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Trauma

Confusing	
  literature

n Bagshaw S.	
  A	
  multi	
  center	
  evaluation	
  of	
  early	
  AKI	
  in	
  
critically	
  ill	
  trauma	
  patents.	
  Renal	
  Failure	
  2008

n Yuan	
  F.	
  Natural	
  history	
  and	
  impact	
  of	
  AKI	
  in	
  patients	
  
who	
  have	
  had	
  an	
  RTA. Clinical	
  Nephrology	
  2009

n Livia K.	
  AKI	
  after	
  Trauma.	
  Indian	
  J	
  CCM	
  2010

n Gomes	
  E.	
  AKI	
  in	
  severe	
  trauma.	
  Scandinavian	
  J	
  
TREM	
  2010



• 9449	
  critically	
  ill	
  trauma	
  patients
• AKI	
  18.1%
• Mortality	
  16.7%	
  v	
  7.8%
– Older
– Female	
   OR	
  1.6
– Co-­‐morbidities	
   OR	
  2.7

• AKI	
  as	
  independent	
  risk	
  of	
  mortality
– Risk OR	
  1.68
– Injury	
   OR	
  1.88
– Failure	
   OR	
  2.29



• 3945	
  patients	
  who	
  had	
  been	
  in	
  an	
  RTA	
  in	
  
Guangzhou,	
  China

• AKI	
  in	
  423	
  (10.7%)
– RRT	
  in	
  59	
  (13.9%)

• Vasopressors	
  and	
  high	
  does	
  loop	
  
diuretics	
  were	
  risk	
  factors	
  for	
  AKI

• Mortality
– No	
  AKI 7.1%
– Risk 37.4%
– Injury 52.9%
– Failure 79.2%

• 77.5%	
  of	
  AKI	
  survivors	
  had	
  ‘normal’	
  renal	
  
function	
  on	
  d/c
– No	
  long	
  term	
  f/u



• 129	
  patients	
  – 80%	
  male	
  – mean	
  age:	
  32m	
  /	
  
22w

• 55	
  AKI
– More	
  Abdominal	
  trauma
– Less	
  brain	
  trauma
– 19	
  RRT
– Longer	
  ICU	
  and	
  hospital	
  stay
– 50	
  had	
  rhabdomyolysis

• Mortality	
  was	
  95.3%	
  for	
  all	
  trauma	
  patients!

Brazil

2010



• 436	
  patients	
  – 80%	
  male	
  – median	
  age	
  37
• AKI	
  :	
  no	
  AKI	
  was	
  a	
  50:50	
  split

– None	
  underwent	
  RRT
– Mortality	
  ~20%	
  in	
  all	
  groups

• AKI
– Longer	
  ICU	
  stay	
  (significantly	
  so	
  if	
  AKI	
  3)
– Longer	
  stay	
  in	
  hospital
– Lower	
  early	
  mortality	
  (<2days)

• Probably	
  due	
  to	
  increase	
  in	
  severe	
  head	
  injury	
  in	
  
no	
  AKI	
  group

Portugal
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Prof.	
  Eric	
  Bywaters
(1910-­‐2003)

Hammersmith	
  Hospital



• Patient	
  had	
  been	
  
buried	
  for	
  several	
  
hours

• On	
  admission	
  ….	
  he	
  
looks	
  good	
  apart	
  from	
  
swelling	
  of	
  the	
  limb

• His	
  blood	
  pressure	
  
falls

• Signs	
  of	
  renal	
  damage	
  
soon	
  appear

• The	
  urine	
  contains	
  
albumin	
  and	
  dark	
  
brown	
  granular	
  casts

Case Report



Brief	
  Pathophysiology	
  of	
  
Rhabdomyolysis

• Rhabdomyolysis	
  – ‘the	
  dissolution	
  of	
  striped	
  
(skeletal)	
  muscle’

– Release	
  of	
  muscle	
  cell	
  contents
• Myoglobin
• The	
  surrogate	
  marker	
  we	
  measure	
  most	
  commonly	
  
is	
  CPK



Myoglobin	
  and	
  AKI

• Myoglobin
– Iron	
  and	
  O2 binding	
  protein
– 17.8	
  kDa
– Freely	
  filtered	
  at	
  the	
  glomerulus
– Tubular	
  epithelial	
  cells	
  metabolise	
  it
– Appears	
  in	
  urine	
  when	
  concentration	
  is	
  >0.5-­‐1.5mg/dL
– Urine	
  becomes	
  red	
  when	
  concentration	
  is	
  >100mg/dL
– Myoglobinuria	
  only	
  occurs	
  in	
  the	
  context	
  of	
  
rhabdomyolysis



Myoglobin	
  and	
  AKI
• The	
  toxic	
  effects	
  of	
  myoglobin……
– Intra	
  renal	
  vasoconstriction

