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Goals…....

Understand
AHDM 
concepts

Explore
Evidence for 
crystalloids & 
colloids

Understand
Physiochemical 

properties of 

fluids

Strategies?
Use in your 
daily clinical 
practice



“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”

-Editorial comment, Lancet 1832
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NEAR ZERO 
FLUID 

BALANCE

OPTIMIZE
SV & CO

JUDICIOUS 
VASOPRESSORS

DEFEND 
PRESSURE















Monday morning …......

56 year male

Massive abdominal mass

Elective surgery

Cardiorespiratory tests: normal







Understanding 
AHDM?





Diagnostic and Haemodynamic 
Monitoring tools

NOT 
Therapeutic Interventions



“No DEVICE can improve patient-
centered outcomes 

UNLESS
it is coupled to a treatment that 

improves outcome ”

Modified from M. Pinsky, J.L. Vincent

Treatments save lives
NOT

Monitors



How do we use the

information from the device?



64 years F: Acute Abdomen
• Type 2 DM, PVD
• BMI: 43









Using a treatment protocol with 
haemodynamic monitoring (consistently) 

leads to improved clinical outcomes

BUT WHAT PROTOCOL? 

Proven outcomes ….



Give fluid, observe response, 

continue to give fluid and 

other therapies until target 

achieved

SV 
Optimization
(Fluid First)

Haemodynamic 
Stability

(Observe First)
Measure deterioration of 

clinical condition, titrate 

therapy using a variety of 

parameters 

Variations:

• Different “trigger” parameters: SVV, 

CO/CI, DO2, SvO2 / ScvO2, CVP (declining)

• Different philosophies on degree of 

treatment

Two Goal Directed Protocol 
Philosophies



Typical SV -optimization Protocol…...
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“Lets give some fluid and see what 
happens”

“Lets give some fluid and see what 
happens”
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•Risk: large volumes of fluids

• Without understanding whether fluid is indicated

• Or whether the fluid is actually beneficial!

Problem ….
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Cumulative Fluid Balance







�5,445 critically ill patients: 17 studies. Cumulative fluid 
balance by Day 7

�Non-survivors (n= 2,609): positive: 6,982.6 mL (±5, 629)
�Survivors:  (n=2,449): positive: 2,449.1 mL (±2,965 )

Cumulative fluid balance = 4,533.5 mL (±3,626) 
more positive in non -survivors



�Assess circulatory performance

�Determine if CO is consistent with 

keeping tissue O2 demand 

Purpose of AHDM



To determine what components 
of the haemodynamic profile 

need to be adjusted 
to re-establish consumption-demand 

balance

Pinsky & Payen. Functional haemodynamic monitoring, 2004; 1-4

Pinsky & Payen, Crit Care 2005; 9: 566

Purpose of ahdm



“ Goal Directed Therapy " setting a 
haemodynamic goal and fitting the patient to 
the goal

Who is having a specific 
operation

“ Haemodynamic Optimisation " i.e. looking at 
the patient and fitting the goal to the patient

To optimise outcomes
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Restoration of MAP may not restore 

microcirculation

i.e. Pressure is NOT flow

Haemodynamic truth



Pressure           not flow



Is the patient haemodynamically stable?

Do Nothing Yes No

Is the patient preload-responsive?

Yes No
Yes

No

Volume bolus
Add Vasopressor

Volume bolus Vasopressor Inotrope

Yes No

Is the patient hypotensive and is SVR low?

RE-ASSESS THE PATIENT

HAEMODYNAMIC STABILITY PROTOCOL



HOW TO MEASURE FLOW



Increased cardiac function

Normal cardiac function

Decreased cardiac function

Preload

Frank-Starling Curve

�Stroke Volume

�Cardiac Index

�ScVO2%

�SvO2%

�Lactate

�Base deficit

�TOE
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IS THE

PUMP WORKING?
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Increased cardiac function

Normal cardiac function

Decreased cardiac function

Preload

Frank-Starling Curve

IS THE TANK 

FULL?

