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How this all started

Fascination for Physiology
(Kidney, Electrolytes and Water)

Intrigued by dogma’s
(in an era of Evidence Based Medicine)

The ‘Bicarbonate Challenge’
(my ‘fight” with a neonatologist)

| love Teaching

)
\"2 p.leroy@mumc.nl November 22" 2018



Upside down

ISBN 1-86500-1b8-b

g 8|1!6lI00168

M

5‘—.0
. WorldMap o
= x ST —
! ocqm_u.-nunm . OCEAN -t
Coph & Gy e A .
mmvu“nﬂmo%: 340 0059 ;o
Web: SOUTH
Emait: manage: O hemamaps.com au i : !
Hema Limited g - ’
m&mwg&mun ATEANTIC
44 ek < INDIAN OCEA ,\“
NI t
'%'v‘é: :
e -ﬁ. "(‘“""' OQCEAN 5

SODUTH /"”TLU_L.__

EoT

0 CIEAN
\ D KIRIRAT
\\ | _,___ﬁ.\‘
\ |
et NARSHALL
SLANDS
ey L
= o e !{
|

NORTH PACUFIC
OCEAN
\

nlendh, |

ARC JIEAN

NORTH

ATLANTIC
OCEAN

a3

SO
o

%

AT
CREENtAND.

r S

el

B



Case: Newborn (GA 38 w)

Day 1 postoperative (gastroschisis)
— Circulatory Failure
— Fluid Therapy (NaCl 0,9% & FFP) & Dopamine.

RESULT
Na* 131 mmol/L
K* 5.5 mmol/L
Cl- 110 mmol/L
Albumine 16.0 g/L

Lactate 6.6 mmol/L

Lactate Acidosis

\ due to anaerobic

metabolism and
SHOCK

pH 7.1

pCO, 4.0 kPa = 30 mmHg
HCO;- 9.0 mmol/L

sBEc -16.3 mmol/L

\_/ p.leroy@mumc.nl November 22" 2018




Traditional Interpretation (1)

Committee of the New York Academy of sciences 1965

Interpretation Step 1

Na* 131 mmol/L
K* 5.5 mmol/L
Cl- 110 mmol/L
Albumine 16.0 g/L

6.6 mmol/L

7.1

4.0 kPa = 30 mmHg
9.0 mmol/L

-16.3 mmol/L

Acidemia: pH < 7.36 ([H+] > 44 nmol/L)
Alkalemia: pH > 7.44 ([H+] < 36 nmol/L)

/) p.leroy@mumc.nl November 22" 2018

\



Traditional Interpretation (1)

Committee of the New York Academy of sciences 1965

Interpretation Step 1

Na* 131 mmol/L
K* 5.5 mmol/L
Cl- 110 mmol/L
Albumine 16.0 g/L

6.6 mmol/L

7.1

4.0 kPa = 30 mmHg
9.0 mmol/L

-16.3 mmol/L

Acidemia: pH < 7.36 ([H+] > 44 nmol/L)
Alkalemia: pH > 7.44 ([H+] < 36 nmol/L)

.
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Traditional Interpretation (2)

Committee of the New York Academy of sciences 1965

Interpretation Step 2

Acidosis:
A primary abnormal process that, in the absence of

compensatory mechanisms, causes an acidemia.
pH can be normal

Alkalosis: |
A primary abnormal process that, in the absence of Acidosis
compensatory mechanisms, causes an alkalemia. -

pH can be normal Alkalosis

Respiratory Metabolic

A pCO, Determinants A HCO;

November 22" 2018
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Traditional Interpretation (2)

Base Proton Water  Carbo )
BUffer DiOxide VOIatlle
LAHCO, + H* 2 H,CO,=H,0 + CO, IaEl
METABOLIC
ACIDOSIS

= ¥ HCO,
= BASE deficit

An ACID is a
Proton-Donor

2 p.leroy@mumc.nl November 22" 2018



Traditional Interpretation (2)

Base Proton Water  Carbo Lung
DiOxide Disease

HCO; '4 ' = H,CO;<=H,0 + C021 H;/);:o-

ventilation

RESPIRATORY ACIDOSIS
=M CO,
= NORMAL HCO,

Q? p.leroy@mumc.nl November 22" 2018



Traditional Interpretation (2)

