
on 5 or 12 variables had comparable discrimination to a
21-variable model using receiver operator characteris-
tics. Birkmeyer et al11 also found high correlation be-
tween a 5-variable and a 20-variable morbidity risk model
and recommended that the new version of the NSQIP have
no more than 5 to 10 core covariates.

There is some concern that ASA class and functional
status are not reliable measures because they are more
subjective. Some data suggest that there is a lack of in-
terrater reliability in assigning ASA class.12-14 Davenport
et al15 found that although ASA class was the strongest
single predictor of outcomes, combinations of other risk
variables without ASA class were better predictors than
ASA class alone. However, ASA class was significantly cor-
related with 57 of 59 NSQIP preoperative risk factors.15

In addition, Cohen et al16 did not find evidence that ASA

class and functional status were inconsistently classi-
fied and argue that they improve model quality and should
be used in surgical risk-adjusted assessments. Dimick et
al10 also found that ASA class and functional status were
the most important variables in all risk-adjustment mod-
els. Furthermore, ASA class and functional status were
2 of the most predictive preoperative risk variables of post-
operative morbidity in the National Veterans Affairs Sur-
gical Risk Study17 and have been shown to predict op-
erative outcomes in specific procedures.18,19 Disagreement
rates between ASA class and functional status, as well as
other NSQIP variables, have also improved since imple-
mentation (functional status before operation: 11.38%
in 2005 to 3.4% in 2008; ASA class: 2.65% in 2005 to
1.82% in 2008); the authors argue that this is possibly
due to data collection training and ongoing support.20

This study is strengthened by the fact that we devel-
oped our model using data from a large multicenter data-
base from multiple years. Another strength of this study is

Table 2. Stepwise Process for Creating the Limited Model to Predict Inpatient Mortalitya

Model

NSQIP Database Validation Hospital

AUROC Pseudo-R 2 AUROC Pseudo-R 2

1-Variable model
ASA class 0.8479 0.2310 0.8217 0.2354
Albuminb 0.8119 0.1512 NA NA
Functional status 0.7676 0.1933 0.9124 0.3025
INRb 0.7615 0.0366 NA NA
BUNb 0.7540 0.0909 NA NA

2-Variable model
ASA class, albuminb 0.8870 0.2712 NA NA
ASA class, functional status 0.8830 0.2868 0.9290 0.3562
ASA class, age (category) 0.8792 0.2465 0.8241 0.2320
ASA class, sepsis 0.8788 0.2841 0.6833 0.0916
ASA class, hematocrit 0.8744 0.2410 0.7079 0.2310

3-Varible model
ASA class, age (category), sepsis 0.9019 0.3057 0.6333 0.0511
ASA class, functional status, age (category) 0.9015 0.3002 0.9398 0.4605
ASA class, albumin,b age (category) 0.8982 0.2883 NA NA
ASA class, albumin,b functional status 0.8977 0.2964 NA NA
ASA class, albumin,b sepsis 0.8963 0.2951 NA NA

4-Variable model
ASA class, age (category), sepsis, functional status 0.9103 0.3253 0.5000 0.0000
ASA class, functional status, age (category), emergency 0.9085 0.3207 0.5000 0.0000
ASA class, age (category), sepsis, albuminb 0.9079 0.3168 NA NA
ASA class, functional status, age (category), wound class 0.9073 0.3105 Unable to calculate Unable to calculate
ASA class, functional status, age (category), albuminb 0.9072 0.3120 NA NA

5-Varible model
ASA class, age (category), sepsis, functional status, cancerb 0.9133 0.3308 NA NA
ASA class, functional status, age (category), emergency, sepsis 0.9131 0.3348 Unable to calculate Unable to calculate
ASA class, age (category), sepsis, functional status, wound class 0.9130 0.3281 Unable to calculate Unable to calculate
ASA class, age (category), sepsis, functional status, surgical specialtyb 0.9129 0.3294 NA NA
ASA class, age (category), sepsis, functional status, ascitesb 0.9126 0.3305 NA NA

