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Aclid-Base

Introduction/ RIStoric perspective

Teols for acid-hase analysis
s Base Excess
= Buifer base — weak acid buffers
= Anion Gap
s Strong Ions — SID, SIG

Metabolic acid-hase abnormalities
a Free water
Reflected in [Na]
= Chloride — inerganic SID
= Organic anions, Organic cations
= Albumin level, phosphate level

Differential diagnesis off metaholic disturbances


http://eceim16.nicuvet.com/

-Base Disorders

Acid




Acid-Base Abnormalities

Alterations In acid-hase halance

LLess important than the
patholegic abnermalities
causing them




Acid-Base Abnormalities

Fatal diserders

s Extreme (e.q., pH <7.0 or >7.7)
x Develops quickly

= Direct cause of organ dysfunction

Harm because of the patient's response
= Respiratory muscle fatigue
= Diversion of bloed flew from vital ergans

= Acidemia
Increases adrenergic tone
Increases myocardial oxygen demand



Acid Production

Primarily: CO%5
s 150 to 250 mEg/kg/d of carboenic acid
s Hemoglohbiniis major buiier
“Haldane” effect - H* bond, HCO; to plasma (Cl shift) — 65%

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

= 30 to 40 mEa/kg/d

a \Variety ol acids
l-actic acid
Tricarhoexylic acias
Keto acids

= Produced/ metabolized to CO,



Acid Production

lnerganic acids

= H,S0,

= H,PO,

Urinary: excretion acid

x 1 t0 2 mEg/kg/d anions



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 bleod buffers

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

s Assumptions
Pco, of 400mm Hg
Temperature 37°C
Noermal hemoglohin
Fully saturated bleod

Titration expernments
x Nomograms
x Fermulas



BE
Lactic 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

Buiffer space
s 1/3 normal hemoglehin

ASsumptions

= Norma
= Norma
= Norma

nemoglobin
vascular/ECFE ratio
nonvolatile butter

SBE ., — Aloumin; PO,



Septic shock, NE
pH 7.195

Pco, 26.4

SBE = -15.9 mmol/L
Na 134.7 mmol/L
K 4.68 mmol/L
Cl 102 mmol/L
(8 e .8 mpdD 12

Mg 0.44 mmolL

Lac  16.4 mmol/L
PO, 2.38 mmolL
Alb 23 g/L
Glob 20g/L
HCO; 10.3 mmol/L

mEq/I

=l e
134.7
4.68
102
2.6

0.88

16.4
4.34
72
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 Acid' Butfer

Volatile Weak Acid

= H,CO, & H* + HCO,
Nonyvelatile Weak Acids, Aot

= Hemoeglehin
x Albumin (& Glekulin)
= lnerganic phesphate

Weak: acids
= pK, act as buffers



Cations/Anions
Weak lon Acid Buffer

PO,
A | Alb Hb

HCO,

Cations |,.. Anions
Cl-




Calculating mEg/I

Alb™ = (Alb) x ((0.123 x pH) — 0.631)
= Albr= 0.28/x Alb
= Horse: Albr = 0.225 x Alb [g/L]
x Horse: Glehr = 0.14 x glob [g/L]

PO, = PO, x ((0.309 x pH) — 0.469)

s Horse: PO4: = 1.83 x PO4 [mmol/L]


http://nicuvet.com/nicuvet/nicuvet_014.htm
http://nicuvet.com/nicuvet/nicuvet_014.htm
http://nicuvet.com/nicuvet/nicuvet_014.htm

Neonatal

Encephalopathy

pH [,295

Pco, SV

SBE 52

Na 140 mmol/l
K 3.51 mmol/l
€] 103 mmol/I
Baiv 1.5 mmol/L
Mg  0.45 mmolL
Lac 7.1 mmol/l
PO 2.0 mmolL
Alb 21.8 g/L
Glob 16.2 g/L

HCO,

25.9 mmol/i

mEq/I

Buffer Base

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

Kr=3.51

BOf =34
Alb™ + Glob= 7.2

HCO, = 25.9

3.51

103 Lac=7.1
3

0.9 Na*

741 140 Cl-
3.7 103

4.9
e

25.9



Anion Gap

Cations = Anions
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

(Na + K) — (Cl + HCO3) = AG

K+

Na*

tAG

Albr
POA-

HCO,

Cl-

A_

H+A

ANIons



Birth Asphyxia

pH
Pco2
AG
NEL
K

Cl
Y
Mg+
Lac
P@,
Alb
Glob
HCO,
SBE

7.009

62.4

21.9 mmol/L
131 mmol/L
4.82 mmol/L
98 mmol/L
1.65 mmol/L
0.53 mmol/L
14.5 mmol/L
1.61 mmol/L
27.8 g/L
19570 e

15.9 mmol/L
-13.3

mEq/I

FLSH
4.82
98
38
1.1
14.5
2
6.3
A/
15.9

Anion Gap

Mg+ = 1.1
Ca*=33
K*=4.82

Nat
131

AG =219

Cl-

98

Lac =145

PO, = 2.7
Alb + Glob = 7

HCO, = 15.9



Anion Gap

Unidentified cations

m Catt, I\/Ig++

= Amines, many adrugs

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

= High levels could mimic presence of UA

Corrected AG

= Corrected for Alb and PI values
Acid pH



Stewart Approach

Principles of physical chemistry
s Electrical neuitrality.