Committee of the New York Academy of sciences 1965

interpretation | | NNDSIHIMNSNISINNNNN | Stcp 2

Respiratory: A pCO, Metabolic: A HCO;-

H* + HCO, < H,CO, <> H,0 + CO,

CO
He = K x P22
[HCO,]

[HCO4] Acidosis

S x pCO, or
Alkalosis

pH= pK + log

Henderson-Haselbalch equation

)
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Traditional Interpretation

Boston ‘rule of thumbs’ Narins et al. 1980

129, 1%, 80 5

asteriel P 692/ 7,00

50

Respiratory\ P 2, Metabolic

N

; HCO3'| mmol/L)

60




Traditional Interpretation (2)

Base Proton Water  Carbo )
BUffer DiOxide VOIatlle
reserve HCO + H*=H CO3<—H O + C()2 Acid

METABOLIC

ACIDOSIS

- W HCO, An ACID is a
= BASE deficit Proton-Donor

()
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Traditional Interpretation (2)

HO O
H C- C C- HCO3'+ Na*
H
P Q
H3C-C-C- Na* H2C03<_—: HZO + ClOz
|
H Lacziate Expired

. Metabolism
2 p.leroy@mumc.nl November 22" 2018



Traditional Interpretation (3)

Committee of the New York Academy of sciences 1965

Interpretation Stap 3

Compensation
A secundary, normal process that in case of an acidosis

A

Compen
sation ?

or alkalosis, ‘strives’ for a normalization of pH

Acid-Base abnormality Compensatio

Metabolic Acidosis | [HCO;] | sisamessssms PCO, | J
Metabolic Alkalosis | [HCO;] | miaasissims PCO, !

Respir. Acidosis pCO, 1 [HCO;1 1
Respir. Alkalosis pCO, | [HCO;1 | Slow

),
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Traditional Interpretation (3)

Committee of the New York Academy of sciences 1965

Interpretation Stap 3

Compensation
A secundary, normal process that in case of an acidosis |

or alkalosis, ‘strives’ for a normalization of pH Compen
sation ?
Complete Incomplete
normal abnormal
Correction Correction

Full disappearence of the primary process that initially
had caused the acidosis or alkalosis

)
\,2 p.leroy@mumc.nl November 22" 2018



Traditional Interpretation (4)

Committee of the New York Academy of sciences 1965

Interpretation | In Metabolic Acidosis Step 4

Anion Gap
= [Non-Measured anions] = [Na+]+[K+]-([CI']+[HCOS'])

Na* K* HCO3-

mmol/L

Electro-neutrality @

Anion Gap -+ > 95 % Plama-proteins v

Normal AG = 12-20 mmol/L Gap ?

Normal AG High AG

)
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Traditional Interpretation (4)

Committee of the New York Academy of sciences 1965

Interpretation | In Metabolic Acidosis Step 4

Normal Anion Gap Metabolic Acidosis
= | [HCO;7 =1 [CI]

Na* K* HCO3-

mmol/L
Electro-neutrality @

Causes LOss of Bicarbonate (Renal, Gut)

e Tubular immaturity Anion

* Intestinal Secretion CT-To i

Excess of Chloride
e Chloride infusion

)}
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Traditional Interpretation (4)

Committee of the New York Academy of sciences 1965

Interpretation | In Metabolic Acidosis Step 4

Normal Anion Gap Metabolic Acidosis
= | [HCO;7 =1 [CI]

mmol/L

Electro-neutrality @

Lactate acidosis Y
Keto-acidosis (diabetes mellitus) Anion
Intoxication Gap ?
Organic acidemia
Renal Failure

Causes

)}
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Traditional Interpretation

!

‘pH Life = Simple”
Acid = Protgn-Donor (H*)
Buffer (HCO;") =

Life is good."

oton-Acceptor

Equation (Henderso.Hasselbalch) —> pC02

Anion Gap (shows us the “acid enemy”)
Is this all really true?

),
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Traditional Interpretation

Committee of the New York Academy of sciences 1965

Interpretation | In Metabolic Acidosis

Na* 131 mmol/L
K* 5.5 mmol/L
Cl- 110 mmol/L
Albumine 16.0 g/L

6y - Added’ ACID
»0.0 Mo

7.1—Acidemia Incomplete
4.0 kPa = 30 mmHg— Compensation

9.0 mmol/L — Metabolic Acidosis
»-16.3 mmol/L—_

Buffer Deficit

Anion Gap = (131+5.5)-(110+9.0) = 17.5 = Normal !??