�SVV

�SPV

�PPV

�TOE
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Increased cardiac 

function

Normal cardiac 

function

Decreased cardiac 

function

Preload

Frank-Starling Curve

An indication of volume 
responsiveness 

AND
A method of verifying
that fluid  is beneficial 
to the patient’s status

BOTH DIMENSIONS

ARE NECESSARY

TO OPTIMIZE FLUID

STATUS 











Preload

Stroke
Volume

TARGET ZONE

HYPOHYPO HYPERHYPER

Frank-Starling relationship between preload and 
stroke volume

Wet, Dry or Something Else? BJA 97 (6): 755-7 (2006) 



Which
Crystalloid?

Crystalloids & 
Why?



� Effective
� Inexpensive
� Long shelf life
� Readily available
� No allergic reactions
� Resuscitation and maintenance
� No religious objections

CRYSTALLOIDS?



Recommendation 1: Recommendation 1: 

“ AVOID 0.9% saline” 
“hyperchloraemic 

acidosis”

“Replace with 
balanced salt solutions”

BALANCED SOLUTIONS?



Plasma Plasma-Lyte Hartmann’s Sterofundin Saline 
(0.9%)

Na2+ 136 – 145 140 129 145 154
K+ 3.5 – 5.0 5.0 5.0 4

Mg2+ 0.8 – 1.0 1.5 1
Ca2+ 2.2 – 2.6 2.5 2.5
Chl - 98 – 106 98 109 127 154

Acetate 27
Gluconate 23

Malate 5
Lactate 29

osmolarity 
(mOsmol/l) 290 – 310 295 274 309 308

SALINE: UN -PHYSIOLOGICAL?
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SALINE VS. BALANCED
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BALANCED VS. PHYSIOLOGICAL

Plasma Plasma-Lyte Hartmann’s Stereofundin Saline 
(0.9%)

Na2+ 136 – 145 140 129 145 154
K+ 3.5 – 5.0 5.0 5.0 4

Mg2+ 0.8 – 1.0 1.5 1
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BALANCED VS. PHYSIOLOGICAL

Plasma Plasma-Lyte Hartmann’s Sterofundin Saline 
(0.9%)

Na2+ 136 – 145 140 129 145 154
K+ 3.5 – 5.0 5.0 5.0 4

Mg2+ 0.8 – 1.0 1.5 1
Ca2+ 2.2 – 2.6 2.5 2.5
Chl - 98 – 106 98 109 127 154

Acetate 27
Gluconate 23

Malate 5
Lactate 29

eSID 42 49 27 25.5 0
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• Hard to see how their continued use in 
clinical practice can be justified

• No evidence colloids better

• HES might increase mortality

• Expensive



20% Albumin+ 
Crystalloid 

carrier

Na+: 122-130

Chl-: 78

SID: 44

BALANCED COLLOID



Voluven VoluLyte Albumex 
4%

Gelofusine

[Na+] 154 137 140 154

[Cl -] 154 110 128 120

SID 0 31 12 34

Balanced 
Colloid

122-130

78
44

BALANCED COLLOID



HCO3 NOT a 
mechanism SID

CO2

SBE: marker 
of disturbance
Quantifies the SEVERITY of the 
acid base derangement

pH Weak 
acids

Sirker et al.  Anaesthesia, 2002
Stewart, Can J Physiol 
Pharmacol,1983



SID = CATIONS - ANIONS
Na+

K+

Mg2+

Ca2+

Chl -

Lactate
Anion

METABOLIC 
ACIDOSIS



SID = CATIONS - ANIONS
Na+

K+

Mg2+

Ca2+

Chl -

Lactate
Anion

METABOLIC 
ALKALOSIS



CRYSTALLOIDS

SID ONLY
No ATOT

DILUTES 
Plasma A TOT

FORCES ECF 
SID TOWARD 
THE SID OF THE 
CRYSTALLOID



SALINE 

154 mmol Na+
154 mmol Cl-

SID = 0

DILUTES 
Plasma A TOT

FORCES ECF 
SID TOWARD 
THE SID OF THE 
CRYSTALLOID

Metabolic 
Acidosis

SALINE 0.9%  



HARTMANN’S
SID = 27

STEROFUNDUN
SID = 25.5

DILUTES 
Plasma A TOT

FORCES ECF 
SID TOWARD 
THE SID OF THE 
CRYSTALLOID

HARTMANN’S & STEROFUNDIN

Balanced



PLASMA-LYTE
SID = 49

DILUTES 
Plasma A TOT

FORCES ECF 
SID TOWARD 
THE SID OF THE 
CRYSTALLOID

PLASMA -LYTE

Physiological



Sodium Bicarb (8.4%)
(100mL)

