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pathophysiologic approach
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Arterial Blood Gas

 PH /.55
* PCO2 52 mmHg
* Bicarb. 45 meq/L



ey £
& v ]
2 #
P oy
“Ohgry o2 W

Past history
sl SO Ca s 5 e (sl Al Hl )
A S3 ) NSAIDS

ﬁm\_.\d\.,n)aclmﬁ UAJAGA\SJ.\JAL_\XQMUM
Sl 0 g il L

O )9 gl

CAL5lE ) 5 eSSl



B R
"Otnyy g WP

SIS 5 peaite 4djha g3 (s )8 Ik A 4ndl 3R gl
Jd 4088 ga 1Al (gl 48y Hhall 4] jals aS a5l 10 5 9¢8 sla st

il



I.\c_'.-.."-h-_ S ;
it [ ] [ ]
21 ) Medications
& S — .'.1.-:."?,-'

Box 1. Home madicalions

Alendronate (oral), 35 mgiwk

Amlodipine (oral), 10 mg'd

Aspirin (oral), 81 mg/'d

Calcium carbonate/vitamin D3 (oral), 600 mg/400

units 2:x/d
Lisinopril (oral), 5 mg/d
Magnesium oxide (oral). B0 mg'd
Omeprazole (oral), 20 mg'd
Sodium polystyrena (oral), 30 g/'d”

‘Formulation changed from liquid to powdear 1 month prior 1o
admission.
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Lab. data

Tabls 1. Patiant's Laboratory Data Beafora and at Admission

Sodium, mBEgfL

Time of Test

5 mo Frior to

Suodmission

5 wk Prior to At
Acdmission™ Sodmission

Fotassium, mEgfL 53 <.8 2.0
Chiloride. mibBgL 101 e a2
Seum COs.. mEgil 27 =5 G S
Calcium, mgrdl 0o Mot pertormed B3
Fagn=asiumm, megsdl 1.& ot Eearforrmed 1.5
SAlburmin, gidl 4 1 ot Eearforrmed F.0
Creatinins, mgddl 1.36 1.2 o &3
elGFR" . a5 42 57
— =l o M0 o
L= |piH T Mot performed T
Liriime= chiloride, kot paerformed  RMNof pesformmed a5
mBEgflL

aCR, mgfg

ot Eearforrmed kot performmed

Mofe: Conversilon factors for wnits: cslchom in o mgfdL to mmols
L, =0_2485; magnesium in mEgL to mmolfdl. =0.5; creatinine in mgs
diL to prmoll. =8BE 4 UWACH in mgdg o migefmmirmeal. =001 13,

Abbreviations: eGFH, estimated glomserulss fibration ratec LS&ACH, urires
slbumin-craeatinine ratio.

"Laboratory tests were pesformed 1 wesk prior to the change in so-
dium polysiyrens formulation.

"Calculated acocording to the Chronic Kidney Dissasse Epidemiology

Caollaboration.
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Generation of MA

Table 1. Metabolic alkalosis: Mechanisms of generation

Ingest and absorb or infuse NaHCO; or NaHCO; precursors (ie., Na acetate, Na citrate, Na gluconate)
Distal renal tubule HCO; generation through enhanced H secretion
Generous delivery of NaCl {or other Na salts such as Na,50, or Na penicillin) to distal tubules/ collecting ducts, which are actively
reabsorbing Na'
K" depletion (shifting H" into cells)
Remove HCl from body (vomiting /nasogastric suction/ chloride-rich diarrhea)




(1) Maintenance of MA

Table 3. Metabolic alkalosis: Mechanisms of maintenance

Increased proximal renal tubule HCO; reclamation
Extracellular fluid contraction
K™ depletion

Continuous or intermittent generation of new HCO,
In distal kidney tubules and collecting ducts
Gastric HC losses
Exogenous alkal:

Reduced HCO, filtration: reduced GFR/kidney failure




- Causes of metabolic alkalosis

e ECF volume contracted:

urine chloride <20megq/L

* ECF volume expanded:

urine chloride >20meq/L

e ECF volume contracted:

but urine chloride >20 meq/L

e other



(&9 Urine PH

* Elevated urine PH

* Alkali load

* Resolving metabolic alkalosis
* Very recent vomiting

What next?

nothing
(all other causes of MA associated with aciduria)



Urine chloride

* Differential diagnosis according to urine chloride

\
| |

U CI- high U Cl- low
> 20 meg/L <20 meq/L




Urine Chloride high

ECF volume expanded:
urine chloride >20meq/L

Primary hyperaldosteronism (unilateral adenoma / ilatral hyperplasia /
glucocorticoid-sensitive hyperaldosteronism )

Sever Cushing syndrome (especially ecause of ectopic ACTH)

Exogenouse mineralocorticoids

Reduced 11-B (OH)steroid dehydrogenase activity

Chronic licorice/carbenoxolone ingestion

congenital AME syndrome (11- HSD type 2 inactivating mutation)

Renin-secreting tumors

some form of congenital adrenal hyperplasia

11-B hydroxylase deficiency

17-a hydroxylase deficiency

liddle syndrome




Urine chloride low

ECF volume contracted:
urine chloride <20megq/L

Gasric alkalosis: vomiting/ nasogastric suction

chloride-rich diarrhea (congenital chloredorrhe)

status/ postchronic hypercapnia (acute reversal of
chronic respiratory acidosis)

Cystic fibrosis with major sweating

Thiazide or loop diuretics after renal tubule diuretic
effect has diddipated

Some villous adenomas




Contradictory cases

ECF volume contracted: but urine chloride >20 meq/L
(generally indicates a renal tubule reabsorptive defect)

Thiazide or loop duretics actively working

Barter syndrome (defective Na reabsorption in loop of Henle,
furosmide-like lesion)

Gitelman syndrome (defective Na reabsorption at the thiazide-
sensitive side)




Metabolic alkalosis: other

Sever potassium deficiency

Milk (calcium)alkali syndrome

NaHCO3 loads with markedly reduced GFR

Refeeding after fasting




Back to patient
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e UrinePH=7
e Urine chloride =95
e SerumK-=2

Alkali loading?
Very recent vomiting? X
Resolving MA ? X

Volume status?
Not contracted






Urine Chloride high

ECF volume expanded:
urine chloride >20meq/L

Primary hyperaldosteronism (unilateral adenoma / ilatral hyperplasia /
glucocorticoid-sensitive hyperaldosteronism )

Sever Cushing syndrome (especially ecause of ectopic ACTH)

Exogenouse mineralocorticoids

Reduced 11-B (OH)steroid dehydrogenase activity

Chronic licorice/carbenoxolone ingestion

congenital AME syndrome (11- HSD type 2 inactivating mutation)

Renin-secreting tumors

some form of congenital adrenal hyperplasia

11-B hydroxylase deficiency

17-a hydroxylase deficiency

liddle syndrome
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Without Resin With Resin
Mg(OH) Mg(OH)+Na-Resin
MgClo+2H,0 2HCI Stomach 2HCI > MgCl,+2Na-Resin+2 H,0O

2NaHCO; Mg-
~ (Resin),+2NaCl+2NaHCO;

MgCos+2NaCl+ H,0 «2NaHCOs | podenum
+CO,

2NaHCO3; reabsorbed

s
N



Diagnosis

Without Resin With Resin
Cacos CaCO3+Na-Resin
CaCl,+C0s. H-0 2HCI Stomach 2HCI _ CaCl+2Na-Resin+CO+
) < > H,0
i ijchog 2NaHCOQO; - Ca-
+2NaC?fﬁS5 +CQO; h Puodenum ~ (Resin);+2NaCl+2NaHCO;

|
2NaHCO: reabsorbed

M
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K depletion contributes to MA maintenance:

ammoniagenesis

increased H secretion
cellular shift

In this case cellular shift (because of high urine PH)



Management