)
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Houston, we have
a Problem !

i L
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Problem 1

e

What is an “Acid”

Q? p.leroy@mumc.nl November 22" 2018



The concept “Acid”

ACID| Brénsted & Lowry 1920:
[HA] <= [R*] + [A]
l

ACID = a proton donor

),
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The concept “Acid”

NaCl 0.9% induces in vivo a metabolic acidosis!

5L H,0
155 mmol Na*

155 mmol CI-
1 Liter H,O

1L NaCl 0.9%

b senun 155 mmol Na*

155 mmol CI-

H=7.4
. 1 Liter H,O-

[Na* 1140 o
[CH=100

Q? p.leroy@mumc.nl

1L NaCl 0.9%

\

J
\

>» [CH=25.8 mmar

[Na*]=25.8mmon (GaP4eRs)
(+25.8)

[H*] = [OH]

6L
[Na'17143 o] QORI
(CHTF109 o] GENREC

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018



The concept “Acid”

NaCl 0.9% induces in vivo a metabolic acidosis!

Is NaCl 0,9% an ACID?

5L Serum

155 mmol Na*

155 mmol CI-

H=7.4
. 1 Liter H,O

[Na* 1140 o
[CH=100

Q? p.leroy@mumc.nl

1L NaCl 0.9%

6L
[Na17143 | QORI
[CH7109 o] EEIREE

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018



The concept “Acid”

NaCl 0.9% induces in vivo a metabolic acidosis!

Is NaCl 0,9% an H* donor?

5L Serum

155 mmol Na*

155 mmol CI-

H=7.4
. 1 Liter H,O

[Na* 1140 o
[CH=100

Q? p.leroy@mumc.nl

1L NaCl 0.9%

6L
[Na17143 | QORI
[CH7109 o] EEIREE

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018



The concept “Acid”

Alternative definitions seemed to be ignored

13

aVei[o B mmdV i CIIVERESISYA “any substance that increases [H+]"

‘Acidogenics’ — Faraday, Naunyn (1900)
[Natrium]: “Baseforming Cation”

[Chloride]: “Acidforming Anion”

— Singer, Hastings (1948)

Albumine

“Weak Acid Anions” (buffer) Ralie

Bicarbonate

“Fixed Anions” (non-buffer) Fejstse

.
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The concept “Acid”

The roles for Water, Electrolytes and Albumine

H,0 == H* + OH-

)
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The concept “Acid”

The roles for Water, Electrolytes and Albumine

Addition of Na+ NaQ™

v

H,0 == H* + OH =$ NaOH

Strong Base

!

Metabolic
ALKALOSIS

)
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The concept “Acid”

The roles for Water, Electrolytes and Albumine

Addition of CF Cl-

v

H,0 == H* + OH-=p HCI

Strong Acid

!

Metabolic
ACIDOSIS

)
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The concept “Acid”

The roles for Water, Electrolytes and Albumine

Serum

|
[Water] [Zouten] [H*]
mmol/L 55300 Na 140 0,00004
Cl 100
K4
1.382.500.000 3.500.000 1

(}2 p.leroy@mumc.nl November 22" 2018



The concept “Acid”

The abundance of water and electrolytes ?

HumorHound.com

Q? p.leroy@mumc.nl November 22" 2018



The concept “Acid”

The roles for Water, Electrolytes and Albumine

H,PO,

Fosfaat

N

e - Weak
HzO S H+ + OH A:iads

QQ p.leroy@mumc.nl November 224 2018



Problem 2

11

pH" Is non-sense

Q? p.leroy@mumc.nl November 22" 2018



“pH” is non-sense
N
pH = -log., [H*] [H*] = 10-PH

ELECTRODE
POTENTIAL {mV)

500

100°C  (74mV / pH UNIT)
50°C (64 mv' / pH UNIT)
\ 0°C (54 mV / pH UNIT)

\ ISOPOTENTIAL POINT

"¢ [H*= 1 x 107 Eq/L

-500
0

)

/)
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“pH” is non-sense
N
pH = -log., [H*] [H*] = 10-PH

oh = (og, i)

pH = double non-linear transformation of [H*]

pH has no dimension (-x <> +x)
pH creates confusion

)
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LNV “oH is non-sense

A pH steps of 0,2

Qz p.leroy@mumc.nl November 22" 2018



“pH” is non-sense
H,O :?2 H* + OH"

[OH] = H% Acid-Base neutral

0°C 25°C  37°C 100 °C

0,34 1,0 2,1 8,8
7.5 7.0 6.1

),
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“pH” is non-sense
H,O :?2 H* + OH"

[OH] = H% Acid-Base neutral

0 °C 25°C  37°C 100 °C

0,34 1,0 2,1 8,8
7.5 7.0 6.1

[H*] may ¢ WITHOUT the addition of [H*] !!!