6-Variable model
ASA class, age (category), sepsis, functional status, cancer,b emergency 0.9159 0.3403 NA NA
ASA class, age (category), sepsis, functional status, cancer,b wound class 0.9154 0.3330 NA NA
ASA class, age (category), sepsis, functional status, cancer,b surgical specialty 0.9154 0.3344 NA NA
ASA class, functional status, age (category), emergency, sepsis, wound class 0.9152 0.3370 Unable to calculate Unable to calculate
ASA class, functional status, age (category), emergency, sepsis, weight lossb 0.9151 0.3380 NA NA

Abbreviations: ASA, American Society of Anesthesiologists; AUROC, area under the receiver operator characteristic curve; BUN, blood urea nitrogen;
INR, international normalized ratio; NA, not applicable; NSQIP, National Surgical Quality Improvement Program.

aThe process used NSQIP data to create the model and data from a nonurban hospital for validation. Only the models with the 5 highest AUROC values for each
stage are listed. The models are listed from high to low AUROC values at each stage.

bVariable not collected from validation hospital.
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that it was validated using patient data from a smaller non-
urban hospital, using data from both common proce-
dures and less common, high-mortality procedures. Vali-
dating our study findings enabled us to judge the practicality
of collecting such variables in a resource-limited setting and,
in this case, in a setting that has not yet moved to elec-
tronic medical records. Our validation process also pro-
vided additional information as to which variables had the
highest discrimination among this population. This study
is also strengthened because we included data on all sur-
gical patients. Some quality improvement programs focus
specifically on certain surgical specialties. By using all pa-
tients in NSQIP and validating our models using a mix of
surgical patients (including patients with the most com-
mon procedures performed and those with less common
buthigher-mortalityprocedures), our findings canbe widely
applicable to a variety of surgical fields.

One limitation of this study is that some of the top
variables from our models created by the NSQIP data were
unable to be collected from our validation hospital be-
cause they were not easily obtained through the paper
medical record review. However, the 2- and 3-variable
models using data from the validation hospital had very
high AUROC values, indicating that the additional miss-
ing variables would be unlikely to significantly affect the
results. Another limitation is that there are likely to be
coding errors, both in the NSQIP data and in data from
the validation hospital. However, these errors are likely
to be evenly and randomly distributed and thus should
not affect our conclusions. Furthermore, coding errors
will also be a reality when this model is used, so any cod-
ing errors present in our current data are likely to be simi-
lar to those encountered by this model in practice.

Our study has global implications. Although partici-
pation in programs such as the NSQIP offers adminis-
trative support and comparison of outcomes among par-
ticipating hospitals, the low-cost options reported can
expand the number of hospitals that participate in risk-
adjustment outcomes analysis and quality improve-
ment programs. Our work also allows the expansion of
risk-adjustment outcomes research to LMICs. With mini-
mal training, 3 or 4 variables can be easily and effi-
ciently collected by existing hospital personnel at small
or resource-limited hospitals in both developed and LMICs
with limited costs. From these variables, a hospital’s ob-
served-to-expected ratio can be calculated to make com-
parisons about outcomes. By offering a simplified risk-
adjustment tool, we can compare surgical outcomes
among hospitals on a global scale, regardless of the spec-
trum of surgical procedures offered or hospital resources.

The area of global surgery has focused primarily on
issues of access, which are still problematic in many
LMICs. However, we should also begin to examine the
process and outcomes of a hospital’s surgical system to
develop more appropriate and cost-effective interven-
tions. Evaluating surgical outcomes requires risk adjust-
ment to take patient variability into account. Our study
suggests that simple but sufficient risk adjustment can
be achieved in these settings. Future validation in an LMIC
setting would be valuable.

