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Acid-Base

Introduction/ NISteric Perspective

leols for acid-hase analysis
= Base Excess
s Buffer base — weak acid buffers
= Anion Gap
s Streng iens — SID, SIG
x Modified Base Excess

Metaholic acid-hase abnoermalities
= Albumintlevel; Phesphate level
a Free water
Reflected i [Na]
= Chloride — inoerganic SID
= Organic anions, Organic cations

Differential diagnesis ofi metaholic disturbances



—Base Disorders

Acid




Acid-Base Abnormalities

LLess important than the
patholegic apvnermalities
causing them




Acid-Base Abnormalities

Fatal diserders

s Extreme (eg, pH <7.0 or >7.7)

x Develops quickly

= Direct cause of organ dysfunction

Harm ecalise off the patient's response
= Respiratory muscle fatigue

= Diversion of bloed flew from vital ergans

= Acidemia - Increased adrenergic tone

» Increase myocardial oxygen demand



Acid Production

Primarily: CO%5
s 150'te 250 mEg/kag/a of carboenic acid
s Hemoglohiniis major buifer
“Haldane” effect - H* bond, HCOx te plasma (Cl shift) — 65%

CO; bound to protein — 27%
PCo,— 8%
Strong erganic acias

x 3010 40 mEa/kg/d

x Variety ofracids
l"actic acid
Tricarhexylic acids
Keto acids

= Produced/ metabolized to CO,



Acid Production

lnerganic acids

= H,S0,

= H.PO,

Urinary’ excretion acid

s 1'to 2 mE@g/kg/d aniens



William O'Shaughnessy
Thomas Latta
1832




History Acid-Base Analysis

Henderson 1909 0 o HCO,
H,CO,

Hasselbalch 1916

pPH =6.1+ Iog{

HCO,
P x0.03

co,

1943 — Buiiier Base

1957, 1958'— Standara Bicarbonate; Base Excess
1977 — Anion Gap

1981 — Stewart - Physical Chemistry.



Base Excess

Copenhagen Appreach
= Change In bleed bufiers

Amount of acid/hase added to' whole blood
= Return pH to 7.4

= ASsUmptiens
Pcoy of 400mmi Hg
flemperature 375C
Noermal hemoglohin
Fully saturated bloed

Titration expernments
x Nomograms
= Fermulas



BE
| actic Acidosis

tH*

CO, <
SISICH
Lac- H*

Lac

Cations |. Anions
Cl-




Acid Buffering

Plasma
Immediate buffering

Bone
(40%)

N

Interstial Fluid
15 min

!

Intracellular
2 — 4 hours




Standard Base Excess

BUffer space
s 1/3 normal hemoeglenin

ASsUumptions

x Norma
2 Norma
2 Norma

nemaoglonin
vascular/ECFE ratio
nonvolatile bulter

SBE ., — AloUmin; PO,



Septic shock, NE
pH 7.195

Pco, 26.4

SBE  -15.9 mmol/l
Na 134.7 mmol/I
K 4.68 mmol/l
Cl 102 mmol/I
Ca "3 1 mg/dl
Mg 1.08 mg/dl

Lac  16.4 mmol/l
PO,  7.36 mg/dl
Alb 2.3 g/l
Glob 2.0 g/dI
HCO; 10.3 mmol/l

mEq/I

=l e
134.7
4.68
102
2.6
0.88

16.4
4.34
12
2.8
10.3

Base EXCESS

Mg** = 0.88
Ca**=26
K* = 4.68

Na*
134.7

Cl-

102

PO, =42
Alb + Glob = 10

HCO, =10.3



Buffer Base

Weak Acidl Butfer

Volatile Weak Acid

» H,CO, <& H* + HCO,
Nonyvelatile: Weak Acids, Ayt

= Hemoeglehin
x Albumin (& Glekulin)
x lnerganic phesphate

\Weak: acids
= pPK, act as buffers



Cations/Anions
Weak lon Acid Bufier

PO,
A | Alb Hb

HCO,

Cations |,.. Anions
Cl-




Calculating mEg/I

Allb: = (Al x 10) X ((0.123 x pH) — 0.631)
= Alb-=2.8xAlb
= Horse: Albr = 2.25 x Alb [g/dl]

x Horse: Globr = 1.40%x gleb [a/dl]
PO, = (PO, x 0.323)x ((0.309 x pH) — 0.469)
= PO, =0.58xPO,

m Horse: PO4" = 0.59 x PO4 [mg/dl]