)
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2 ELNPI “poH is non-sense

Modern Definitions (Stewart, Kellum, Elbers 2009)

Acid Solution [H*] > [OH]
Alkalic Solution [H*] < [OH]
Neutral Solution [H*] = [OH]
Acid Substance that causes a 1 [H*]
Base Substance that causes a | [H+]

)
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Henderson-Hasselbalch iIs
Incomplete

Q? p.leroy@mumc.nl November 22" 2018




L N[N Henderson-Hasselbalch is Incomplete

[HCO,]

_ — —  (Henderson-
pH= pK + log Sco, X pCO, Hasselbalch)

Mathematical
transformation

——log pCO, = -pH + log [HCO;]/ K x Sco,

Buffer Curve — Van Slyke 1921

= -ax +b | Linear relationship between
log pCO, and pH

Q? p.leroy@mumc.nl November 224 2018



LT M) Il Henderson-Hasselbalch is Incomplete

ROLE FOR

T
£
&
N
o)
O

o
()

fs!

Normal

A Y

-
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Problem 4

How to assess buffering ?

(...how to assess the extent of the metabolic component)

Q? p.leroy@mumc.nl November 22" 2018



The Miracle of Buffering...

Buffer Swan & Pitts experiment
(1954)

Dogs: infusion 14 mmol H*/L Body Whater

pH7.44 — . pH7.14

[H*] 36 nmol/L — [H*] 72 nmol/L

14.000.000 nmol - 36 nmol

13.999.964 nmol were buffered

99,99974%
)

¢ p.leroy@mumc.nl November 22" 2018
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MCLIEUECE [HCOS]: a measure for Metab Acidosis?

Volatile
Acid

H,CO, <= H,O + CO,

Q? p.leroy@mumc.nl November 224 2018



MCLIEUECE [HCOS]: a measure for Metab Acidosis?

1 Respiratory: A pCO, Metabolic:/A HCO;-

9

728l [HCO,] is partly determined by pCO,

(e.g. acute respiratory acidosis)

)
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MCLIEUECE [HCOS]: a measure for Metab Acidosis?

Boston ‘rule of thumbs’ Narins et al. 1980




MCLIEUECE [HCOS]: a measure for Metab Acidosis?
=P Search for a CO,-independent

measure of the buffer status
(buffer-reserve)

Singer&Hastings Van Slyke (1920s):
(1948): (~Faraday) Standard Bicarbonate

Buffer = = [HCOg] after

) r equilibration to pH 7.4
[Pos lons] @ and pCO, 40 mmHg

7 —BUFFER =[HCO,1+[A]*

* Weak Acids
(proteins, phosph.)

OBase-forming

Acid-forming

N
) p.leroy@mumc.nl November 22" 2018



MCLIEUECE [HCOS]: a measure for Metab Acidosis?
=P Search for a CO,-independent

measure of the buffer status
(buffer-reserve)

Singer&Hastings Van Slyke (1920s):
(1948): (~Faraday) Standard Bicarbonate

Calculated Siggaard-Andersen 1960: Base Excess

= represents the amount of acid or alkali that
must be added to1 liter of blood exposed in
vitro (at 37°C) to a pCO, of 40 mmHg to
achieve the average normal pH of 7.40.

By use of the
“van Slyke”

equation —Negative BE, if alkali are required (pH<7.4)

—Positive BE, if acid is required (pH>7.4)

)
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MCLIEUECE [HCO,]: a measure for Metab Acidosis?