Future risk-adjustment models should also consider
surgical complications and morbidity, in addition to mor-

tality. Although in-hospital mortality is simple to col-
lect and the ultimate outcome, other outcomes, such as
complications and morbidity, should not be over-
looked. Other important outcome indicators are disability-
adjusted life-years, which can be used to measure reduc-
tions in premature death and disability as a result of an
intervention.21,22 Disability-adjusted life-years are com-
monly used in LMICs, particularly in public health ef-
forts aimed at infectious diseases. By considering disability-
adjusted life-years as an outcome measurement, we can
begin to quantify surgical outcomes in terms of the amount
of reduction of death or disability and have a better un-
derstanding of the cost-effectiveness of surgical inter-
ventions, which is particularly crucial information in re-
source-limited settings.23

Furthermore, surgical quality assessments must in-
clude considerations of structure, process, and out-
comes to evaluate and improve the entire system of sur-
gical care.24 We encourage the World Health Organization
to expand their Tool for Situational Analysis to Assess
Emergency and Essential Surgical Care to include data
collection on preoperative variables to perform ad-
equate risk-adjustment analyses.25 With these addi-
tional data, the situational analysis tool can help record
and compare risk-adjusted surgical outcomes within and
among hospitals in LMICs. In conclusion, we propose
that future risk-adjustment tools be based on 6 or fewer
variables to allow for surgical outcomes to be measured
and compared within and among hospitals in resource-
limited settings.
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ONLINE FIRST

INVITED CRITIQUE

NSQIP Lite

A Potential Tool for Global Comparative Effectiveness Evaluations

T he need to compare outcomes across hospitals
is of paramount importance to our patients, phy-
sicians, and payers. Administrative databases are

inherently limited in scope as has been described in sev-
eral recent articles in this and other journals.1 To date,
the National Surgical Quality Improvement Program
(NSQIP) remains the most robust risk-adjusted and re-
liable tool available and, most important, the only tool
that is readily accepted by most surgeons. A significant
problem with NSQIP is that its expense limits the num-
ber of participating hospitals and excludes most of our
smaller and rural hospitals—hospitals about which one
might legitimately wish to ask certain quality and safety
questions.

Anderson et al2 present a compelling pilot model that
suggests that as few as 3 simple NSQIP data points, ob-
tainable at significantly lower cost, are all that may be needed
to predict inpatient mortality in a risk-adjusted manner
across a wide variety of clinical settings. Although the sta-
tistical methods are dense, one should not overlook the im-
portance of this article. The development of a simple and
inexpensive tool that could be used in the most
resource-poor settings in this country and around the world
is of enormous importance. For the first time, a tool would
exist that would give researchers the ability to measure the
effect of changes to the health care provision systems as
they are being implemented in widely diverse settings. One
would have a tool that gives teeth to the surgical compara-
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Abstract

Background The World Health Organization has iden-

tified the primary referral hospital as its priority site for

improving surgical care in low- and middle-income

countries. Little is known about the relative burden

surgical patients place on health care facilities at this

level. This research estimates the fraction of admissions

due to surgical conditions at three hospitals in rural

Mozambique.

Methods Prospective data were collected on all inpatients

at three primary referral hospitals in Mozambique during a

12-day period. We compared the number of surgical

patients and their length of stay (LOS) to the patients

admitted to the medicine, pediatric, and maternity wards.

These findings were validated using retrospective data

collected from one hospital from January to May 2012.

Results Patients with surgical conditions (i.e., patients

admitted to the surgical or maternity ward) accounted for

57.5 % of admissions and 48.0 % of patient-days. The

majority of patients were admitted to the maternity ward

(32.3 %). The other admissions were evenly distributed to

the pediatric (22.5 %), medical (20.0 %), and surgical

(25.2 %) wards. Compared to patients from the three other

wards, surgical patients had longer average LOS (8.7 vs.

1.9–7.7 days) and a higher number of total patient-days

(891 vs. 252–703 days). The most prevalent procedures

were cesarean section (33.3 %) and laceration repair/

wound care (11.8 %).

Conclusions Surgical conditions are the most common

reason for admissions at three primary referral hospitals in

rural Mozambique. These data suggest that surgical care is

a major component of health care delivered at primary

referral hospitals in Mozambique and likely other sub-

Saharan African countries.

Introduction

Surgical conditions have been a largely neglected public

health issue in low- and middle-income countries (LMICs).

