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2015	
  Disclosures	
  

•  Consultant	
  for	
  Grifols	
  –	
  manufacturer	
  of	
  
colloid	
  (albumin)	
  products	
  

•  Consultant	
  for	
  Baxter	
  –	
  manufacturer	
  of	
  
crystalloid	
  and	
  colloid	
  products	
  

•  No	
  off	
  label	
  comments	
  

Is	
  fluid	
  amount	
  important	
  ?	
  
Organ	
  
func5on	
  
effects	
  of	
  
volume	
  
overload	
  

Is	
  fluid	
  amount	
  important	
  ?	
  

•  Excess	
  fluid	
  leads	
  to	
  adverse	
  outcomes	
  

•  When	
  fluid	
  given	
  is	
  blinded	
  –	
  the	
  ra5o	
  of	
  
crystalloid	
  :	
  colloid	
  is	
  generally	
  1.3	
  :	
  1	
  

•  NOT	
  3:1	
  as	
  is	
  widely	
  believed	
  

•  Why	
  are	
  fluids	
  not	
  afforded	
  the	
  same	
  respect	
  
as	
  other	
  intravenous	
  drugs?	
  

9g	
  NaCl	
  =	
  	
  
36	
  bags	
  of	
  chips,	
  
or	
  1	
  bag	
  of	
  saline	
  

Is	
  crystalloid	
  type	
  important	
  ?	
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Fluid	
  Therapy	
  Basics	
  

•  A	
  “balanced”	
  fluid	
  has	
  the	
  
physiological	
  electrolyte	
  
composi5on	
  of	
  plasma	
  

•  Balanced	
  fluids	
  do	
  not	
  cause	
  
the	
  hyperchloremic	
  acidosis	
  
associated	
  with	
  0.9%	
  saline	
  

Not	
  all	
  IV	
  Fluids	
  are	
  created	
  equal…	
  

• Base	
   excess	
   aEer	
   infusion	
   is	
  
determined	
   by	
   the	
   strong	
   ion	
  
difference	
  (SID)	
  of	
  the	
  fluid	
  infused.	
  

• The	
  red	
  circle	
  represents	
  0.9%	
  NaCl,	
  
the	
   blue	
   circle	
   represents	
   balanced	
  
crystalloid	
  

Abnormal	
  Saline	
  

•  0.9%	
  saline	
  contains	
  Na	
  and	
  Cl	
  in	
  equal	
  
amounts	
  (154	
  meq/l)	
  

•  Unlike	
  plasma	
  
•  Adding	
  NaCl	
  to	
  plasma	
  increases	
  the	
  rela5ve	
  
Cl	
  concentra5on	
  more	
  than	
  that	
  of	
  Na	
  

•  0.9%	
  saline	
  reduces	
  plasma	
  SID	
  and	
  leads	
  to	
  
hyperchloremic	
  metabolic	
  acidosis	
  

2L	
  of	
  Saline	
  versus	
  Balanced	
  
Crystalloid	
  in	
  Healthy	
  

Volunteers	
  

Chowdhury	
  et	
  al	
  (2012)	
  Ann	
  Surg	
  

•  Retrospec5ve	
  analysis	
  of	
  a	
  
prospec5vely	
  collected	
  data	
  
asset	
  (Premier	
  database)	
  

•  Major	
  (non	
  cardiac)	
  surgery	
  
•  >30,000	
  pa5ents	
  who	
  received	
  	
  

0.9%	
  saline	
  or	
  balanced	
  
crystalloid	
  alone	
  on	
  day	
  of	
  
surgery	
  

Risk	
  adjusted	
  major	
  complica5ons	
  and	
  
resource	
  use	
  -­‐	
  All	
  pa5ents	
  

Shaw	
  et	
  al	
  (2012)	
  Ann	
  Surg	
  

Raghunathan	
  et	
  al	
  (2014)	
  Crit	
  Care	
  Med	
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Mortality	
  Dose	
  Response	
  

Raghunathan	
  et	
  al	
  (2014)	
  Crit	
  Care	
  Med	
  

Yunos	
  et	
  al	
  2012	
  

Yunos	
  et	
  al	
  (2012)	
  JAMA	
  

KDIGO	
  2&3	
  

Yunos	
  et	
  al	
  (2012)	
  JAMA	
  

2008	
  

2009	
  
•  Observa5onal	
  cohort	
  study	
  	
  
•  Major	
  (non	
  cardiac)	
  surgery	
  
•  23000	
  pa5ents	
  
•  4266	
  of	
  4955	
  who	
  developed	
  

high	
  serum	
  chloride	
  
propensity	
  matched	
  to	
  
pa5ents	
  who	
  did	
  not	
  

Chloride	
  and	
  mortality	
  

0.0%	
  

0.5%	
  

1.0%	
  

1.5%	
  

2.0%	
  

2.5%	
  

3.0%	
  

3.5%	
  

4.0%	
  

En[re	
  Cohort	
   Matched	
  Cohort	
  

Acute	
  Post-­‐Op	
  
Hyperchloremia	
  

Normal	
  chloride	
  

*	
  P<0.05	
  

* 
* 

30-­‐Day	
  Mortality	
  

n=4995	
   n=17860	
   n=4266	
   n=4266	
  

Anesth	
  Analg	
  2013;117:412–21	
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Shaw	
  et	
  al	
  (2014)	
  Int	
  Care	
  Med	
  