BE = {[HCO,]- 24.4 + ((2.3 x [Hgb] +7.7) x (pH-7.4))} x
{1-(0.023 x [Hgb])} (“Van Slyke Equation”)

BE still CO, dependent

q

Base Excess

2
1
0
£
S B
-l
£ Ml
£

Kellum Crit Care 2005;9:500-507

SBEc= {[HCO.1- 24.4 + ((8.3 x[Alb] x 0.15) + (0.29 x
[PhOSph.] X 032))} X (pH-7.4) Wooton 2003

) Weak Acids !

\_¢ p.leroy@mumc.nl November 2274 2018




MCLIEUECE [HCOS]: a measure for Metab Acidosis?

=P Search for a CO,-independent
measure of the buffer status
(buffer-reserve)

SBEc is the best measure for the
assessment of the metabolic
component in acid-base disorders

Lactate 6.6 mmol/L [N eN=e8
Excess buffering ? pH 7.1
Other Acids ? pCO, 4.0 kPa =30 mmHg

Lactate Acidosis ? HCO;~ 9.0 mmol/L
sBEc -16.3 mmoIIL

)
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SOLUTIONS !

i L
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Na*, K*, Ca**, Mg**

Albumin

Extra
Cellular
Buffer

Q? p.leroy@mumc.nl November 22" 2018



Peter Stewart
1981: “How to understand Acid Base Physiology”

What is the role of bicarbonate in
acid-base balance?
The answer is simply: none!

[H*] and [HCO3-] are dependent
variables, determined by other
independent variables

An increase of [H*] does NOT need the
addition of H* to the body fluid

Physico-Chemical approach

B Quantification of all contributing factors
\j p.leroy@mumc.nl November 22" 2018




Edition 2009

www.acidbase.orq

)}
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Analyse

Use our analysis module to help you
understand your patient's blood gas data.
This will help solve even the most complex
cases. Includes many educational links.

=

acidbase.org ¢ (V]

acidbase.org

Thank you all so much for having made Stewart's book a true bestseller.
Now we are giving back to the community by making Stewart affordable for everyone!

Read Buy Learn

Stewart’s

Acid-Base

-

Stewart's original text. Peter Stewart was a Was € 69,95 - NOW € 49,= Enjoy our selection of the best of the web on
genius. This acid-base primer will get you acid-base medicine and other selected topic

started! Now available in its original format. | LUIU. Now in intensive care medicine

Start reading right now, free of charge! Includes the original text PLUS 22 new

chapters bringing Stewart to the bedside!

info@acidbase.org

V VUU.niversity
VUmc (72 jedaicener REVIVE \.ovsnere.



“Conservation of charge”

Electroneutrality: [+] = [-]

\4

[Na*]+[K*]+[Ca™"]+[Mg**]+[H"]
= [CI]+[Lact]+[HCO;]+[AT+[CO42]+[OH]

[Na*]+[K*]+[Ca*"]+[Mg**]-[Cl']-[Lact]+[H"]
= [HCO;T+[AT+[CO42]+[OH]

I

SID+[H"]
= [HCO;]+[A]+[CO5=]+[OH]

),
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“Conservation of charge”

Electroneutrality: [+] = [-]

~_~ VM “Conservation of mass” |HA < H* + A- -

[Atot] = [HA] + [A-]

4 equilibrium reactions
Water Weak Acids

[OH] x [H'] =K, [A] x [H*] = K, x [HA]

Bicarbonate ion Carbonate ion
[H*] x [CO;?] = K; x [HCO;7]

[H*] x [HCO;]=K,” x S x

(Henderson-Hasselb.)

S

Stewart equation — [H*] as the only unknown
(}2 p.leroy@mumc.nl November 22" 2018



Stewart Equation
Chs ’ a[H*]* + b[H*]® + c[H*]? + d[H*] + e =0

a= Total [Weak Acids]

Aa (albumin & Phosphate)
2 X {[SID] - : )}
d= '{Ka X (Kw’ wr (Ki’ XS )) - (K3 X Ki’ X SZ)}

e=-K,xK;xK,’ xS

Strong
POS lons
_A— AL

[NaJ+[K]+[Ca]+[Mg] - [Cl]-[Lact]

@ p.leroy@mumc.nl November 229 2018




_ Stewart Equation
b a[H']4 + b[H*]® + c[H*]2 + d[H*] + e = 0
o

lpH = pK; + log [SID] ; K, 1Ka + 10-PH

pCO,, SID and [A, ] are Independent variables

pH, [H*] and [HCO,] are Dependent variables
[Na]+[K]+[Ca]+[Mg] - [Cl]-[Lact]