Neonatal

Encephalopathy

pH 1,295
Pco, SV

SBE ] 52

Na 140 mmol/l
K 3.51 mmol/l
€] 103 mmol/I
o~ 6 mg/dl
Mg* 1.1 mg/dl
Lac 7.1 mmol/l
PO 6.22 mg/dl
Alb 2.18 g/dl
Glob 1.62 g/dI

HCO,

25.9 mmol/I

mEq/I

Buffer Base

1.2 Mg++ = 0-9
= ==
140 S

Kr=3.51

PO, =36
Alb + Glob= 7.2

HCO, = 25.9

3ol

103 Lac=7.1
3

0.9 Na*

37 103

4.9
2

25.9



Anion Gap

Cations = ARIORAS
Na + K + Ca+ Mg + UC = Cl + HCO, + Alb + PO, + UA

(Na + K) — (CI+HCO;) = (Alb + PO, + UA) — (Ca + Mg + UC)

(Na + K) — (Cl + HCO,) = UA - UC
(Na + K) = (Cl + HCO,) = AG



Cations

Cations/Anions
Anion Gap

K+

Na*

tAG

Albr
POA-

HCO,

Cl-

H+A

ANIons



Birth Asphyxia

pH
Pco2
AG
NE
K

Cl
Y
Mgt
Lac
P@,
Alb
Glob
HCO,
SBE

7.009

62.4

22.8 mmol/I
131 mmol/l
4.82 mmol/l
98 mmol/I
6.58 mg/dl
1.3 mg/dl
14.5 mmol/l
4.99 mg/dl
2.78 g/dl
1.92 g/dl

15.9 mmol/i
-13.3

mEq/I

5K
4.82
98
38
1.1
14.5
2
6.3
A/
15.9

Anion Gap

Mg+ = 1.1
Ca**=3.3
K*=4.82

Nat
131

AG =228

Cl-

98

Lac =145

PO, =2.7
Alb + Glob = 7

HCO, = 15.9



Anion Gap

Unidentified cations

m Catt, I\/Ig++

= Amines; many arugs

Unidentified anions include All; PO,
s Lew levels could mask presence of UA

= High levels could mimic presence: ofi UA

Corrected AG
s AGy,,, = AG + 2.5 x (Alb
x AG

ref = Albmea_sured)
= AG— ((2 X Alb) + (0.5 X Pi))
Acid pH



Dystocia
pH
Pco2
AG
Na

K

Cl
Cat
Mgt
Lac
PO,
Alb

Glob
HCO3

SBE

7.390

42.6

13.5 mmol/i
132 mmol/l
3.42 mmol/Il
96 mmol/Il
6.13 mg/dI
1.4 mg/dl

7 mmol/I
4.19 mg/dI
1.28 g/dI

1.52 g/dl
26 mmol/I

1.3

mEq/I

iy
3.42
96

2:5
4.9

il

26

Mg+ =1
Ca**=3
K*=3.42

COTr;

Na*
132

AG =135

Anion Gap

AG

Cl-
96

— AG — (Al) + (PO,)) =5

Ll = 7

PO, =3.5
Alb-+ Glob =5
HCO,; =259



Anion Gap

HCO,

x Respiratory Influence
Delta-delta

n AAG = AG.,, — AG

Corr: ref;

s AHCOj; = HCO, . — HCO:

3 measured

s AAG = AHCO3 If no respiratery infilence

= But ...
Noen-bicarboenate buffers
\/olume of distribution
Duration of acidosis

x Normal — (1 to 1.6):1
|_lactate - 0.8:1 to 1.8:1
Ketoacids - 0.8:1 to 1:1

= Range may hide confounding abnormalities



Stewart Approach

Principles of physical chemistry
a Electrical neutrality

x Dissociation equilibriums

x Consenvation of mass

Independent varianles
= SID
x \Weak acids (A;57) — BUlfer base

- Pcoz



Strong lons

lnerganic

a Na*, ClIf, K%, S04, Ca’t, and Mgt
Organic

 [LACGHIC acias

n [rAcarhoxylic acids

= Kete acids

Streng erganic anien
» “footprint™ or “ghoest™ of the strong acid



Cations/Anions

HCO,
Cations |,.. Anions
Cl-




Strong lons

Mg++
Cat*

Lac

Cations |,.. Anions
Cl-




FIRS, Sepsis

pH 7.46

Pco, 39.8

SID 38

Na 137 mmol/l
K 3.8 mmol/I
Cl 102 mmol/I
Cas 5.11 mg/dl
Mg** 1.28 mg/dI
Lac 4.8 mmol/l
PO, 4.14 mg/dl
Alb 4.9 g/dl
Glob 0.76 g/dI
HCO, 28.6 mmol/Il