•  109,836	
  adult	
  pa5ents	
  with	
  SIRS	
  from	
  Cerner	
  
health	
  facts	
  database	
  

•  Baseline	
  risk	
  adjustment	
  as	
  well	
  as	
  APS	
  included	
  
in	
  outcomes	
  model	
  

•  Effect	
  of	
  volume	
  adjusted	
  chloride	
  load	
  on	
  
mortality	
  

Administered	
  chloride	
  

Shaw	
  et	
  al	
  (2014)	
  Under	
  review	
  

Krajewski	
  et	
  al	
  (2014)	
  Brit	
  J	
  Sur	
  

AKI	
  

Krajewski	
  et	
  al	
  (2014)	
  Brit	
  J	
  Sur	
  

Blood	
  transfusion	
  volume	
  

Krajewski	
  et	
  al	
  (2014)	
  Brit	
  J	
  Sur	
  

New	
  cardiac	
  surgery	
  data	
  (1)	
  
Choice	
  of	
  Intravenous	
  Crystalloid	
  Therapy	
  and	
  Major	
  In-­‐hospital	
  Outcomes	
  among	
  
	
  Adult	
  Pa5ents	
  Undergoing	
  Cardiac	
  Surgery	
  
	
  

•  Cerner	
  Healthfacts	
  Database	
  
•  5641	
  on-­‐pump	
  pa5ents	
  receiving	
  0.9%	
  saline	
  
PS	
  matched	
  with	
  5641	
  receiving	
  balanced	
  
fluids	
  during	
  first	
  72	
  hours	
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New	
  cardiac	
  surgery	
  data	
  (1)	
  
Choice	
  of	
  Intravenous	
  Crystalloid	
  Therapy	
  and	
  Major	
  In-­‐hospital	
  Outcomes	
  among	
  
	
  Adult	
  Pa5ents	
  Undergoing	
  Cardiac	
  Surgery	
  
	
  

New	
  cardiac	
  surgery	
  data	
  (2)	
  

•  299	
  pa5ents	
  receiving	
  Plasmalyte	
  or	
  
Normosol	
  matched	
  with	
  299	
  who	
  received	
  LR	
  

•  OR	
  for	
  90	
  day	
  death	
  0.96	
  (0.94-­‐0.97)	
  

When	
  should	
  we	
  give	
  abnormal	
  saline?	
  

•  Rarely	
  
•  Trauma5c	
  brain	
  injury	
  
•  HCl	
  loss	
  (severe	
  vomi5ng)	
  
•  i.e.	
  Almost	
  never	
  in	
  cardiac	
  surgical	
  prac5ce	
  

Is	
  colloid	
  dangerous?	
  

Hydroxyethyl	
  starch	
  

•  Most	
  commonly	
  prescribed	
  colloid	
  globally.	
  
•  Evidence	
  for	
  toxicity	
  is	
  emerging	
  but	
  is	
  not	
  

universally	
  accepted	
  
•  Evidence	
  for	
  adverse	
  effects	
  related	
  to	
  accumula5on	
  

in	
  RES	
  

VISEP	
  study	
  

•  RCT,	
  537	
  pa5ents	
  
•  Severe	
  sepsis	
  or	
  sep5c	
  shock	
  
•  2	
  x	
  2	
  factorial	
  design	
  
•  10%	
  pentastarch	
  (200/0.5)	
  or	
  LR	
  

–  	
  hyperchloremic,	
  hyperonco[c	
  
–  	
  median	
  cumula[ve	
  HES	
  dose	
  70	
  ml/Kg	
  

Brunkhorst et al. NEJM 2008; 358: 125-39 
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Brunkhorst et al. NEJM 2008; 358: 125-39 Perner et al (2012) NEJM 