()
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Strong lon Difference (SID)

Catt
Mg++_
K+ — N

! [SID] me  [H*] == § pH

— Lactate-

= Strong lon Difference (SID)
= [Na]+[K]+[Ca]+[Mg]-[CI]-[Lact]




Strong lon Difference (SID)

Cl- Cl- Cl-

= Strong lon Difference (SID)
= [Na]+[K]+[Ca]+[Mg]-[CI]-[Lact]




EFFECTIVE SID (SID,)=
(Bi)carbonate

Phosphate
Albumin (A’)
SID_= -2.46 x 108 x pCO,/10-PH
+ [Alb] x 0.123 x (pH-0.631)
+ [PO*] x (pH-0.469)

SID_= SID,

Normal + 40 mmol/L

Cl- = Strong lon Difference (SID)
t= [Na]+[K]+[Ca]+[Mg]-[Cl]-[Lact]

= Apparent SID (SID,)
—— P.Leroy@mumc.nl EAPS Istanbul 5 & 7 October 2012 ———




EFFECTIVE SID (SID,)=
(Bi)carbonate

Phosphate
Albumin (A’)
SID,= -2.46 x 108 x pCO,/10H
+ [Alb] x 0.123 x (pH-0.631)
+ [PO*] x (pH-0.469)

SID_> SID,

i

= [Na]+[K]+[Ca]+[Mg]-[Cl]-[Lact]

= Strong lon Difference (SID)
= Apparent SID (SID,)




EFFECTIVE SID (SID,)

Strong lon Gap (SIG) =
UNMEASURED ANIONS

(Citrate, D-lactate, ketoglutarate,
pyroglutamate, succinate, toxins,
unknown metabolites,...)

.| SID,>SID
-S|G = SID, - SID,

= [Na]+[K]+[Ca]+[Mg]-[C]-[Lact]
= Apparent SID (SID,)

t= Strong lon Difference (SID)




o sBEc d[sib]—1 (H*1—>4 pH

Unmeasured ions

Lactate

Hyperchloremia

I

Unraveling a
complex metabolic
acidosis

Cl-




Result
Na* 131 mmol/L
K+ 5.5 mmol/L

Cl- 110 mmol/L
Albumin 16.0 g/L

Lactate 6.6 mmol/L + 5.6 mEqg/L

pH 7.1 v 1 10.7 meq/L Acids

pCO, 4.0 kPa =30 mmHg are not explained
sBEc -16.3 mmol/L -16.3 mEq/L

J

SID, = [Na]+[K]+[Ca]+[Mg]-[Cl]{Lact] = 22.8 (Normal = 40)

SID, = Calculation based on [HCO4], [PO*] en [Alb] = 22.7

SIG = 0.1 = 0 — NO unmeasured Negative lons

)
/) p.leroy@mumc.nl November 224 2018



I SBEc =-16.3 mEq/I

5.6 mEq/L

10.7 mEq/L

lactate ‘ ‘ chloride

HYPERCHLOREMIA
explains 66%
of the metabolic
acidosis !!

IATROGENIC !!




A OM What is an “Acid”?

NaCl 0.9% generates /in vivo an acidosis !

Normal Saline (NaCl 0,9%) is indeed
an Abnormal Acid!

5L Serum

6L
[Na17143 | QORI
[CH7109 o] EEIREE

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018

155 mmol Na*

155 mmol CI-

H=7.4
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A OM What is an “Acid”?

NaCl 0.9% generates /in vivo an acidosis !

Because SID is decreased !
(as we have increased [CI]...)

5L Serum

6L
[Na17143 | QORI
[CH7109 o] EEIREE

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018
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. 1 Liter H,O
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A OM What is an “Acid”?

NaCl 0.9% generates /in vivo an acidosis !

There is NOTHING normal or
physiological in NaCl 0,9% !!

5L Serum

6L
[Na17143 | QORI
[CH7109 o] EEIREE

[H*] > [OHT]
pH | <7.4

Hyperchloremic Acidosis
November 22" 2018

155 mmol Na*

155 mmol CI-

H=7.4
. 1 Liter H,O-

[Na* 1140 o
[CH=100

Q? p.leroy@mumc.nl

1L NaCl 0.9%




NaCl 0.9% generates in vivo an acidosis...
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NaCl 0.9% generates in vivo an acidosis...