• Tx A2
• Endothelin 1
• TNFα

– Direct	
  and	
  ischaemic	
  tubular	
  injury
• Heme
• Free	
  radicals

» Fe3+

– Tubular	
  obstruction
• Tamm-­‐Horsfall protein
• Acidic	
  urine

n Hypovolaemia
n RAS



The	
  basics	
  of	
  rhabdomyolysis	
  

Bosch	
  et	
  al	
  NEJM	
  2009
• Its	
  common
• It	
  is	
  bad	
  for	
  you	
  as	
  a	
  consequence	
  of	
  severe	
  
illness

• There	
  are	
  many	
  many	
  causes	
  and	
  often	
  its	
  
multifactorial

• AKI	
  often	
  recovers	
  if	
  it’s	
  a	
  simple	
  course



Treatment	
  of	
  AKI	
  caused	
  by	
  
Rhabdomyolysis	
  

• Cause*
– Fasciotomy	
  (Trauma)

• Fluids
– Early
– Diuretics

• Alkalisation	
  of	
  the	
  urine
– Bicarbonate

• Extracorporeal	
  removal	
  of	
  myoglobin
– High	
  volume	
  HF
– Super	
  high	
  flux	
  HD
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  find	
  data……
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Fluid	
  Therapy
A	
  brief	
  summary	
  of	
  the	
  main	
  messages	
  from	
  both	
  papers
• Worse	
  the	
  injury	
  /	
  time	
  spent	
  under	
  rubble,	
  the	
  worse	
  

the	
  AKI	
  (p<0.05)
• The	
  earlier	
  fluids	
  are	
  given	
  (i.e.	
  on	
  scene)	
  the	
  better	
  

the	
  outcome	
  (p<0.001)	
  – (debatable,	
  but	
  within	
  24	
  
hours	
  is	
  a	
  must)

• The	
  more	
  fluids	
  per	
  day	
  given	
  the	
  better	
  the	
  outcome	
  
(p<0.005)
– 6L	
  in	
  severe	
  (CK>15,000)
– 3L	
  in	
  moderate	
  (CK	
  >5000)

• Alkalisation	
  of	
  the	
  urine
– Alkaline	
  Mannitol diuresis
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  within	
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• The	
  more	
  fluids	
  per	
  day	
  given	
  the	
  better	
  the	
  outcome	
  
(p<0.005)
– 6L	
  in	
  severe	
  (CK>15,000)
– 3L	
  in	
  moderate	
  (CK	
  >5000)

• Alkalisation	
  of	
  the	
  urine
– Alkaline	
  Mannitol diuresis	
  (resource	
  issue)

n Other	
  literature	
  suggests	
  
12	
  to	
  24L	
  of	
  fluid	
  in	
  a	
  day	
  
but	
  <3L	
  in	
  a	
  day	
  causes	
  
an	
  upsurge	
  in	
  the	
  cases	
  
of	
  AKI

Beware	
  early	
  high	
  volume	
   fluids	
   in	
  haemorrhagic	
   trauma



Extracorporeal	
  Myoglobin	
  Removal

• High	
  volume	
  HF1 with	
  a	
  large	
  Filter	
  (1.9m2)
– Pore	
  size	
  ~50kDa
– Blood	
  flows	
  >300mL/min	
  and	
  high	
  exchange	
  rate
– Efficiency

• 300ml/min	
  blood	
  and	
  60mL	
  /	
  70kg	
  patient	
  /	
  hr (4.2L	
  
exchange)
– i.e.	
  	