» Dissociation equilibriums

a Conservation of mass

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

- Pcoz



Strong lons

Inerganic

s Na*, CIf, K¥, SO4>, Ca’*, and Mg*
Organic

= [Lactic acias

n [ricarhoxylic acids

= Keto acids

Streng erganic anion
= “footprint™ or “ghost™ 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/L
Cl 102 mmol/L
Cas 1.28 mmol/L
Mg** 0.53 mmol/L
Lac 4.8 mmol/L
ROy 1.34 mmol/L
Alb 49 g/L

Glob 7.6 g/L
HCO, 28.6 mmol/L

SBE

4.7

mEq/I

137
56
102
2.56
1.06

4.8
2.4
11
1A
28.6

Strong lons

Mg** = 1.06
Ca*t=256
K*=38

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++

Cat A:
¥ SID, HCO.] SID.
HCO;;
h N
Cations |,.. Anions

Cl-




SIG

SIG = SIDa — SIDe

SIG = 0 — unmeasured aniens
m Sepsis
= |Liver disease

= | lactate Is not part of SlDa, D-LLac
Most common cause of 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 aloumin, phesphate



Intrauterine distress
Birth asphyxia

pH
RGO,
SIDa
SIDe
e
Na
K

Cl
Gat®
Mg*
Lac
PO,
Alb
Glob
HCO;,
SBE

6.791

59.6

62.9

32.9

30

142 mmol/L
4.13 mmol/L
88 mmol/L

1.37 mmol/L
1.02 mmol/L

?? mmol/L
8.98 mmol/L
29.710/[8
7. g/l

9.2 mmol/L
-22.5 mEg/L

mEq/I

SIG — UA

Mg+t = 2.04

Cat =274

K*=4.13
142
4.13
88
2.74 N3+
2.04
29 142

16.4
6.7
2.4
9.2

SIDa
62.9

UA

SIG =30

SIDe
32.9

-22.5

Lac = 30

Cl-
88

PO, =146

Alb + Glob = 9.1
HCO, = 9.2



Case 91645

pH
Pco,
SIDa
SIDe
SIG
Na

Cl
Calts
Mg+
ssLac
A9}
Alb
Glob
HCO,
SBE

7.088

45.9

43

34.3

Gl

135 mmol/L
4.23 mmol/L
81 mmol/L
1.06 mmol/L
0.53 mmol/L

18.6 mmol/L
6.63 mmol/L
28.9 g/L
17.1 g/L

14 mmol/L
-15.2 mEqg/L

mEg/

135
4.23
81
24112
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

PLDA 68.3

SIDa 39.6

SIDe 50.6

SIG -11

Na 137 mmol/L
K 3.73 mmol/L
Cl 102 mmol/L
Gar 1.16 mmol/L
Mg** 0.42 mmol/L
Lac 1.3 mmol/L
PO, 2.18 mmol/L
Alb 182" fllr
Glob 24.8 g/L
HCO, 39.1 mmol/L

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
137

3.73
102

2584 Na*
0.84 137 I

Lac=1.3

by
3.98 102
4.1
C !
39.1







Metabolic Acid-Base Abnormalities

Free Wwater
= Dilutionall AcidesIs

s Contraction Alkalesis
Hypoechloremia/ Hyperchloremia
Unidentified Anions/ Unidentified Cations

Albumin/Phoesphate concentrations



Na = 136
K=14

€ le=*1¢]0)
SID'=40

Dilutional Acidosis

Free Water
K+
3.3
Nat I
1 83.3

Add 20% water
Na = 113

K= 3.8
©0l7=288:8
SIPI=133



Dilutional Acidosis

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

= Dilutional acidosis

Any esmotically’ active particle
» Increase velume of ECE, no change in charge
x Mannitel (lbefore the diuresis)
x Hyperglycemia
x Ethylene glycol or methanol poisoning



Na = 136
K=14

€ le=*1¢]0)
SID'=40

Dilutional Acidosis

Saline
K+
3.3
Na* I
139 109

Add 20% saline
Na = 139
KE=F3' B

Cl = 109
SIDEteeRe



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 velume

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




Dilutional Acidosis

Dilution efiect

s Depends on the SID of added fiuid

= Amount 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,

x Alkalizing effect



FIRS, Sepsis

SIDa

SIDe

SIG

Na 137 mmol/L
K 3.8 mmol/L
Cl 102 mmol/L
G 1.28 mmol/L
Mg** 0.53 mmol/L
Lac 4.8 mmol/L
EEF 1.34 mmol/L
Alb 49 g/L