100mmol Na +

100mmol/L HCO 3

SID = 100mEq/L

DILUTES 
Plasma A TOT

FORCES ECF 
SID TOWARD 
THE SID OF THE 
CRYSTALLOID

NA HCO3 (8.4%)

Alkalanising



Omron EM et al. J Intensive Care Med 2010 25: 271

MODEL OF CRYSTALLOID INFUSION



BALANCED VS. PHYSIOLOGICAL

Plasma Plasma-Lyte Hartmann’s Sterofundin Saline 
(0.9%)

Na2+ 136 – 145 140 129 145 154
K+ 3.5 – 5.0 5.0 5.0 4

Mg2+ 0.8 – 1.0 1.5 1
Ca2+ 2.2 – 2.6 2.5 2.5
Chl - 98 – 106 98 109 127 154

Acetate 27
Gluconate 23

Malate 5
Lactate 29

osmolarity 
(mOsmol/l) 290 – 310 295 274 309 308



IS CHLORIDE EVIL???



Hansen et al Hypertension 1998;32;1066-1070

ANIMAL STUDIES 
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HEALTHY VOLUNTEER STUDIES 
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Anesth 

Analg 

2013;117 

RETROSPECTIVE STUDIES
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SYSTEMATIC REVIEWS EVIDENCE
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Clear 
signals of 
AKI harm

SYSTEMATIC REVIEWS EVIDENCE
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PROSPECTIVE STUDIES
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Quantitative toxicity…. not qualitative!

FACTORS ASSOCIATED WITH AKI
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AKI: 6.0 days vs. 4.9 days

PRIMARY OUTCOME



From: Effect of a Buffered Crystalloid Solution vs Saline  on Acute Kidney Injury Among Patients in the 
Intensive Care Unit: The SPLIT Randomized Clinical Tr ial
JAMA. 2015;314(16):1701-1710. doi:10.1001/jama.2015.12334

Cumulative Incidence of Patients Requiring Renal Replacement Therapy Until Day 90 After Enrollment in the SPLIT TrialCensoring
applied at hospital discharge or death. The x-axis is truncated at 40 days because the number of participants still in follow-up
beyond 40 days is small.



BALANCED VS. PHYSIOLOGICAL

Plasma Plasma-Lyte Hartmann’s Stereofundin Saline 
(0.9%)

Na2+ 136 – 145 140 129 145 154
K+ 3.5 – 5.0 5.0 5.0 4

Mg2+ 0.8 – 1.0 1.5 1
Ca2+ 2.2 – 2.6 2.5 2.5
Chl - 98 – 106 98 109 127 154

Acetate 27
Gluconate 23

Malate 5
Lactate 29

osmolarity 
(mOsmol/l) 290 – 310 295 274 309 308



�Hyperchloraemic acidosis preventable if:

�Substitution Chloride for HCO 3

�Following anions used as metabolizable bases

- Lactate -> 24 mmol/L bicarbonate
- Gluconate -> 24 mmol/L bicarbonate
- Acetate -> 24 mmol/L bicarbonate
- Malate -> 48 mmol/L bicarbonate
- Citrate -> 72 mmol/L bicarbonate

METABOLIZABLE ANIONS



Following anions used as metabolizable bases:

- Lactate -> 24 mmol/L bicarbonate

- Gluconate -> 24 mmol/L bicarbonate

- Acetate -> 24 mmol/L bicarbonate

- Malate -> 48 mmol/L bicarbonate

- Citrate -> 72 mmol/L bicarbonate --> Iatrogenic 
infusion induced 

alkalosis

METABOLIZABLE ANIONS



Exogenous 
acids

• Lactate Lactate

TCA 
Cycle

LDH

Pyruvate

CO2

Glycogen

Glucose

Glucose

Acetyl CoA
PDH

Lactate in hartmann’s

Lactate: metabolised by 
liver (100mmol/hr = 4 L/hr)