  ~70mL/min	
  exchange	
  ~23%	
  clearance	
  

• High	
  Flux	
  /	
  Super	
  High	
  Flux	
  Haemodialysis2
– Pore	
  size	
  30-­‐60kDa	
  (conventional	
  HD	
  <15kDa)
– Efficiency

• High	
  flux	
  dialysis	
  ~50%	
  clearance
1Ling	
  et	
  al	
  J	
  of	
  Injury	
  2010,	
  Naka	
  et	
  al	
  Critical	
  Care	
  2005

2Basnayake	
  et	
  al	
  NEJM	
  2009	
  (letter)



RLH	
  experience



RLH	
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• ~	
  25%	
  of	
  our	
  ICU	
  
admissions	
  have	
  trauma	
  
as	
  primary	
  diagnosis

• 71	
  patients	
  with	
  a	
  CPK	
  >	
  
5000	
  IU/L	
  (1st July	
  2012	
  –
1st	
  January	
  2013)
– ~20%	
  of	
  trauma	
  

admissions
• Male	
  54	
  (76%)
• Median	
  age	
  41	
  (16-­‐88)
• 23	
  died	
  (32%)
• 36	
  patients	
  had	
  CPK	
  >	
  
5000	
  IU/L	
  for	
  >3	
  days

Level	
  1	
  Trauma	
  Centre	
  

1500	
  ICU	
  admissions	
  a	
  year



RLH	
  experience

• Causes	
  of	
  elevated	
  CPK
– Polytrauma	
  (59%)
– Sepsis	
  (17%)
– Metabolic	
  (14%)
– Ischaemia	
  (10%)

• However;	
  in	
  patients	
  requiring	
  RRT,	
  
polytrauma	
  was	
  only	
  49%



RLH	
  experience
n Treatment

n No	
  set	
  unit	
  policy
n 24	
  high	
  in	
  /	
  out	
  fluid	
  strategy	
  alone	
  
– >2mL/kg/hour	
  urine
n 12	
  received	
  furosemide

n 11	
  high	
  in	
  /	
  out	
  fluid	
  strategy	
  and	
  
additional	
  bicarbonate
n 8	
  received	
  furosemide

n Not	
  all	
  achieved	
  high	
  out	
  /	
  high	
  in	
  
despite	
  therapy

n 19	
  high	
  volume	
  CVVHF
n 15	
  died

n 15	
  no	
  alteration	
  to	
  routine	
  ICU	
  
management
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Treatment	
  mode	
  and	
  AKI	
  status
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RLH	
  experience
• 39	
  (55%)	
  patients	
  developed	
  AKI
– 19	
  (27%)	
  required	
  RRT



RLH	
  experience

• RRT
– Strongly	
  associated	
  with	
  risk	
  of	
  death	
  (79%	
  v	
  15%,	
  
p<0.0001)

– Only	
  10	
  received	
  high	
  volume	
  /	
  dose	
  RRT	
  (>60mL/kg/hr)
• Commenced:	
  median	
  day	
  2	
  (1-­‐3)	
  of	
  ICU	
  stay

– 6	
  on	
  the	
  first	
  day
• 4	
  within	
  48	
  hours	
  of	
  CK>5000	
  
• 9	
  died

– In	
  the	
  9	
  who	
  received	
  conventional	
  dose
• Commenced:	
  median	
  day	
  5	
  (2-­‐13)

– 7	
  had	
  RRT	
  timing	
  unrelated	
  to	
  CK	
  level
• 6	
  died
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  research

2010

Acetaminophen	
  induced	
  
Rhabdomyolysis

Allergy (54)	
  1999;	
  1115

Moneret-­‐Vautrin et	
  al
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Conclusions
• AKI	
  is	
  common	
  following	
  major	
  surgery

– There	
  are	
  simple	
  measures	
  and	
  easily	
  available	
  
guidance	
  to	
  help	
  prevent	
  this	
  throughout	
  the	
  
peri-­‐operative	
  period

• AKI	
  is	
  common	
  following	
  major	
  trauma

– These	
  are	
  a	
  different	
  epidemiological	
  group	
  to	
  
routine	
  AKI	
  patients	
  

» though	
  the	
  risk	
  factors	
  remain	
  the	
  same

– AKI	
  has	
  an	
  impact	
  on	
  mortality



Conclusions

• Severe	
  AKI	
  following	
  rhabdomyolysis	
  is	
  rare

– Early	
  fluid	
  resuscitation
• high	
  out	
  /	
  high	
  in	
  and	
  keep	
  the	
  urine	
  pH>6

– Can	
  consider	
  renal	
  replacement	
  therapy	
  for	
  
myoglobin	
  removal
• The	
  need	
  for	
  RRT	
  is	
  associated	
  with	
  a	
  poor	
  
outcome

– Should	
  we	
  give	
  paracetamol	
  early?
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