Glob 7.6 g/L
HCO, 28.6 mmol/L

SBE

4.7

mEq/I

.7
43.2
ES.9
187
he
162
2.56
1.05

4.8
2.44
11
L. #
28.6

Free \Water

33

Na*
137

SIDa
37.7

SIDe
43.2

Cl-
102

PO, = 2.4
Alb + Glob = 12.2

HCO, = 28.6

Lac=4.8



FIRS, Sepsis

SIDa

SIDe

SIG

Na 137 mmol/L
K 3.8 mmol/L
Cl 102 mmol/L
.19 1.28 mmol/L
Mg** 0.53 mmol/L
Lac 4.8 mmol/L
e, 1.34 mmol/L
Alb 49 mg/L
Glob i/ 16 gl

RE@, 28.6 mmol/Il
SBE 4.7

mEqg/L

8444
43.2
2.5

134
3.8
102
7856
L.05

4.8
2.44
IL1;

et
28.6

=" Free Water

30.1

us  +209%0 water

-4.4

110
3.04

82 S PO, = 1.96

2.04 SIDal [SIDe Alb-Glob-=9.7

0.88 30.1|(34.5

HCO, = 22.9

3.84

1.95 N
33 Na

0.88 110 Cl
22.9 82

Lac = 3.84




Na = 136
K=14

€ le=*1¢]0)
SID'=40

Contraction Alkalosis

Na*
170

Cl-
125

Contract 20%
Na = 170
K=5
Cli=x125

SID =50



Hyjpochloremia
Hyjperchloremia

Normal renalihandling of Cl

= Renal acid-base control
x Adjust SID by excreting Cl without Na
= Diet — equal Na and Cl

Abnormal renal handling of Cl

= Renal Tubular Acidosis

= Renal tubular disease



Hyjpochloremia
Hyjperchloremia

Hyperchloremic acidesis

= Non-renal
Gl losses Na
Excessive saline therapy.

= Renal
Renal compensation
RTA

Hypoechleremic alkalesis

= Renal compensation

x Chloeruresis (furesemide)
x Gl'loss Cl

s Contraction alkalesis (loss of free water)
Glucoese diuresis



Unidentified Anions
Unidentified Cations

Unidentified anions
= |-lactate
= D-lactate

s Endoegenous unidentified aniens

Ketoacids
VVEA
Sulfates

s EXOgeneus erganic unidentified anions
Salicylates

Methanol
Ethylene glycol



Unidentified Anions
Unidentified Cations

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

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



Albumin/Phoesphate Concentrations

A+or, BUlfer Base, weak acids

Metabolic acidosis

= Hyperphoesphatemia
Renal failure, catabolism

s Hyperalbuminemia
Hemoconcentration
Plasma/albumin’therapy.

Metabolic alkalosis
x Hypoalbuminemia

Neonates
= Hypoalbuminemia
= Hyperphosphatemia



Differential Diagnosis
Metabolic Acid-Base Disturbances

Free water
= Reflected in [Na]

Chloeride — inorganic SID
Organic aniens

Organic cations

Albumin level
Phosphate level



Changes SibDa

SID acidosis
= Renal tubular acidosis
a Glt - Diarrhea

x latregenic

SIDralkalesis

= Glt

s Diuretics/diuresis

s Compensation for respiratery acidosis
= Patholegic renal leses

= Na leading — I1atrogenic



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



Mixed Acid Base Disorders

One obvious disturbance
= Inappropriate compensation
= Separate primary disorder

pH can be normal
= Disorders cancel other's effects

Compensation

= P..o, and HCO,; change in the same direction
= Could be a mixed disorder

= EXxcessive, insufficient, or appropriate



Mixed Acid Base Disorders

Common In critically 1ll patients
= Can lead to dangerous extremes of pH

Four factors that determine pH

= SIDa excluding lactate

= Lactate plus and other organic anions (UA)
= Abnormalities in the buffer base

= Respiratory component



Mixed Acid Base Disorders

Abnormalities of the SIDa (not lactate)
= Chronic — time to develop and correct

= Appropriate renal compensation

= Primary abnormality

= Na+K and Cl| concentrations
Renal
Placental
Gastrointestinal



Mixed Acid Base Disorders

Lactate, other organic anions (UA)

= Abnormal intermediary metabolism

= Can develop rapidly and resolve rapidly
= Imply underlying pathophysiologic forces
Abnormalities in the buffer base

= Levels of plasma proteins and phosphate
= Reflect underlying pathophysiology



Mixed Acid Base Disorders

Respiratory component

= Normal respiratory compensation

= Underlying neuro-respiratory abnormalities
Examining each part of the puzzle

= Why pH Is normal or abnormal

= Understand underlying pathophysiology



Acid Base Disorders

Prognosis
= Underlying cause more important than degree

= Not all acidosis equal
Dilution
Poisoning
Hyperchloremia
Saline infusions
Dysox - lactate production
Sepsis - lactate production



Metabolic Acid-Base

Disturbances
Abnormality | Acidosis Alkalosis
Abnormal SIDa
"% Water excess = Water deficit =
Free water excess/deficit L= :
dilutional contraction
| SID +|[Na*] 1 SID 1[Na*]
Chloride | 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] TAIb] L[AIb]

Phosphate [Pi] TP1i] L[P1]
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