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Crystalloids	  and	  the	  appeal	  for	  
balanced	  soluAons.	  What’s	  the	  

evidence	  and	  does	  it	  really	  maFer?	  

“	  Whenever	  the	  pulse	  fails,	  more	  fluid	  
ought	  to	  be	  thrown	  in,	  without	  regard	  to	  
quanAty”	  
	  
“The	  most	  wonderful	  and	  saAsfactory	  effect	  
is	  the	  immediate	  consequence	  of	  the	  
injecAon.”	  
	  
“The	  quanAty	  necessary	  to	  be	  injected	  will	  
probably	  be	  found	  to	  depend	  upon	  the	  
quanAty	  of	  serum	  lost.”	  
	  
“The	  soluAon	  that	  was	  used	  consisted	  of	  
two	  drachms	  of	  muriate,	  and	  two	  scruples	  
of	  carbonate	  of	  soda	  to	  sixty	  ounces	  of	  
water.”	  
	  

Lewins:	  London	  Medical	  Gaze5e	  1832	  

Dr	  Robert	  Lewins	  
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Lancet	  1832	  

“A	  suitable	  clinical	  invesAgaAon	  
is	  required…	  the	  mass	  of	  the	  
profession	  is	  unable	  to	  decide;	  
and	  thus,	  instead	  of	  any	  uniform	  
mode	  of	  treatment,	  every	  town	  
and	  village	  has	  its	  different	  
system	  or	  systems,	  while	  the	  
daily	  lists	  of	  mortality	  proclaim	  
the	  general	  inefficiency	  of	  the	  
whole.”	  

Lancet	  editorial	  1832	  

Is	  fluid	  amount	  important	  ?	  
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Organ	  
funcAon	  
effects	  of	  
volume	  
overload	  

Outcome	  benefits	  of	  fluid	  restricAon	  	  
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Payen	  et	  al	  Crit	  Care	  2008	  

Mean	  fluid	  balance	  (L/24hr)	  	  
HR	  1.21,	  95%CI,	  1.13-‐1.28,	  p<0.001	  

Is	  fluid	  amount	  important	  ?	  

•  Excess	  fluid	  leads	  to	  adverse	  outcomes	  

•  When	  fluid	  given	  is	  blinded	  –	  the	  raAo	  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?	  
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9g	  NaCl	  =	  	  
36	  bags	  of	  chips,	  
or	  1	  bag	  of	  saline	  

Is	  crystalloid	  type	  important	  ?	  

Fluid	  Therapy	  Basics	  

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

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

Not	  all	  IV	  Fluids	  are	  created	  equal…	  

• Base	   excess	   aQer	   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	  
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The	  importance	  of	  chloride:	  
	  arteriolar	  vasoconstricAon	  

•  8	  fold	  difference	  in	  
arteriolar	  diameter	  within	  
physiological	  chloride	  
range	  

Hansen	  et	  al,	  Hypertension	  1998;	  32:1066–1070	  

Abnormal	  Saline	  

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

•  Unlike	  plasma	  
•  Adding	  NaCl	  to	  plasma	  increases	  the	  relaAve	  
Cl	  concentraAon	  more	  than	  that	  of	  Na	  

•  0.9%	  saline	  reduces	  plasma	  SID	  and	  leads	  to	  
hyperchloremic	  metabolic	  acidosis	  
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The	  Abuse	  of	  Normal	  Salt	  SoluAon	  
George	  H.	  Evans,	  JAMA	  1911	  

“One	  cannot	  fail	  to	  be	  impressed	  with	  the	  danger…(of)	  
the	  uFer	  recklessness	  with	  which	  salt	  soluAon	  is	  
frequently	  prescribed,	  parAcularly	  in	  the	  
postoperaAve	  period…”	  

“…the	  disastrous	  role	  played	  by	  the	  salt	  soluAon	  is	  onen	  

lost	  in	  light	  of	  the	  serious	  condiAons	  that	  call	  forth	  its	  
use.”	  

