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Acid base balance
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Acid base balance

Acids
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pH of arterial blood
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BICARBONATEBUFFERSYSTEM

CO,+ H,0== H,CO,== H* + HCO

Addition of lactic acid
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Continue
COz2 (gas) «—» CO2 (water ) + H20 «—» H2CO03 «—»
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How does lung control CO, level?

Shifting the equation to left . H.Co; — Con s How
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Acid base regulation
i »3.35- 345
Maintenance of acceptable range of PH in ECF is

accomplished by 7/:7¢c mechanisms.
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Reacts Rapidly minutes to hours .

G)Renal regulations i weoy
Reacts Slowly Hours to days.
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Acidosis/alkalosis

# PH changes has dramatic effects on cell
functions.
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Accumulation Loss of
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Henderson-Hasselbach equation
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The pH is Dictated by Kafio of HCO:s to COx.
I ratio is 20 :1 PH is 7.4. notmaly
Increase HCO:s increase CO: to keep ratio constant. v =9
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H,CO, : Carbonic Acid
HCO;" : Bicarbonate Ic
(Na*) HCO;-
(K*) HCO;-
(Mg**) HCOy
(Ca**) HCO;

-metabolicbalance beforeonsetof acidosis
-pH7.4



Respiratory Control Mechanisms:

in Alkelonis lesddo b rate and L, o1 Acidosis lead 4o A rade and depih A boe.o\-\\«.'ma...
dep oF Lrea-\-\«iva.-

Works Within Minutes to control pH : maximal in 12-24
hours.

@ about 50-75% effective in returning pH to normal .

Exces ' n the blood act directly on respiratory
centers In the brain, carotid body . cac or cheme reenpios?)

CO, readily crosses blood-brain barrier reacting w/ H,O to
form H,CO;

H,COj; splits into H" & HCO;™ & the H” stimulates an increasesl
or decrease in respirations.




Renal control mechanisms

C wean Ket )
Don’t work as fast as respiratory mechanisms , functions

or Dazs to restore PH to normal level .

A .
Regulate PH through exerting Acidic or Alkaline urine ,

excreting excess H' , and Regeneration and Reabsorptior
of HCO;.

£xcreting acidic urine decrease acidity of EC fluid, n

xcreting alkaline urine remove base_, i 4w metubele
a\Ka\o sy O~




”I”” Normal Arterial Blood Gas (ABG)

Lab Values:
o Qrom Radial oc Bememl A A

1 Arterial pH: 7.35 -7.45 [ #4140+
J HCO;: 22 - 26 mEQ/L c24]
1 PaCO,: 35 —45 mmHg r 4o0
1 TCO,: 23 — 27 mmol/L
. 0Pa0,: 80 =100 MMHg « w0 e e
. *‘SaOZ: 95% or greater (pulse 0Xx) .83 <ol suddenly 4 Puor
Rase. e ficit i-Base Excess: -2 to +2 rx30~ S de crmmsed 3 OT -
1 Anion Gap: 7 — 14 (3-127+~

i VEN O B\uﬁ‘ 1= 95 mm H-a




ACIDOSIS / ALKALOSIS

cidosis and Alkalosis are categorized as V/erabolic or
espiratory depending on their Primary Cause.

N Metabolic Acidosis and Metabolic Alkalosis

~aused by an imbalance in the production and excretion of
\cids or Bases by the Kidneys . (HCa™

. . . : v
¥ Respiratory Acidosis and Respiratory Alkalosis

Caused primarily by Lune or breathing disorders.

k01 vt breath o Ao, [Cresp: avdersin D 1 BNA#W-n\—o wuswna out the Cor—{Cor—prerp. AlKalosis.
dvedo emphysema - asthma- J e , . .
o Braciure -edc NB : 90% of ICU patients has Acid base disturbance

I8 ('N;AL Camman 1~ LCU 04..




Disorders of Acid-Base Metabolism

\oc ¥
[s due to lake of balance between rate

(OProduction of acid and base . whad ever 4w cawse -
(2)Body ability to compensate. C lung- kidney de fense?) .

o f- nelic ocidnr Sid..

L :Rapid rate of production of acid or base , or defect
. physiological compensatory mechanisms.
(s sheck « em(*jema
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Metabolic aCIdOSIS mey e i suigery-

L. so duwe 4o lachic otrdo 8y CShecie ) —» mcc ...
TAY )

® Increase acid production
me. i Satgicn 0y endogenous acids
Swiaial 4o pic \Shock (lactic acid). dve 4o hematthose o RTA of sepsis [ang ype o gheck...
Diabetes (keto acids). as dkAa.
Renal failureqSulfuric, Phosphoric acid) . -~

exogenous acids n Poitning ..
Methanol , Ethyl alcohol.