Globally, surgical disease has been estimated as among the

top 15 causes of disability [1, 2]. It has been estimated that

there is approximately one operation performed for every

25 people—double the annual world volume of childbirth

[3]. An estimated 11 % of the global burden of disease can

be treated by surgery, which includes injuries (38 %),

malignancies (19 %), congenital anomalies (9 %), com-

plications of pregnancy (6 %), cataracts (5 %), and peri-

natal conditions (4 %) [1, 4]. Surgical conditions have also

been estimated to account for up to 15 % of total disability-

adjusted life years (DALYs) lost worldwide, estimated at
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38 DALYs lost per 1,000 people [1, 5]. Untreated surgical

conditions contribute to an estimated 10 % of all deaths

and 20 % of deaths in young adults [6].

This article examines the relative burden of surgical

diseases at three primary referral hospitals in rural

Mozambique. This information could be useful when

planning surgical services for population living in rural

areas of LMICs.

Methods

Data were collected from three primary referral hospitals

(Chókwè, Nhamatanda, Ribaue) in the southern, central, and

northeastern regions of Mozambique, respectively (Fig. 1;

Table 1). Mozambique is a country of approximately 24

million people located in southeastern Africa. It ranks 184

of 187 countries in the world on the United Nations

Fig. 1 Map of Mozambique shows the location of the three primary referral hospitals
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Development Programme (UNDP) Human Development

Index [7]. The average life expectancy is 50 years, and

nearly half (43.9 %) of its population is aged\15 years [8].

Less than half of Mozambique’s population lives within

5 km of a public health facility. There is an estimated one

physician for every 23,000 people [9, 10]. Each hospital

serves a catchment area of roughly 230,000–280,000 peo-

ple and is located approximately 110–150 km from the

nearest referral center. Chókwè and Nhamatanda Rural

Hospitals have 125 and 128 beds, respectively. Ribaue

Rural Hospital is somewhat smaller with 57 beds. Each

hospital employs two to four doctors and has a total of

75–116 medical staff. Each hospital is equipped with an

emergency room, an operating room, and an ambulance.

Prospective data were collected from all inpatients at

Chókwè Rural Hospital from June 18–29, 2012, from

Nhamatanda Rural Hospital from June 23–29, 2012, and

from Ribaue Rural Hospital from July 5–12, 2012. Data

included demographics, diagnosis, dates of admission and

discharge, type of operation performed (if applicable), and

human immunodeficiency virus (HIV) status (if available).

To identify the proportion of surgical disease within these

hospitals, the proportion of patients, patient-days, and

average length of stay (LOS) of surgical patients were

compared to those of the three other hospital wards:

medicine, pediatrics, and maternity.

Selection bias from the limited period of prospective

data collection was accounted for by reviewing retrospec-

tive data from all inpatients at Chókwè Rural Hospital from

January 2012 to May 2012. These data included the num-

ber of patients in each ward, total patient-days (number of

patients multiplied by their LOS), summary statistics of

diagnoses and operations performed, and deaths. Although

retrospective data offered a larger sample size and time

period that was not possible during the prospective data

collection, the prospective data allowed for a more detailed

analysis.

Surgical conditions were defined as a disease state

requiring the expertise of a surgically trained provider [11].

Table 1 Study sites

Parameter Chókwè

hospital

Nhamatanda

hospital

Ribaue

hospital

Catchment population 259,000 281,000 228,000

No. of beds 125 128 57

No. of doctors 2 3 4

No. of high-level nurses 9 3 1

No. of mid- and

basic-level nurses

64 110 89

Distance to referral

center (km)

125 110 150
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Thus, surgical patients were defined as those admitted to

the surgical ward and any patient admitted to the maternity

ward who underwent an operation. Not all patients

admitted to the surgical ward had an operation. For

example, some patients may have had nonoperative man-

agement of burns, wounds, lacerations, or fractures, but

these patients were still cared for by the surgical team.

Statistical analysis was performed using STATA 64-bit

Special Edition, version 11.2 (Stata Corp., College Station, TX,

USA). The National Bioethics Committee of Mozambique and

the Human Research Protection program at University of

California, San Diego approved this study.