SBE

4.7

mEq/I

184
3.8
102
2.56
1.05

4.8
2.4
11
1
28.6

Strong lons

Mg** = 1.05
Ca* = 2.56
K*=3.8

Nat
137

SID
38

Cl-
102

Lac =4.8



SID

Approximately 40+2

Strong Ion balance
= SID > 40 - alkalizing
= SID < 40 - acidifying
Quantitate

Hyper/hypochloremia - relative
m Decrease Cl < decrease Na — acidosis
m Decrease Cl > decrease Na — alkalosis



SIG

SID, = (Na + K + Ca + Mg) — (Cl + Lac)
SID, = Alb-+ PO, + HCO;
SIG=SID, -SID, =UA-UC =0

Mg++
Ca+t

K+

A
SID, Heo,1 | >
HCO3;

Cations |,.. Anions
Cl-




SIG

SIG = Slba — SIDe

SIG = 0 — unmeasured aniens
m Sepsis
= Liver disease

x| lactate 1s not part of Slba, D-LLac
Most common cause off SIG = 0
[Lactate mmol/I'= SIG

SIG < 0 — Increased unidentified cations
Can have mixed picture but UC very rare

SIG dees not change with
= pH; Pco, changes
= Changes in albumin, phesphate



Intrauterine distress
Birth asphyxia

pH
RGO,
SiDa
SIDe
e
Na
K

Cl
Gat®
Mgt
Lac
PO,
Alb
Glob
HCO,
SBE

6.791

59.6

62.9

32.9

30

142 mmol/Il
4.13 mmol/I
88 mmol/I
5.49 mg/dl
2.49 mg/dI

?? mmol/I
27.8 mg/dl
2.97 g/di
1.73 g/dI
9.2 mmol/I
-22.5 mEqg/I

mEq/I

142
4.13
88
2.74
2.04
4
16.4
6.7
2.4
iy
-22.5

SIG — UA

Mg+t = 2.04

Cat =274
K*=4.13

UA
Lac =30
S|Da SIG =30
62.9
SIDe
32.9
Na*

142

Cl-
88

PO, =146

Alb + Glob-=9.1

HCO, = 9.2



Case 91645

pH 7.088

04 45.9

SIDa 43

SIDe 34.3

SIG oF -

Na 135 mmol/I
K 4.23 mmol/i
o 81 mmol/Il
@arJ 4.23 mg/dl
Mg** 1.23 mg/dl
ssLac 18.6 mmol/I
PO, 20.53 mg/dl
Alb 2.89 g/dI
Glob 1.71 g/dl
HCO, 14 mmol/I
SBE -15.2 mEq/I

mEq/I

138
4.23
81

212
1.06

18.6
12.1
6.5
2.4
14
-15.2

SIG — UA

Mg+ = 1.06
Ca**=2.12
K* = 4.23

Nat
135

SIDa
43

SIG

SIDe
34.3

Lac = 18.6

Cl-
81

PO, = 11.4

Alb- + Glob-=8.9

HCO, = 14



FIRS, Sepsis

pH 7.361

PLD4 68.3

SIDa 39.6

SIDe 50.6

SIG -11

Na 137 mmol/I
K 3.73 mmol/I
Cl 102 mmol/I

Gar 4.62 mg/di
Mg+ 1.03 mg/dl

Lac 1.3 mmol/I
PO, 6.75 mg/dl
Alb 1.82 g/dI

Glob 2.48 g/dI
HCO, 39.1 mmol/Il
SBE 13.1

mEq/I

SIG - UC

Mg = 1.05
Ca*t=2.31 uc

K*=3.73 SIDe

39.6

PO, =3.94
Alb+Glob = 7.6

HCO, =39.1

13
S
102

2.31 Na*
0.84 137 I

Lac=1.3

b
3.98 102
4.1
St
39.1




Modified BE Method

Cembining BE anad Stewart's approeach
s Free water (deficit or excess)
x Changes in Cl
= Changes in A® (Noenvelatile: buffer base)

= Presence of erganic UA

BE., = BEgy & BEg + By, & BE(,
s BE;, = 0.3 X (Nayeacured — N2 or)
m BE, =Cl . —Cl./

CIcorr = (Naref /Nameasured) X CI_measured

= BE,, = 3.4 (Alb,s - AlB, cocured)
s BE,, = BE, - (BE;, + BE; + BE,;)



IUGR, FIRS,
NEC

pH 7.424
Pco, 69.8
SBEY #5205
Na 142
K 3.4
Cl 75
Cai# 4.69
Mg** 0.78
Lac 9.8
PO IS
Alb 2.45
Glob 3.05