Perner et al (2012) NEJM 

6S	
  Survival	
   CHEST	
  

Myburgh et al (2012) NEJM 

CHEST	
  survival	
   Recent	
  Regulatory	
  Ac5vity	
  Regarding	
  
HES	
  

EU  
EMA’s	
  PRAC	
  
recommend	
  that	
  
marke[ng	
  
authoriza[ons	
  for	
  HES	
  
products	
  be	
  suspended	
  

UK	
  
MHRA	
  suspends	
  use	
  of	
  
HES	
  infusions,	
  
recommends	
  
crystalloids	
  for	
  fluid	
  
resuscita[on;	
  supports	
  
with	
  posi[on	
  statement	
  
by	
  Faculty	
  of	
  Intensive	
  
Care	
  Medicine,	
  
Intensive	
  Care	
  Society,	
  
and	
  Royal	
  College	
  of	
  
Anesthe[sts 

USA	
  
FDA	
  issues	
  Safety	
  
Lemer	
  recommending	
  
boxed	
  warning	
  for	
  HES	
  
solu[ons	
  on	
  increased	
  
mortality,	
  severe	
  renal	
  
injury,	
  and	
  risk	
  of	
  
bleeding	
  	
  

Germany	
  
BfArM	
  recommends	
  to	
  
stop	
  using	
  HES	
  
products	
  
	
  

Italy	
  
HES	
  products	
  
suspended	
  and	
  
recalled	
  
	
  

Ireland	
  
Irish	
  Board	
  of	
  Medicine	
  
recommends	
  stop	
  use	
  
and	
  distribu[on	
  of	
  HES	
  
	
  

Poland	
  
Polish	
  competent	
  
Authori[es	
  decide	
  to	
  
stop	
  use	
  and	
  
distribu[on	
  of	
  HES	
  
immediately	
  
	
  

Switzerland,	
  France,	
  
Spain,	
  Czech	
  Republic	
  
Recommend	
  not	
  to	
  use	
  
HES	
  in	
  specific	
  
indica[ons	
  
	
  

Canada	
  
Health	
  Canada	
  issues	
  advisory	
  with	
  
contraindica[ons	
  and	
  warnings	
  for	
  the	
  
use	
  of	
  HES	
  in	
  pa[ents	
  with	
  sepsis,	
  renal	
  
impairment	
  or	
  severe	
  liver	
  disease.	
  	
  

Australia	
  
Australian	
  TGA	
  ini[ated	
  risk/
benefit	
  review,	
  added	
  
contraindica[ons	
  for	
  sepsis	
  and	
  
liver	
  disease,	
  strengthened	
  
warning	
  on	
  risk	
  of	
  severe	
  renal	
  
impairment	
  and	
  bleeding	
  
disorders	
  

China	
  
China	
  FDA	
  issues	
  safety	
  
lemer	
  highligh[ng	
  
recommenda[ons	
  
from	
  EMA.	
  	
  
	
  

Singapore	
  
Recommend	
  not	
  to	
  
use	
  HES	
  in	
  sep[c,	
  
cri[cally	
  ill	
  and	
  
pa[ents	
  with	
  renal	
  
and/or	
  hepa[c	
  
impairement	
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Colloid	
  Alterna5ves	
  to	
  HES	
  

•  Synthe5c	
  Colloid:	
  Gela5n	
  
–  Not	
  associated	
  with	
  improved	
  clinical	
  outcomes	
  

–  Risk	
  of	
  AKI	
  and	
  anaphylac5c	
  reac5ons	
  

•  Natural	
  Colloid:	
  Albumin	
  
–  SAFE	
  trial	
  showed	
  no	
  increased	
  risk	
  of	
  mortality	
  in	
  
cri5cally	
  ill	
  pa5ents	
  with	
  use	
  of	
  albumin	
  

•  Dextrans	
  
–  Not	
  any	
  more	
  

Finfer	
  2004	
  

SAFE	
  in	
  a	
  nutshell	
  

•  Albumin	
  equivalent	
  to	
  saline	
  in	
  
heterogeneous	
  popula5ons	
  of	
  ICU	
  pa5ents	
  

•  Unclear	
  if	
  saline	
  is	
  the	
  ideal	
  comparator	
  
though	
  

•  Albumin	
  bad	
  in	
  head	
  injury	
  
•  Albumin	
  maybe	
  good	
  in	
  sepsis	
  

Albios	
  trial	
  

•  N=1818	
  
•  Albumin	
  vs	
  crystalloid	
  in	
  sepsis/sep5c	
  shock	
  
•  Target	
  was	
  >	
  30g/L	
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SAFE,	
  6S,	
  CHEST,	
  CRISTAL,	
  ALBIOS	
  

•  None	
  of	
  these	
  suggest	
  a	
  benefit	
  for	
  colloid	
  
over	
  crystalloid	
  

•  Most	
  people	
  now	
  believe	
  there	
  is	
  a	
  hazard	
  
associated	
  with	
  colloid	
  use	
  in	
  the	
  ICU	
  

•  Which	
  leaves	
  crystalloid	
  –	
  so	
  if	
  there	
  are	
  
differences	
  between	
  them	
  then	
  we	
  need	
  to	
  
understand	
  what	
  that	
  means.	
  

