Overview
- Body buffer system
- Acid-Base disturbances

- Treatment

Definition
- oylsfmudilyf proton (HY) ¢ Adu “nea” ex HCL = HF + CU
- azlsfmudisuld Mdu A7 ex. HCO, + HY = H,CO,

- dwlivsesudle Aagvimthadu “buffer”

Introduction
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Acid-Base Disturbance
ouselay wey 235U wadws
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ussenelng G.UW.Q@@ LWENK\!

- diesiide Tuusaztu nsaflesnunanwaduasisniudily Ae 40 - 80 mmol/day

P~ o

- lwvamifeniu pH WWueagieurensinwissdures proton ogfl 35 - 45 nmol/L

- e Tulkaz JunIniiasneeeninaneInIezaIn oxidative phosphorylation aniwadniuasy

Yaadyennun Useua 40 — 80 x 1,000,000 nmol/L

Siggaard — Andersen Acid - Base Chart

ANuduRusyeensa wa pH Wuluau nomogram eauiuinduwdulas lladuidmils duuseans

Pranthilaldfiaumenn mszaztdunsiillidosdh anunsaluilagld

ludadudulae? Amsizanuduiusidu logarithm

pH  =log1/[H"]
= -log [H*] ; proton %u nmol/L
=-1og 0.00000004 Eq/L

pH =74

pH is inversely related to [H'] = H7) pH T, H1T pH|

- AuddyegfiAn pH f1A1 pH WasuwUadluiiabes vaneanudne [H] asldeuliiwesudd wu pH 7.4 =

0.00000004 = pH 7.1 = 0.00000008 Ay 2 wh usen pH anasilalfien

- delusfsudian pH Wesuuluain 7.35 - 7.45 dumneainuin anudunsaaavdsuluioesudn
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Acid-Base Regulatory Systems

1.
2.
3.

Extracellular buffer and cell buffering
Respiratory compensation > lungs

Renal acid secretion = kidneys


http://www.jpp.krakow.pl/journal/archive/09_05_s4/gfx/rys1901.jpg
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The Big 3 of pH Guardian

Distribution
and extra-
Collular
buffering

- aundddnluan acd WhlU dusniivhausiuiife extracellular and cell buffering Aesnfagiuntiives
respiratory compensation %38 lungs fiagvimiiniila volatile acid 1U wdsantdudn 2-3 Ju lefazdunsn
29N

Buffer Systems
[ a o w 2/

- uwvadu 3 systems SesaduauANNLTIININ U TeY

1. Protein

2. Phosphate

3. Carbonic anhydrase (Bicarbonate) - #31u3uyn 33iUsednSainuniian

| BUFFER SYSTEMS |
occur
in
ICF ECF
include include

; Carbonic
Phosphate ':3::2? acid-
buffer bicarbonate
systems, buff
including Lier

system

Hemoglobin

buffer acid Plasma
system buffers protein
(RBCs only) (all proteins) buffers

S =

CYTOPLASM @
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http://www.austincc.edu/apreview/NursingPics/FluidPics/Picture10.jpg

® Protein
- protein Tu cell Wu buffer Afun amnsaviuindilinsails Sunsanla

- HUSunanles dndiuwA 1% 9N USEANSAINASYINIULENTN bicarbonate NHIIWINNINNTI

Neutral pH
H H (0] H H (o) H H (0]
\ | // If pH rises \ | // If pH falls \ | //
N—C—C N—C—C *H—N—C—C
)/ I \ 2 / \ f / X
- + +
H R O H H R OH H H R OH
In alkaline medium, amino In acidic medium, amino
acid acts as an acid acid acts as a base
and releases H* and absorbs H*
http://www.austincc.edu/apreview/NursingPics/FluidPics/Picture12.jpg
f % buffering
B+ H* <> HPr '
- 1
HCO, + H* *» H,CO, +* H,0+CO, (a2%)
RO » H" <& HPO/ (]

® Bicarbonate
- Bicarbonate agtdulumu Henderson-Hasselbalch equation
- pKa ¥849 bicarb = 6.1 Fai931na1 7.4 1A TuninedeinUsyansninliness

- gavhnew pH ssdsuwlawnunsinnuvesauasUen

How does the HCO, /CO, system work?
CO, + H,0 — H,CO; — HCO,; + H*

pH= pK+ log ﬂ_
[HA] = [H,C0,] (o cquitbrium) = [COJpuures I

HCO,*
pH= 6.1+ log [HCOs]
[CO2)issorved

s::o: :0.03 mmoles * [HCO3']
CO,/L/mm Hg ol km:’«:o. x PCO,

CcO;]
pii=&i+log o[::; X PCO,

pH= pK+ log Kidneys
ngs
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- §EUUNNSYNIUYRY bicarb azsindule Aaiinis ventilation