Metabolic acidosis in patients with severe sepsis and septic shock:
A longitudinal quantitative study Crit Care Med 2009;37:2733

Danilo T. Noritomi, MD, PhD; Francisco G. Soriano, MD, PhD; John A. Kellum, MD, PhD;
Sylas B. Cappi, MD; Paolo J. C. Biselli, MD, PhD; Alexandre B. Liborio, MD, PhD; Marcelo Park, MD, PhD

Conclusions: Patients with severe sepsis and septic shock
exhibit a complex metabolic acidosis at intensive care unit ad-

mission, caused predominantly by hyperchloremic acidosis,
which was more pronounced in nonsurvivors.
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NaCl 0.9% generates in vivo an acidosis...

Pediatric Critical Care

Hyperchloremia is the dominant cause of metabolic acidosis in the

Ellen O’Dell, MRCPCH; Shane M. Tibby, MRCP; Andrew Durward, FCP; lan A. Murdoch, FRCP

Conclusions: Hyperchloremic acidosis is common and sub-
stantial after resuscitation for meningococcal septic shock.
Recognition of this entity may prevent unnecessary and po-

tentially harmful prolonged resuscitation. (Crit Care Med 2007;
35:2390-2394)
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NaCl 0.9% generates in vivo an acidosis...

Non-Chloride component
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Hyperchloremic Acidosis Increases
Circulating Inflammatory Molecules in
Experimental Sepsis*

John A. Kellum, MD, FCCP; Mingchen Song, MD, PhD; and Eyad Almasri, MD

(CHEST 2006; 130:962-967)
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The strong ion gap predicts mortality in children following
cardiopulmonary bypass surgery*

Andrew Durward, FCP; Shane M. Tibby, MRCP; Sophie Skellett, MRCP; Conal Austin, FRCS;
David Anderson, FRCS; lan A. Murdoch, FRCP

Conclusions: An elevated strong ion gap occurs commonly
following bypass surgery and appears to be superior to lactate as
a mortality predictor. (Pediatr Crit Care Med 2005; 6:281-285)
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Hyperchloremic acidosis (data from literature)

oliguria
Hyperkalemia
Renal vasoconstriction

Kidney

Coagulopathy

{ splanchnic circulation

Vomiting & Nausea (post-operat)
Intestinal Injury

Decreased ability in
abstract thinking

.
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gy " rd “ Alexis Hartmann
JAMA 1934: Gastro-enteritis in children

— Earlier recovery In Ringer-Lactate group
(=Hartmann’ s solution) compared to NaCl 0.9%
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J. Trauma 2009; 66:1045

Persisting

B & Fluid therapy (Nacl0.9%
Metabolic Acidosis > Py (Na )
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The next day...
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Result Anion GAP = 29.0

Na* 129 mmoiiL (131)
K* 7.0 mmollL (5.5)

CI 100 mmoi (110)
Albumine 16.0 g1 (8.0)

Hb 4.8 mmoliL

Lactate 8.5 mmoliL + 7.5 mEq/L

pH 6.9 v 110.8 meg/L Acids

pCO, 4.0 kPa =30 mmHg are not explained
sBEc -18.3 mmol/L -18.3 mEq/L

J

SID, = [NaJ+[K]+[Ca]+[Mg]-[Cl]-[Lact] = 30.8 (Normal = 40)

SID, = Calculated using [HCO;], [PO*] en [Alb]= 25.1

SIG = 5.6 !!! (Unknown Acids...)
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Henderson-Hasselbalch

(Over)
Simplification

Undeserved
leading role for
HCO;

Y \.
N et 31 "| lgnores important

A L! ! 'l
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Henderson-Hasselbalch

(Over)
Simplification

Threatens the
mental proces

Undeserved
leading role for
HCO

lgnores important
players
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Stewart-Approach

,{a Unravels the role
iy of different players

h Explains Lactate
acidosis

[PCO,] & .
. Explains Hyper-

[SID] A chloremic acidosis
[Weak Acidsi
¢ W\ -

H* en HCO; are

(only) dependent

variables
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Conclusion: Metabolic acidosis

Qualitative Quantitative
approach approach

Henderson-Hasselbalch

»
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We remain confused as ever....

but on a higher level...

And on more difficult things !
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