�Useful : ECF & intravasc vol replacement

�Acidaemia = inadequate hepatic metabolism 

-> production of HCO3: is impaired

-> lactate cannot act as a HCO3 source

� Serum lactate increases
� Serial index of severity of the acidosis compromise d 

HARTMANN’S: USES



R. Zander: Fluid Management, 2nd Ed. 

LACTATE CLEARANCE IN SHOCK



LACTATE & MORTALITY

R. Zander: Fluid Management, 2nd Ed. 



R. Zander: Fluid Management, 2nd Ed. 

HYPO-OSMOLALITY & ICP



�Lactate: as a marker of resuscitation
�Liver disease/transplantation
�Diabetics
�Hypotonic: cerebral oedema
�Calcium: in US, AUS/NZ:  blood clotting 

Hartmann’s… 



�Isotonic

�Favourable acid-base physio-chemistry

�No Lactate

�No Calcium

SEARCH FOR THE PERFECT SOLUTION

PLASMA
PHYSIO-
LOGICAL



•No hyperglycaemia

•Converted: HCO3 in liver and extra-hepatic tissue

•More rapidly: converted than lactate

•More alkalinizing: than lactate

•Metabolism: not age related

•Metabolism: preserved in shock

ACETATE



TCA 
Cycle

CO2

Acetyl CoA
Na+ + Acetate

Carbonic acid

H2CO3

HCO3 + H+

Acetic acid

Na+ Bicarbonate

Na+

Acetate

ACETATE METABOLISM



�CVS effects observed: high dose & high rates
�85 mmol acetate over 20 min
�160 mmol acetate  over 60 min

�Observed: plasma acetate concentration of 6 mmol/L:

ACETATE HARM



“Supra-physiological” levels
? Clinical significance









KEY FINDINGS: HARTMANN’S GROUP

�Base deficit: no sign differences

�Hyperchloraemia: 1.7 mmol (p=0.03)

�Hypomagnesia:  0.14 mmol (p=0.001)

�Worse PT: 2.4 seconds (p=0.001)

�Anaemia: 1.2 grams d/L (p=0.03)

�Complications: more frequent (56% vs. 20%), relative risk 2.8; 
95% CI: 1.3 to 6.1; P=0.007).



Pre-existing metabolic acidosis &
Complex liver/cardiac: 

Plasma-Lyte

Normal acid base status:  Hartmann’s

Pre-existing metabolic alkalosis Normal saline

Raised ICP: Plasma-Lyte or NS

Renal Tx Plasma-Lyte

FLUID INTERVENTION: AUSTIN





Anesth Anal 2015;120:123-9



Colloids 
�Expensive
�There may clinical benefit
�There may be harm with starches

Crystalloids
�Unbalanced: no clinical benefit and possibly harm  
�Physiological: better than balanced
�Awaiting results of prospective studies

Hyperchloraemia 
�There is no physiological benefit
�There is no clinical benefit
�There may be harm 

CONCLUDING THOUGHTS





Thank you

Email: laurence.weinberg@austin.org.au
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A Fast Track Recovery Program Significantly Reduces Hospital 
Length of Stay Following Uncomplicated

Pancreaticoduodenectomy
Mehrdad Nikfarjam, Laurence Weinberg, Nicholas Low, Michael A Fink, Vijayaragavan Muralidharan, Nezor Houli, Graham Starkey, Robert Jones, 

Christopher Christophi

J Pancreas 2013



RESULTSSurgery-specific cardiac output-guided haemodynamic algorithm improves
outcomes in patients undergoing pancreaticoduodenectomy in a high volume 

centre: a retrospective comparative study
Weinberg L, Banting J, Churiloc L et al.



RESULTSPhysiologic fluid optimisation algorithm improves outcomes in patients 
undergoing pancreaticoduodenectomy: a prospective multicentre randomized

controlled trial
Weinberg L,, Ianno D, Churilov L, et al. 