HCO, = 24
pH =7.40

- Wisuifisulnensmnsanlvlussuulauaziln

Tuszuula auufind bicarb og 24 winsadly 10 bicarb agnldly 1:1 wde 14 CO, getwdu 11 uslldanunsn
suneoonluls aevld pH a0 7.4 Wil 6.2 1 cell ldanunsanusianizdi pH snn 6.9 16

widsndaeh CO, suwmeaanty pH Uuiulu 7.17 wavdrselisvmeaenludn pH aznduinil 7.29 lesainnis
197UV04 bicarb

a3V bicarb wifi19wdl pKa s wisiufiu3anamnn TasviliAn CO, uay ventilate ponly Faudumanalviiud

Uixﬁm%mwumﬁqﬂ
Respiratory Compensation
PaCO, & Minute Ventilation

PaCO2

Minute Ventilation

tH* + HCO,” <> H,CO, «» CO, + H,0

- 5¥AUYeY CO, TuldanazuUsAum i minute ventilation
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2MMARSTEI8U CO, wuazilu 0 nszaziiu CO, Mismelasenun wiesgluden Wunandnvesnisii
oxidative phosphorylation 1unsdumuthaia nansinaumelansin ag¥a CO, 16 35 mmHg July

e CO, MInMuANNAINTI8N18&519 38Ma9 ventilate eanluale minute ventilation &9

MV=RRxTV=RRx(Vt-Vd)
Inefl dead space AuUNG = 150 cc WA lungs RAUNG dead space 1nTu Ndesaveanluuniu Fudumeua

Fily TV Awsindsfondu 7 co/kg insnzliagnaiuazgniluldly dead space viun
o & o v < ' a ) Y] ' Yy v 2 = & a
ANUdNRuSTInTMdudunse slope Nf AN tan = 0.8 ApLUHUMNA 19U G1desn1san CO, asn3edls Ny

RR %38 TV Junile

Renal Acid Secretion
- Proximal tubule 3¥aAN&U bicarb
Tnemuunfsineazasiauazlisunsauszanm 70 mEg/day Afinsasnaansuiue 70 mEq uin1sgandu
bicarb Tuusiaziu azdiUsuauvindu 4,000 mEq
\egydeiseaniuanenieldug 2 mavidu fe male wag ma Gl ielvifie metabolic acidosis

Tvue91131 loss a1nmale vise Gl

Gastrointestinal losses can create acid-base disturbances

Vomiting
Loss of H*
leading to
alkalosis

Highly acidic, pH =1.0

- Secretes HCO,

Diarrhea Ok pH varies from
Loss of HCO, = 40t0 8.0
leading to
acidosis

- OuAnziinng loss A9AELEENIN Gl tract 19U diarrhea sz Tan1g metabolic acidosis @unsnagidunia
a3 Tnefl pylorus fiu TseTan1a metabolic alkalosis widn pylorus laisu asdeldu isotonic fifeide
UV balance salt solution

- dwlnajauldnesdaenssu most common Ae metabolic acidosis 310 shock Wi vital sign stable Adnay

1Ju metabolic alkalosis 310 NG loss
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Acid - Base Disorders

The Four Cardinal Acid Base Disorders

Disorder pH pCO, [HCOy]

M acidosis v e
M alkalosis
R acidosis

R alkalosis

Metabolic Acidosis
Mechanism isainnsaufial bicarb Seanas vdsualsi CO2 Fosanany tned bicarb anas 12 azvhily CO2
anas 10 %i3ed1918991 fMavaavinglue pH azwiiuan CO2 Tu metabolic acidosis i pH 7.2 A1 CO2 as1du 20
- \flelwdiae metabolic acidosis lu check anion gap L&@ud
AG = Na" - (CU + HCO3) ; normal = 10 - 12 mEg/L
Wide gap > 12 mEq/L = AAG ; AAG = AG - 12
- IfAAG> 10 - Metabolic acidosis possible
- IfAAG>20 = Metabolic acidosis definitely
- Normal gap —> Urine AG

Metabolic Acidosis: The “Anion Gap” What happens after AH addition where “A” is a retained anion
« [Na*] - ((CI] + [HCOy])
Na*+ A + Cl + H* + HCOy'