Results

The number of patients in each ward was not equally dis-

tributed among the hospitals (Table 2). At Chókwè, the

surgical ward had the highest proportion of patients

(30.6 %), whereas pediatrics had the highest proportion of

patients at Nhamatanda (34.2 %) and maternity had the

highest proportion at Ribaue (50.6 %). Total patient-days

had similar distributions, except surgical patients had more

patient-days in Ribaue than maternity patients (147 vs.

86 days). Women made up a majority of patients in all

wards except pediatrics at Chókwè (22.2 %) and medicine

at Nhamatanda (34.6 %). The surgical ward had the most

patients per available beds, exceeding 100 % at Nhamat-

anda (128.6 %) and Ribaue (111.3 %). The average LOS

was longest for surgical patients at all hospitals (6–10 days,

p \ 0.001). Overall, the maternity wards had the highest

number of patients, but the surgical wards had the most

total patient-days (Fig. 2). Combined, surgical patients had

a longer average LOS (p \ 0.001) (Fig. 3).

Table 3 summarizes the surgical patients during the

prospective study period at all hospitals. Cesarean sections

made up the highest proportion of surgeries (49.3 %),

followed by inguinal herniorrhaphies (15.9 %). Among

patients who underwent a procedure, the median age was

highest in patients with inguinal herniorrhaphies (50 years)

and lowest in patients with cesarean sections (19.5 years).

Average LOS was longest both preoperatively and post-

operatively for patients with amputations (5.0 and

11.7 days, respectively). Patients who underwent a cesar-

ean section or other obstetric and gynecologic surgeries

had the shortest average preoperative LOS (0.5 and

0.4 days, respectively). Among patients who did not have

an operation, lacerations/wounds made up the largest pro-

portion of all surgical conditions (36.4 %). The average

LOS was highest among burn patients (14.6 days).

Fig. 2 Proportion of the total

number of patients and total

inpatient days by hospital ward.

Data shown represent combined

patients from all three hospitals

Fig. 3 Average length of stay by hospital ward (number of days,

mean ± SD). Data shown represent combined patients from all three

hospitals
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Table 4 summarizes diagnoses and mortality by inpatient

ward at the Chókwè Rural Hospital retrospectively from

January to May 2012. Cesarean section and nonoperative

surgical patients comprised the largest proportion of patients

in the surgical ward (39.7 and 31.1 %, respectively). Among

pediatric cases, malaria and malnutrition contributed to a

majority of disease (23.9 and 23.1 %, respectively), whereas

most deaths were a result of malnutrition (13.3 %). Among

medical cases, HIV/acquired immunodeficiency disease

(AIDS) made up the largest proportion of all diseases and

cerebrovascular accidents had the highest mortality rate

(39.4 and 43.8 %, respectively).

Table 5 summarizes retrospective data from Chókwè

Rural Hospital from January to May 2012. Most patients

were admitted to the maternity ward (53.6 %), which also

had the highest percentage of occupied beds (30.0 %). The

medical ward had the highest mortality rate (22.4 %), and

the maternity and surgical wards had the lowest mortality

rates (0.2 and 1.8 %, respectively).

Discussion

Surgical conditions represent a significant proportion of

admissions to three primary referral hospitals in rural

Mozambique. Although maternity patients made up the

largest proportion of patients overall (32.3 % compared to

25.2 % of surgical patients), surgical patients accounted for

the largest proportion of total patient-days (37.4 %) and

had the longest average LOS (8.7 days). Together, patients

with surgical conditions (i.e., patients admitted to the sur-

gical and maternity wards) accounted for 57.5 % of

admissions and 48.0 % of patient-days. Examining retro-

spective data over a five-month period at one hospital, the

number of surgical patients was about equal to the number

of medical and pediatric patients, whereas maternity

patients made up the majority of the patient population

(53.6 %). Mortality was lowest among the surgical and

maternity patients (1.8 and 0.2 %, respectively)—far below

the mortality rates for the medical and pediatric patients

(22.4 and 7.2 %, respectively).