@ Increase alkali excretion(GIlT-Kidney)
Jiarrhea, small bowel, pancreatic fistula.
Jretro — sigmoidostomy.

Renal tubular acidosis .

TM Jopic c—[




What is the most common cause

M A in surgical patients?
¥ Y YA ‘J&- M\bt.\-t- atidoris ... . .
"Shock & Sepsis)—> Decrease tissue perfusion —

lactic Acidosis ——> Anaerobic metabolism — 5
wide anion gap. .~

= Severe anemia.

" Severe hypoxemia.



What is anion gap(AG)— urmensued acids-.

L' D)) oh - NA(OW -

‘i % nofmal a\burmin = T
Definition
L\_(_} is the Difference between measured
5 ® ° cY
Nv‘; <>Cations and measured Anions. ., -

AG=Na-(Cl-+HCO3)=8+4 MEQ /L
(Yo - ClOS+ 2\ ) = -12 .
Increase acid production increase AG. >

lg %‘fo- '3 »\3?6 albumi nem io

. Cwide?)
Ve -1 o sode « INcrease alkali loss normal AG.
. AV A\ |'J
a-ap is normal ... \/3 ° St i <8
NE : Hypo albuminemia Reduce AGC,,,.«..»:)
e ¥ < Each 1 gm decrease albumin decrease bz ] b
gape by 2.5.

S e n gay — L HCoy [T un memsned Aids)-



Anion gap metabolic acidoSIS o g-p cuvies-

ourP , tgpr LMUD filers D
Viethanol ¢eiseiny -

~Uremia
W ketoacidosis

Propylene glycol

soniazid vsed i» TH..

' Lactic acid ~

= Ithylene glycol
Rhabdomyolysis

- Salicylates i civie-
Lo Aspitin Foric *a



Non anion gap metabolic acidosis

L nofmat  Cless o A \Ka\i .- CFWsED CARS )

‘istula (pancreatic): « i
LIstuia (p

Uretro - enterostomy.
tSaline administration..~

<

'ndocrine (hyperparathyroidism).
Diarrhea,

(Carbonic anhydrase inhibitors.
Ammonium chloride

Renal tubular acidosis
Spironolactone



Symptoms A Acidasis..

Lethargy«headache. .
(Y WCos™ — washont Deep rapid breathing |ussmaul’s \breathing..—
er S cardiac arrhythmias , Decrease CO. (weak heerk OninGhlingd
depression of CNS, Coma.  Lewerien th piobler

L, Ludar...
Teatment
Treat the Cause ..
In severe cases give NaHCQO; [~ v give 14 Foe \Be Saving Tnod foukindy wied

|

PH less than 7.2 .- ]_. oy 4o ot ¥ hend
Hco, less than 12

On*m(fh\; \-a



EFFECTS OF pH

¥ The most general effect of pH changes
are on enzyme function

M Also affect excitability of nerve and
muscle cells

l pH | l&Excutablllty

A 4 [au dasis D . a;e mus cle al"\ll eive Cl\s -

' Excitability

L’ﬁ)\\m\ A7)



003X Wt X Base DefiCitﬂ natmal \-\'Coz- - meu&«ld Plasrma \-\Co;

Y -\ lRheex)=10

0.3x70x 10 =210mEq/l NaHCO,

P2 hewtd )y A5 5

& Give half over 20 minute, rest over 4 h -7 1ce;

8.4 % NaHco; 1ml= 1mmol

4.2 %NaHco; 1ml=1/2 mmol

/O';’/‘P’a:"’k O._.-—6 X wt ). (15 - plasma HCO3')-—-’U\$LD‘ in Severe meabelic aCide s

nereaal \ewed N RCO3 I BT Loap v i

Bt e give A PR dose sl HLO

3o owte Come XV Severe metmbelic
QCCJJ Y .o



What is compensated MA — &ty

* Look for paco: » expected pco: > < 4o

S N

1.5 x HCO; +8 Poe exomple = \.5 XS 4 8= 1,1__ CPot

P«Cz) -~

e-
Yes comﬁensated MA. v~

No added Respiratory Acidosis.
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Metabollc ALK ALOSIS — meinty medicnt 4opic encept Hie

verni \.ma = Wi
L'ma nla dwe Yo Py Waéve obsy.

s " Loss of acid from GIT, or Kidney Chloride  insayesy
R\ &,
A (Vomltlng, Over diuresis , Ascites) . nc | Sensitive
Y uliwve als Y- ¥ %3 & &“L\ dalee \ws¢ —
oled o sensivive 2 Diuretic therapy
——

ﬂd‘““’\ e M%))‘U\’J @ e ® 0 ® s

Saline.. = Excessive alkali Administration Chloride
o Bud wine acd | ™ Massive blood transfusion Res‘lﬁtancc

me e e L5 .. & Severe K depletion % 4L nafmal Saline had @~ 154 » mol
C ¢\~ resisdun .. . _ A Nt and 15U mmel e OV

o) res pondd ¥o -5 Mineralocorticoid excess
Sa O\dodSYeq ne

nofmal Saline owd

wnploned Whon we dread
I Cmmde..