Na*+ A+ Cl +H,CO,4

Na* + A+ CF +CO, + H,0

Normal Anion gap  High Anion gap Na*+ A"+ CF

M acidosis M acidosis
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- fumeirladfiseglaih merzardulssuanuazaudiouindu Na® ifutssguanifeuoun daudszqaud
azilu CU, HCO;, protein Wag anion A4
~ #7131 anion gap Afe anion Tildaunsatals
#1 anion gap Tllgrasit Ensuusauen albumin &1 albumin 61 anion gap favkauas ns1zazmnn
albumin #3nng enavilEfildidu normal gap Tnefivsaqudenvasdu wide gap 1d
Tunsdifivin metabolic acidosis wuu normal gap fifte HCO, wigluiaes Tunsdl 1Wu diarrhea, RTA ﬁ@m
ndu HCO, lalle (Tudu
dudunsainly H agldduiu HCO, = H,CO, = CO, + H,0 anvnefiavinde anion viliin metabolic
acidosis WUy wide gap
NaNN13909 wide gap metabolic acidosis Lﬁ‘aﬂimﬁu‘ﬁu 1 HCO5 Aimsanas 1 LWiwa:ﬁ?uU%mzu‘Uaﬁ gap i

N1N9TUIN 12 ARRsaTinAu HCO, Wanasluain 24

A AG AG—-12
AHCO3- 24-HCO3

flidulumail wanshdnsaun@uninfisiald vselinsidesns weudoust

Differential diagnosis of wide anion gap metabolic acidosis
- Salicylates
- Lactic acidosis
- Uremia
- Methanol intoxication
- Paint sniffing (toluene)
- Ethylene glycol intoxication

- DKA or alcoholic ketoacidosis

® Salicylates intoxication

- History of aspirin ingestion, nausea, tinnitus, unexplained hyperventilation, non-cardiogenic
pulmonary edema, elevated prothrombin time

- Usually mixed respiratory alkalosis with metabolic acidosis

- Toxicity < 5 mEg/L - not affect AG

- Treatment: urine alkalinization = HCO; administer to maximized renal excretion
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Lactic acidosis

Type A — imbalance of O, demand and delivery, ex. Shock O, demand > delivery —> anaerobic
respiration

Type B - Malignancies (lymphoma), Phenformin/Metformin, Hepatic failure, Acute respiratory alkalosis

(salicylates), HAART, Congenital (glycogen storage disease type 1)

Uremia

Renal failure = phosphoric and sulfonic acid retention

Methanol intoxication (-ol)
Presents with abdominal pain, vomiting, headache, visual disturbance (optic neuritis)
CT brain: bilateral putamen infarction

Increase in osmolol gap

Paint sniffing (toluene or -ene)
May present as either anion gap acidosis or normal gap acidosis

No increase osmolal gap

Ethylene glycol (-ol)

Presents with CNS disturbances, cardiovascular collapse, respiratory failure, renal failure
Oxalate crystals in urine are diagnostic

Anion gap may be > 50

Osmolal gap > 10 mOsm

Diabetic ketoacidosis (DKA)

Acetoacetic and B—hydroxybutyric acid

Type | DM

Trigger: sepsis, fracture, stroke

Hyperglycemia

ECF volume depletion and renal insufficiency

Treatment: volume replacement
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® Alcoholic ketoacidosis
- Recent stopping ingestion of ethanol

- Hypoglycemia and ECF volume depletion (usually due to vomiting)

Differential diagnosis of normal anion gap metabolic acidosis

1. Gl HCO;5 loss

- Diarrhea, villous adenoma, pancreatic/ biliary/ small bowel fistula, uretero-sigmoidostomy, obstructed

uretero-ileostomy

- Mechanism

Diarrhea Causes Loss of HCO,
And a Normal Anion Gap Acidosis
And Hypokalemia

Pancreas Pancreas

Normal Diarrhea

Pancreatic fistula or transplant:
loss of HCO,

Pancreas

Skin or
urinary
bladder
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Obstructed Uretero-ileostomy Causes a Normal
Anion Gap Acidosis

lleal loop Obstructed
ileal loop

|leostomy
bag

How to differentiate GI HCO; loss from renal HCO; loss?
- History
- Use urine anion gap

- Since NH," is unmeasured, a negative urine anion gap indicates NH,Cl (acid) renal excretion