Albumin	
  in	
  heart	
  surgery	
  

Kingeter	
  et	
  al	
  (2015)	
  SCA	
  presenta[on	
  

Kingeter	
  et	
  al	
  (2014)	
  

•  1526	
  adult	
  on-­‐pump	
  CABG	
  +/or	
  valve	
  surgery	
  
pa5ents	
  

•  Propensity	
  matched	
  1:1	
  for	
  receipt	
  of	
  albumin	
  
or	
  crystalloid	
  only	
  (n=763	
  each	
  group)	
  

•  Primary	
  endpoint	
  in-­‐hospital	
  mortality	
  
•  Secondary	
  endpoints	
  organ	
  dysfunc5on	
  	
  

Kingeter	
  et	
  al	
  (2014)	
  AHA	
  

Mortality,	
  Readmissions,	
  Re-­‐Opera5ons	
  A	
  

Significant	
  in	
  favor	
  of	
  
albumin,	
  5%	
  
Significant	
  in	
  favor	
  of	
  
crystalloids	
  

Sta5s5cally	
  significant	
  odds	
  favoring	
  	
  Albumin	
  5%	
  
•  Index	
  mortality,	
  driven	
  by	
  valve	
  procedures	
  
•  30-­‐,	
  60-­‐,	
  90-­‐day	
  readmission	
  rates	
  

Source:	
  Cerner	
  Health	
  Facts	
  01Jan2001	
  –	
  31Mar2013;	
  BSP	
  analysis	
  –	
  w	
  revisions	
  140728	
  

Mortality	
  

•  OR	
  for	
  death	
  in	
  hospital:	
  0.48	
  (0.27	
  -­‐	
  0.87)	
  
•  OR	
  for	
  death	
  at	
  90	
  days:	
  0.58	
  (0.34	
  -­‐	
  0.98)	
  

•  52%	
  rela5ve	
  risk	
  reduc5on	
  	
  
•  2%	
  absolute	
  risk	
  reduc5on	
  

–  (4.46%	
  crystalloid	
  to	
  2.36%	
  albumin)	
  
•  NNT	
  of	
  50	
  

28	
  lives	
  per	
  year	
  at	
  Vanderbilt	
  

Kingeter	
  et	
  al	
  (2014)	
  AHA	
  

Acute	
  Kidney	
  Injury	
  

•  KDIGO	
  criteria	
  used	
  to	
  define	
  AKI	
  
– Any	
  AKI	
  (1,	
  2	
  or	
  3):-­‐	
  OR	
  0.78	
  (0.60	
  –	
  0.99)	
  
– Mod	
  /	
  Sev	
  AKI	
  (2	
  or	
  3):	
  -­‐	
  OR	
  0.54	
  (0.31	
  –	
  0.93)	
  
– Sev	
  AKI	
  (stage	
  3):-­‐	
  OR	
  0.38	
  (0.18	
  -­‐0.76)	
  

•  RRT	
  used:-­‐	
  OR	
  0.29	
  (0.10	
  –	
  0.86)	
  
•  Associa5on	
  (protec5on?)	
  signal	
  gets	
  stronger	
  
with	
  specificity	
  of	
  diagnosis	
  

Kingeter	
  et	
  al	
  (2014)	
  AHA	
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Fluids	
  in	
  30	
  seconds	
  
•  Hydroxyethyl	
  starch	
  

–  Probably	
  hazardous	
  
– Most	
  have	
  stopped	
  using	
  (China	
  hasn’t…)	
  

•  Albumin	
  
–  Safe	
  but	
  expensive	
  
– Not	
  good	
  for	
  TBI	
  
– New	
  data	
  suggest	
  possible	
  benefit	
  in	
  heart	
  surgery	
  

•  Crystalloid	
  
–  0.9%	
  saline	
  bad	
  
–  Balanced	
  solu5ons	
  (including	
  LR)	
  good	
  

Conclusions	
  

•  The	
  circumstan5al	
  evidence	
  that	
  high	
  chloride	
  

solu5ons	
  are	
  harmful	
  con5nues	
  to	
  mount	
  

•  There	
  are	
  no	
  data	
  sugges5ng	
  0.9%	
  saline	
  is	
  
beneficial	
  

•  New	
  mul5center	
  cardiac	
  surgical	
  data	
  suggest	
  

balanced	
  crystalloids	
  (and	
  possibly	
  albumin)	
  are	
  

the	
  fluids	
  of	
  choice	
  for	
  cardiac	
  surgical	
  pa5ents.	
  

	
  

Thank	
  You	
  