This study suggests that the provision of surgical ser-

vices plays a key role, rather than a peripheral one, in

delivering health care at the district level. In settings where

medical management is unavailable or fails, resources for

adequate surgical management are of even greater impor-

tance. For example, in the absence of appropriate antibi-

otics, higher rates of serious infections may lead to more

amputations. In settings of already limited medical

resources, surgical care offers a vital last resort when

medical management fails.

Other studies suggest that surgical care at the district level

has not adequately met patients’ needs. At hospitals in

Tanzania, Uganda, and Mozambique, a majority of nonob-

stetric surgery was emergent rather than elective, suggesting

a lack of access to surgical care for common conditions such

as hernias [12, 13]. In a survey of 132 facilities in eight

countries, most facilities reported the capacity to perform

Table 3 Summary of surgery patients, prospective study period

Parameter No. of

patients

% Female Age

(years)a
Average LOS,

preoperatively

(days)

Average LOS,

postoperatively

(days)

Overall LOS,

average (days)

Procedure performed

Cesarean section 34 100 19.5 ± 2.0 0.5 8.1 8.5

Other obstetric/gynecologic surgery 5 100 30.0 ± 17.3 0.4 3.4 6.4

Amputation 3 0 24.0 ± 13.9 5.0 11.7 16.7

Inguinal herniorrhaphy 11 9.0 50.0 ± 5.7 1.1 7.5 8.5

Epigastric herniorrhaphy 3 100 26.0 ± 15.0 1.3 6.0 7.3

Hydrocele 5 0.0 26.0 ± 25.4 1.2 6.0 7.2

Other 8 37.5 28.5 ± 5.1 2.4 10.4 12.8

Total 69 66.7 24.0 ± 18.0 1.0 54.5 61.5

No procedure performed

Fracture 5 25.0 29.0 ± 16.6 N/A N/A 7.4

Burn 5 40.0 7.0 ± 5.6 14.6

Laceration/wound 12 58.3 34.5 ± 14.6 5.8

Other 11 45.5 32.0 ± 17.0 11.0

Total 33 45.5 29.0 ± 16.7 9.1

Data shown represent combined patients from all three hospitals
a Median ± SD
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minor procedures, such as incision and drainage of absces-

ses, wound suturing, and management of acute burns. The

capacity to perform more complex procedures, however,

such as appendectomies, hernia repairs, and laparotomies,

ranged from 6 to 92 % [10]. Only 44 % of facilities were able

to offer cesarean sections [14].

Increased attention to improve surgical capacity in

LMICs is also necessary as these countries have a dispro-

portionate lack of access to surgical care. Countries with

per-capita health expenditures of less than $100 account for

one-third (34.5 %) of the world’s population but only

undertake 3.5 % of the world’s surgical procedures [3].

Outcomes in these settings are also worse. Surgical mor-

tality is estimated to be 5–10 % in LMICs, compared to

\1 % in high-income countries [3]. Furthermore, in many

LMICs, surgical care is disproportionately available to

patients who can afford services and live in urban areas [5].

It is estimated that surgical conditions will contribute to

an even larger proportion of morbidity and mortality in the

future, further increasing demand for adequate surgical

care at the district hospital. Mathers and Loncar estimated

that road-traffic accidents will move from being the tenth

leading cause of death in 2002 to being the eighth leading

cause of death globally in 2030 [2]. Changing public health

priorities, such as promoting circumcisions in an effort to

reduce HIV transmission, may further increase demand for

minor procedures in LMICs [15].

Surgical care has been shown to be cost-effective when

delivered at the district hospital level. In such settings, the cost

per surgical DALY averted is estimated at US$19–102 com-

pared to immunizations (US$10/DALY averted), malaria

prevention and treatment (US$2–24/DALY averted), oral

rehydration therapy (US$1062/DALY averted), and antiret-

roviral therapy for HIV in sub-Saharan Africa (US$350–1494/

DALY averted) [1, 16, 17]. The cost-effectiveness of pro-

viding surgical care is yet another reason to increase its

availability at the district level.