Patient with alkalosis is always K Deficit

K move into cell Cso in Awcatonis alwseds +here i3 Hype Kinlemia .-

L ~
K is lost in urine
H* move do £CV
Lo ex crutes loy yn idney-
S0 always give potassium

Urine should be adequate first.




Symptoms ﬁg A \Xald;y [rmedanboolie™)

Lo&ﬂmfhmd'! L. J,p\msplfw\'- beot w\N«tJ
Jue 4o VO
Increase neuromuscular excitability , parathesia.

Carpo - pedal spasm.

Keynes -stokes breathing with period of apnea 5-30 s

P"“b RS Arrhythmlas.
Muscle weakness paralytic ileuas. du4 & «*

Decrease cerebral blood flow confusion.




What is paradoxical aciduria ?

—L3f A e is AlKalaris widh okidic ofine ...
Cvomi\y%f\“j

farly i?yloric obstruction patient is loosing acid,

kidney/excrete HCO3, so urine is alkaline. i~ e~'y s2-
lesed Yo maluloolve a\ Ka\adis

J CIw nqj'e:b""-d p-\-j
Later, volume depletion, Hypokalemia, lead

. .
WAt ) As . :
iIncrease K Reabsorption and H secretion

leading to paradoxical aciduria .
naiCnde \ode Shwane " pa\o((c Slenosis Cv

°m:‘-'.n\] J-e



Treatment of metabolic alkalosis

R‘_—\

/’ ;
Wost of alkalosis is Volume Responsive. Jute vomiting Ty WOV

[reatment by volume expansion by NaCL |— < sensiiive

1dd \K CL \
PaC Og in metabolic alkalosis is\ 0.7x HC Oz +4()

o Palon I o.:]-L\':?A W @ b HCos I\ | QW) v




Respiratory acidosis

L, 4n £} unable Yo breath T4 pacor - PRI
Retention of CO2 | (alveolar ventilation).

air way obstruction , pneumonia, pleural effusion, fracture ribs
asthma .

Depression of respiratory center  (Morphine -CNS injury)
Upper abdominal incisions. p=s op & anasiresco oibsile

“Tense ascites, distension.
) T AW Qi \0\"‘“3"‘ Cord Meve davsn — X -

Large PE ,fever.

Myopathy.




Symptoms of respiratory acidosis?

C_OZ NAECOSIS —3 (P2 > 65 -Fo mm Hye.

 Headache , blurred vision.

s —

* Anxiety ,restless , tremors.

”

 Coma.
[



RESPIRATORY ACIDOSIS

' Decreased CO, removal
can be the result of:

1) Obstruction of air
passages

2) Decreasedrespiratior
(depression of
respiratory centers)

3) Decreased gas
exchange between
pulmonary capillaries
and air sacs of lungs

4) Collapse of lung




RESPIRATORY ACIDOSIS

A Coa e enkion-
) Obstruction of air passages . aspiriion- e dems -

» Vomit, anaphylaxis, tracheal cancer

Trachea

Tumor




NECOFINMNAITUNT AVIDUVOIIVO

v 2) Decreased Respiration —« 10+
A Shallow, slow breathing Cecy 4-ssec dake s brestiedo

A Depressionof the respiratory centersin the
brain which control breathing rates

® Drug overdose | invibit A ced ¢ Gonder




RESPIRATORY ACIDOSIS

v 3) Decreased 3 i

gas exchange

between
pulmonary
capillaries and
air sacs of lungs

N Emphysema .-
M Bronchitis .-

A Pulmonary
edema




RESPIRATORY ACIDOSIS

7 4) Collapse of lung rmesive mmetnars

ACompressuon mjury, open thoracic
wound

Leftlung
collapsed
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Respiratory alkalosis

Hyperventilation capid Btk ts wath ewd ¥ Coe.
* Fever, pain , sepsis. ryrar 2

* Assisted ventilation.

* Head injury.

* Respiratory center lesion stroke, tumor
* Hysterical. ~< i~ €&

.\ "7 1 Salicylate poisoning.
* Hypoxia, hypotension high altitude.

* Pulmonary embolism. — i 4 small lead bo reipe Aliais
(2 i} large lead o rEIP acidasis ..