HCO,

46.1

mEq/I

142
3.4
S
s
0.64
9.8
6.8
25

4.27
46.1

Moditied

Base Excess

Mg** = 0.64
Ca**=2.3
K*=3.4

Na*
142

Cl-

75

PO, = 6.8
Alb-=6.9
HCO, = 46.1
BE
PBE 25
BEfw 2
BEcl 27 .4
BEalb -0:51
BEUA '7.29






Metabolic Acid-Base Abnormalities

AlbUumin/Phesphate concentrations

Free Wwater
= Dilutional  Acidosis

s Contraction Alkalosis

Hypochleremia/ Hyperchleremia

Unidentified Anions/ Unidentified Cations



Albumin/Phoesphate Concentrations

Acor, BUlfer Base, weak acids

Metabolic acidosis

x Hyperphoesphatemia
Renal failtre, catabolism

x Hyperalbuminemia
Hemoconcentration
Plasma/albuminttherapy.

Metabolic alkalosis
x Hypoealbuminemia

Neonates
= Hypoalbuminemia
= Hyperphoesphatemia



Intrauterine distress
Birth asphyxia

pH
RGO,
SIDa
SIDe
e
Na
K

Cl
Gat®
Mgt
Lac
PO,
Alb
Glob
HCO,
SBE

7.568

22,2

60.2

46.2

14

184 mmol/I
7.71 mmol/Il
128 mmol/I
? mg/dl

? mg/dl

3.5? mmol/l
19.03 mg/dl
3.02 g/dI
3.08 g/dI
26.5 mmol/I
-1.5 mEqg/I

= | Maggie’s Cria

Mg* = 22
a2
UA
Kr=7.71 SIG =14
SIDa PO, =11.23
60.2 | |SIDe Alb = 8.46
w2 HCO; = 26.5
184
el Lac = 3.5?
128
t)
Na*
?
= 184
9)] CI_

1198
8.46 128
?
26.5
-1.5




Na = 136
=

Cl = 100
SID= 40

Dilutional Acidosis

Free Water
K+
3.3
Nat I
1 83.3

Add 20% water
Na = 113

K= 3.3
Cl="83.3

SID = 33



Dilutional Acidosis

Addition of free water (hypoenatemia)
= Will'cause a decrease SID

= Dilutional acidosis

Any esmotically’ active particle
x Increase velume of ECE, no change in charge
x Mannitel (loefore the ditresis)
x Hyperglycemia
x Ethylene glycol or methanol poisening



Na = 136
=

Cl = 100
SID= 40

Dilutional Acidosis

Saline
K+
3.3
e CI-
139 109

Add 20% saline
Na = 139

K= 3.3

Cl = 109

S[D =333



Dilutional AcidosIs
Add SID balance fluia

K+
4.2

Na*
136

Cl-
100

Add 20% Nermisol R
Na = 137

K=4.2
Cl =100
SID =41



Dilutional Acidosis
Add NaCl — no volume

4 Na = 166
K =4
Cl =130
e SID = 40
* o
166 130




Dilutional Acidosis

Dilution efiect

x Depends on the SID ef added fiuid

= Amoeunt of fluid added

How: much of the SID IS from free water?

/0 correct for the free water effect
- Naref/ Nameasured

- CICorr — (Naref /Nameasured) X Cl_measured
Not that simple — i real life

= Dilute Alb, PO,

s Alkalizing effect



Free Water

pH 7.46
Pea, 39.8
SIDa 1.7 . PE, =24
SIDe 43.2 SIDal [SIDe Alb-+ Glob-=12.2
L5 il 377|452 HCO, = 28.6
Na 137 mmol/Il 137
K 3.8 mmol/l 3.8 Lac'=4.8
Cl 102 mmol/I 102
Ca** 5.11 mg/d| 256 Na*
Mg** 1.28 mg/dI .05 137 Cl-
Lac 4.8 mmol/I 4.8
102
PO, 4.14 mg/dl 2.44
Alb 4.9 g/dI 1
Glob 0.76 g/dI 1.1
HCO, 28.6 mmol/Il 28.6

SBE 4.7



FIRS, Sepsis mEq/I

Free \Water

pH 7.46

Pco, 39.8

SIDa 37.7 30.1

SIDe 43.2 34.5

SIG 55 4.4

Na 137 mmol/I 3 110 o PO, =1.96
K 3.8 mmol/l 3.8 3.04 SIDal |SIDe Alb-=9.7
of 102mmoll 102 82 30111343 HCO, = 229
Ca** 5.11 mg/d| 2.56 2.04