This study has several limitations. The analysis assumes

that data collected over the relatively short time period

Table 4 Diagnoses and mortality by hospital ward at Chókwè Rural

Hospital, January to May 2012

Diagnosis No. of

patients

No. of

deaths

Mortality

rate (%)

Pediatrics

Diarrhea 21 (5.8 %) 2 9.5

Tuberculosis 13 (3.6 %) 1 7.7

Malaria 86 (23.9 %) 2 2.3

Anemia 36 (10.0 %) 5 13.9

Pneumonia 67 (18.6 %) 0 0.0

HIV/AIDS 6 (1.7 %) 3 50.0

Meningitis 5 (1.4 %) 1 0.0

Malnutrition 83 (23.1 %) 11 13.3

Other 43 (11.9 %) 1 2.3

Total 360 (100 %) 26 7.2

Medicine

Diarrhea 7 (1.7 %) 0 0.0

Tuberculosis 17 (4.1 %) 2 11.8

Malaria 16 (3.9 %) 0 0.0

Anemia 20 (4.9 %) 5 25.0

Pneumonia 18 (4.4 %) 5 27.8

HIV/AIDS 162 (39.4 %) 43 26.5

Meningitis 11 (2.7 %) 4 36.4

CVA (stroke) 16 (3.9 %) 7 43.8

Hypertension 44 (10.7 %) 14 31.8

Psychosis 21 (5.1 %) 0 0.0

Diabetes 9 (2.2 %) 1 11.1

Cardiac 4 (1.0 %) 0 0.0

Asthma 0 0 0.0

Other 66 (16.1 %) 11 0.0

Total 411 (100 %) 92 22.4

Surgery

Herniorrhaphy

Elective 21 (5.5 %) 0 0.0

Urgent 9 (2.3 %) 0 0.0

Laparotomy 33 (8.6 %) 1 3.0

Cesarean section 152 (39.7 %)

Hysterectomy 2 (0.5 %) 0 0.0

Other surgery 47 (12.2 %) 0 0.0

Nonoperative 119 (31.1 %) 6 5.0

Total 383 (100 %) 7 1.8

Maternity

Births (not including cesarean

sections )

1,045

Maternal deaths 2

Live births 1,100 –

Low birth weight 50 –

Stillbirths – 47

Other 136 0

Total 1,333 2 0.2

HIV human immunodeficiency virus, AIDS acquired immunodeficiency

disease syndrome, CVA cerebrovascular accident

Table 5 Total patients, days of occupied beds, and mortality by

hospital ward at Chókwè Rural Hospital, January to May 2012

Department No. of patients Inpatient days

of occupied

beds

No. of

deaths

Mortality

rate (%)

Pediatrics 360 (14.5 %) 1,866 (19.4 %) 26 7.2

Medicine 411 (16.5 %) 2,649 (27.5 %) 92 22.4

Surgery 383 (15.4 %) 2,224 (23.1 %) 7 1.8

Maternity 1,333 (53.6 %) 2,894 (30.0 %) 2 0.2

Total 2,487 (100 %) 9,633 (100 %) 127 5.1
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from these three hospitals is representative of diseases

treated throughout the year. Our analysis was performed

during winter, when burns are more prevalent and other

diseases such as malaria are less prevalent. Birthing pat-

terns also vary throughout the year.

These data should not be interpreted as a measure of the

burden of disease in the community, as they include only

patients admitted to the hospital [11]. The study also

underestimated the number of surgical procedures per-

formed, as it only counted major procedures performed in the

operating room. It did not include minor procedures per-

formed with local anesthesia, such as circumcisions or

abscess drainage, which can represent a large proportion of

all procedures performed. In addition, these results may not

be representative of other LMICs. For example, the HIV/

AIDS rate in Mozambique was estimated to be 11.5 % in

2009, which may contribute to different disease distribution

and health care services than are seen in other countries [18].

Conclusions

These data show that surgical patients accounted for the

majority of admissions and inpatient days at three primary

referral hospitals in rural Mozambique. Together, patients

with surgical conditions (i.e., patients admitted to the sur-

gical and maternity wards) accounted for 57.5 % of

admissions and 48.0 % of patient-days. Future research is

needed to quantify the ability of the health care system to

meet the total surgical needs of the community and to

identify interventions that could close this gap.
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