- 91 urine anion gap UM Wuuan Tiints diarrhea

- & urine anion gap lUynstne Wuau Tiinda RTA

2. Ingestions and infusions

- NH.CL, hyperalimentation (TPN) esp. arginine/lysine-rich
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3. Renal bicarbonate (or equivalent) loss

- Proximal/ distal/ type IV RTA, early renal failure, acetazolamide, hydrated DKA

Proximal RTA (“Type II”)

Defective
Na* - dependent
resorption =

- Proximal RTA Ao lyianunsaandu bicarb ¢ San8nTein Fanconi’s syndrome Aatiueanansnadensia urine

pH 1)

How Diarrhea and Proximal RTA Are Alike

Glomerulus
Pancreas

lleum Prox. tubule
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Distal RT A

ATP

ADP + P,

Hyporenin-
hypo
aldosteronism

Diabetes
is the main
cause

ATP

o
ADP +P,*

13171 aldosterone ag#n 3o Lduslalinovauss sy RTA viadls 1vi AR metabolic acidosis fatiu

1 hyperaldosteronism ex. Cirrhosis, Conn’s disease flagyilsian metabolic alkalosis

Normal Gap Acidosis With Normal Creatinine

Urinary anion gap

Negative o 9
(high NH,*) (
Gl HCOy' loss o

Proximal RTA Urine pH
acetazolamide & plasma [K*]

o | Ny
Urine pH < 5.5 Urine pH > 5.5 UrinepH > 5.5
& high[K*] & low/ni[K*] & high[K*]
| | |

Hypo- Distal RTA Voltage

aldosteronism (“Type I”): Defect
RTA(type IV) secretory or
gradient defect
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Metabolic alkalosis

| Distal K » K’ depletion

iacretion

| NH,/NH,*
iecration”

[ H'/K'
ATPase
}

| cecoHeo,
resorption

a@5U metabolic alkalosis ﬁﬁamiam bicarb Malaunn wazide chloride 1

Differential diagnosis of metabolic alkalosis

1.

Low urine CU (< 20)

Vomiting, NG suction, Diuretics(late), Posthypercapnia, Cystic fibrosis, Low Cl intake

Normal urine Cl (Chloride resistant)
Mineralocorticoidism: RAS, aldosteronism, 11-bDH deficiencies, Bartter syndrome
Diuretics (early)

Severe K* depletion
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Respiratory acidosis

Ananmsmelatios CO, &4

Acute

yn9 pCO2 fifisidu 10 = HCO, Wiudu 1

Asthma, Pulmonary edema, Drug overdose, Cardiac arrest, sleep apnea
Chronic

vn9 pCO, Mfindu 10 = HCO, Wi 3.5

CO, 7ifis aglunseAuNIgaAndu HCO, via glutamine mechanism

COPD, Obesity/Pickwickian, Neuromuscular disease (ex. Lou-Gehrig’s disease)

INSIzariunT CO, AT ABIRILATIZI HCO, LRUTU oyl pH 1wlng 7.4

Respiratory alkalosis

Ansmelaunnly wu RR, TV w1l

Acute

N9 pCo, flanas 10 = HCO; anas 2

Fear, Pain, Anxiety

Chronic

N9 pCO, flanas 10 = HCO; anas 3 - 5

Altitude, Psychosis, Salicylates, Liver failure, Sepsis (Early), Stiff lungs, Pregnancy, Neurological disease,

latrogenic (wrong ventilator setting)
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Example
1. ABG:  pH 7.50, pCO, 33, pO, 105
Na 145, K 3.5, Cl 95, HCO; 25

Tripple Ripple = respiratory alkalosis + wide gap metabolic acidosis + metabolic alkalosis

- Treatment

- Acute metabolic acidosis
Treat underlying cause
Use IV bicarbonate when pH < 7.1
Buffer agents: Anorganic ex. NaHCO; (pH 8.0), Na,COs (pH 11.7), Organic ex. THAM (pH 8.4), Mixtures
ex. CABICARB (pH 9.6), TRIBONATE (pH 8.1)

Chronic metabolic acidosis

- NaHCO; capsules

Acute metabolic alkalosis
- pH> 7.55 = Emergency
- Treated with NSS and K to restore volume and salt deficits

- Acetazolamide in severe case and HCl in extreme cases

Chronic metabolic alkalosis

- K'-sparing diuretics: spironolactone

Summary
1. No overcompensation
2. Metabolic acidosis
O Last digit of pH = CO,
O Wide gap 2 AAG
O Normal gap -2 Urine AG
3. Metabolic alkalosis = urine chloride

4. Treatment is to treat causes, not the numbers