Mg** 128mgidl 105 088 e
Lac 4.8 mmol/Il 4.8 3.84 Na*

PO, 4.14 mg/dl 2.44 1.95 110 Cl-

Alb 4.9 mg/dl gl 8.8 82

Glob 0.76 g/dI i 0.88

HCO, 28.6 mmol/l 286 22.9

SBE 4.7



Na = 136
=

Cl = 100
SID= 40

Contraction Alkalosis

Na*
170

Cl-
125

Contract 20%
Na = 170
KE=ES

Cl =125

SID =50



Intrauterine distress
Birth asphyxia

pH
RGO,
SIDa
SIDe
e
Na
K

Cl
Gat®
Mgt
Lac
PO,
Alb
Glob
HCO,
SBE

7.568

22,2

60.2

46.2

14

184 mmol/I
7.71 mmol/Il
128 mmol/I
? mg/dl

? mg/dl

3.5? mmol/i
19.03 mg/dl
3.02 g/dI
3.08 g/dI
26.5 mmol/I
-1.5 mEqg/I

mEq/I

184
Tifel
128

3.5
.25
8.46

26.5
-1.5

Maggie's Cria

Mg** = 2?
G0

Kr=7.71

K=4.8
K=6.4

25%0

contraction

Na = 140
Na = 186

Na*
184

UA
SIG =14

SIDa

60.2 | [SIDe

46.2

SIDa =59.4

Cl-
128

PO, =11.23
Alb = 8.46
HCO, = 26.5
Lac =3.5
Cl =100
8 o L83



Hypochloremia
Hyjperchloremia

Normal renal handling of Cl

x Renaliacid-lhase control

x Adjust SID! by excreting Cl without Na
= Diet — equal Na ana Cl

Abnormal renal handling of C

s Renal Tubular Acidosis



Hypochloremia
Hyjperchloremia

HYpPErchloremic acidesis

= Noen-renal
Gl losses Na
Excessive saline therapy.

= Renal
Renal compensation
RTA

Hypoechleremic alkalesis

x Renal compensation

x Chloruresis (furesemide)
x Glloss Cl

s Contraction alkalesis (loss of free water)
Glucoese diuresis



Unidentified Anions
Unidentified Cations

Unidentified anions
= | -lactate
s D-lactate

= Endegenous unidentified anions

Ketoacids
\/EA
Sulfates

s EXOQgEenous erganic unidentified anions
Salicylates
Methanol
Ethylene glycol



Unidentified Anions
Unidentified Cations

Unidentified cations
= Endegeneusiorganic cations
Amines
s EXOgenoeus organic cations
Tjexins
Drugs
Detect unidentified aniens/cations
= Numbers don't “add up’”
m “Gap”
AG
) (€

s Occurrence of unidentified cations
Can mask the presence of unidentified anions



Differential Diagnosis
Metabolic Acid-Base Disturbances

Free water
= Reflected in [Na]

Chleride — Inerganic SID
Organic aniens

Organic cations

Albumin level
Phosphate level



Changes SlDa

SID acidosis
= Renal tubular acidesis
a Glt - Diarrhea

x latregenic

SIDralkalesis

= Glt

a Diuretics/diuresis

= Compensation fer respiratery acidosis
= Patholegic renal leses

= Na'leading — I1atregenic



SIG Acidosis

Multiple sources
= D-lactate

= Intermediary metabolites
Ketones
Sulfates
= Exogenous administered
Gelatins
Acetate, gluconate, citrate
= Acute phase proteins

= Other inflammatory proteins
Cytokines
Chemokines
Other mediators



SIG Acidosis

Accumulate - renal and liver dysfunction
= Magnitude of the inflammatory response
= Presence of organ dysfunction

Prognostic significance
= Lactic acidosis

= SIG acidosis

= Hyperchloremia

= Respiratory acidosis



Metabolic Acid-Base

Disturbances
Abnormality | Acidosis Alkalosis
Abnormal SIDa
"% Water excess = Water deficit =
Free water excess/deficit L= :
dilutional contraction
} SID +|[Na*] T SID 1[Na*]
Chloride 1 SID 1[ClI] 7 SID +][CI]
UA (e.g. D-lactate, keto acids) | | SID 1[UA"] —
UC (e.g. organic cations) — 1 SID 1[UCY]
Abnormal Buffer Base, SIDe
Albumin [Alb] TAlb] L[AIb]

Phosphate [Pi] TP1i] L[P1]
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