2L	  of	  Saline	  versus	  Balanced	  
Crystalloid	  in	  Healthy	  

Volunteers	  

Chowdhury	  et	  al	  (2012)	  Ann	  Surg	  
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•  RetrospecAve	  analysis	  of	  a	  
prospecAvely	  collected	  data	  
asset	  (Premier	  database)	  

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

0.9%	  saline	  or	  balanced	  
crystalloid	  alone	  on	  day	  of	  
surgery	  

Risk	  adjusted	  major	  complicaAons	  and	  
resource	  use	  -‐	  All	  paAents	  

Shaw	  et	  al	  (2012)	  Ann	  Surg	  



3/31/15	  

9	  

Risk	  adjusted	  outcomes	  
non-‐elecAve	  surgery	  

Outcome	   Balanced	   Saline	   P	  value	  

n	   296	   20,047	   -‐	  

All	  cause	  mortality	  (%)	   3.7	   7.2	   0.019	  

Major	  morbidity	  (%)	   36	   41	   0.01	  

Minor	  morbidity	  (%)	   35	   42	   0.01	  

Post	  op	  venAlaAon	  (%)	   13.2	   18.7	   0.02	  

Discharged	  home	  (%)	   86	   78	   7	  x	  10-‐6	  

30	  day	  readmit	  rate	  (%)	   30	   31	   NS	  

(NNT	  29)	  

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	  

Total Volume Received Dose Response 
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Yunos	  et	  al	  2012	  

Yunos	  et	  al	  (2012)	  JAMA	  

KDIGO	  2&3	  

Yunos	  et	  al	  (2012)	  JAMA	  

2008	  

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

high	  serum	  chloride	  
propensity	  matched	  to	  
paAents	  who	  did	  not	  

Chloride	  and	  mortality	  



3/31/15	  

13	  

0.0%	  

0.5%	  

1.0%	  

1.5%	  

2.0%	  

2.5%	  

3.0%	  

3.5%	  

4.0%	  

Enere	  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	  	  
	  

Shaw	  et	  al	  (2014)	  Int	  Care	  Med	  

•  109,836	  adult	  paAents	  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	  
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Administered	  chloride	  

Shaw	  et	  al	  (2014)	  Under	  review	  

Krajewski	  et	  al	  (2014)	  Brit	  J	  Sur	  
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AKI	  

Krajewski	  et	  al	  (2014)	  Brit	  J	  Sur	  

Blood	  transfusion	  volume	  

Krajewski	  et	  al	  (2014)	  Brit	  J	  Sur	  
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•  DBRCT	  of	  65	  trauma	  paAents	  
•  Plasma	  Lyte	  vs	  0.9%	  saline	  
•  Primary	  EP	  change	  in	  Base	  Excess	  first	  24	  hrs	  
•  Deferred	  consent	  to	  allow	  immediate	  inclusion	  

Base	  Excess	  
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pH	  

Serum	  chloride	  
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Serum	  Magnesium	  
0g replaced 

4g replaced 

Mg	  supplementaAon	  
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When	  should	  we	  give	  abnormal	  saline?	  

•  Rarely	  
•  TraumaAc	  brain	  injury	  
•  HCl	  loss	  (severe	  vomiAng)	  
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Conclusions	  

•  The	  circumstanAal	  evidence	  that	  high	  chloride	  

soluAons	  are	  harmful	  conAnues	  to	  mount	  

•  There	  are	  no	  data	  suggesAng	  0.9%	  saline	  is	  
beneficial	  

•  New	  mulAcenter	  cardiac	  surgical	  data	  suggest	  

balanced	  crystalloids	  are	  the	  fluids	  of	  choice	  for	  

both	  cardiac	  surgery	  and	  in	  SIRS	  paAents.	  

	  

Thank	  You	  


