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In order to understand the “acid-base” disorders, it is useful to see what systems are involved in acid-base homeostasis.  Through daily metabolism the body generates about 22,000 meq of volatile acid, primarily in the form of H+.  The majority of this acid production is a result of glucose and fatty acid metabolism.  Through generation of HCO3- as a buffer, excretion of NH4, and exhalation of CO2 we protect ourselves from becoming industrial solvent.  Our body is in a continuous chemical reactive state, depending on the buffering of inorganic and organic acids.  Old Henderson and Hasselbach put the above processes into formulae:



pH = pK + log  {HCO3-/ PaCO2}



H+ = 24 x PaCO2/HCO3-

((0.1 in pH = (10 nM/L H+)



Thus:
pH 7.30 = [H+] = 50 nM/L




pH 7.40 = [H+] = 40 nM/L




pH 7.50 = [H+] = 30 nM/L

Approach to Acid-Base disorders:  6 Questions !

Question




Evaluation
1.  Is the patient acidemic or alkalemic?
Blood pH

2.  Is it a metabolic or respiratory process?
Directional change in PaCO2 and HCO3-
3.  Is this an acute or chronic process?
Measured vs expected pH (see formulae)

4.  If metabolic: Gap or non-gap?

Measured anion gap (Na - (Cl + HCO3-)

5.  Is the compensation adequate?

Use formulas to asses: Measured vs expected

6.  Other disorders present?


Use formulas and (/(
Table 1. 

Simple Acid-base disorders:





Primary 
Compensatory 

Disorder

pH
Disorder
Response











(( PaCO2)
Metabolic acidosis
 (
( HCO3-

( PaCO2


( HCO3- x 1.2

Metabolic alkalosis
 (
( HCO3- 
( PaCO2


( HCO3- x 0.6










((HCO3-)
Respiratory acidosis
 (
( PaCO2

( HCO3-
Acute:
     
1 meq/10 mmHg pCO2
    (acute) (pH = (pCO2/10 x 0.08:  (chronic) (pH = ( pCO2/10 x 0.03
Chronic: 
3.5 meq/10 mmHg pCO2
Respiratory alkalosis
 (
( PaCO2

( HCO3-
Acute:
 
2 meq/10 mmHg pCO2
    (acute) (pH = (pCO2/10 x 0.08:  (chronic) (pH = ( pCO2/10 x 0.03
Chronic: 
5 meq/10 mmHg pCO2
(Definition:    By convention, a primary disorder with appropriate compensation is 


considered to be a single, pure acid base disorder--NOT a mixed disorder.)

† -Much is drawn  MERCILOUSLY  from S. Anderson’s moth eaten handout rec’d Aug 1992

Table 2. 

	
	EXPECTED COMPENSATORY RESPONSE

	Metabolic acidosis
	Expected pCO2          = 1.5 x HCO3 + 8 ( 2

Expected pCO2          = last 2 digits of pH

Expected ( pCO2       = ( (1.2 mmHg x ( HCO3-)

	Metabolic alkalosis
	Expected pCO2          = ( (0.6 mmHg x ( HCO3-)

HCO3- + 15 = pCO2  = last 2 digits of pH

	Respiratory acidosis
	Acute:      1 meq ( HCO3/10 mmHg pCO2

Chronic:   3.5 meq ( HCO3/10 mmHg pCO2

	Respiratory alkalosis
	Acute:      2 meq ( HCO3/10 mmHg pCO2

Chronic:   5 meq ( HCO3/10 mmHg pCO2






*** METABOLIC ACIDOSIS ***
Defn:
The inability to excrete dietary H+, or an increase in the generation of H+ (due to addition of H+ or loss of HC03-)

ELEVATED ANION GAP ACIDOSIS: Anion Gap = Na( - (Cl- + HCO3-) = 12 ( 2 meq

NOTE: Diagnostic Utility of an elevated AG is greatest when the AG > 25 mEq/L

Etiologies: 

Ketone Driven



Ketoacidosis ((-OH butyrate or acetoacetate)




Starvation




Alcoholic




Diabetic

Ingestions


Glycoaldehyde


Glycolic acid


Ethylene Glycol  


           
(~96% of ( AG)



Methanol ( formic acid (blindness)




Isopropyl Alcohol




Glyoxylic acid
 (( Oxalic acid)

(Isolated osmolar gap w/N AG & HCO3)

Salicylates
Lactic Acidosis

Type A:  Hypoxic

Lactate : pyruvate( > 10 : 1

Type B:  Glycolytic

Lactate : pyruvate( = 10 : 1

Uremia (probably PO4=, SO4= , Urate, hippurate)

Massive Rhabdomyolysis
There are also all those mnemonics – e.g. S-A-D-S-L-I-M-E-R  &  M-U-D-P-I-L-E-S, etc

Table 3.




Therapy for lactic acidosis: (Arguments FOR NaHCO3 use)



PRO




CON


Improved tissue perfusion

Volume & Na overload



Improved cardiac contractility
Overshoot metabolic alk



Decreased risk of cardiac 

      with reperfusion



      arrhythmias


Doesn’t work !!!


Lack of efficacy of HCO3- therapy:



H+ + HCO3- ( H2CO3 ( CO2 + H2O



(CO2 is generated with the tissue buffering of H+)



Overproduction of CO2 and hypoventilation (( tissue CO2



Tissue hypercapnia ( Worsens intracellular acidosis






 Decreases hepatic lactate utilization






 Impairs cardiac contractility



THUS ( Increased lactic acidosis


Use NaHCO3 ONLY if the mixed venous pH < 7.10 - 7.15

Table 4.
Use of Venous vs Arterial pH:

pH

PaCO2
       HC03-

Venous pH w.r.t. arterial pH
      ( 0.03-0.04        ( 7-8 mmHg
    ( ~ 2 meq/l


   (In low perfusion states the venous pH can be markedly different- Weil, NEJM)

HYPOALBUMINEMIA & THE ANION GAP

Since albumin is the principle unmeasured anion in the blood, in the setting of hypoalbuminemia the calculated gap “underestimates” the degree of unmeasured anions (a.k.a. GAP).  There are several formulas for ‘adjusting’ for the low albumin:

1. For every 1.0 mg/dl fall in albumin, INCREASE (correct) the AG by 2.5

2. Calculate the ‘expected’ AG for each individual: (2 x Alb) + (0.5 x phosphate)

3. Adjusted Alb = AlbMeas + 2.5 x [(Alb]

Table 6. 

ETIOLOGIES OF A LOW ANION GAP:


( Unmeasured cations
( Unmeasured anions
Artefactual

Hyperkalemia


Hypoalbuminemia!!!

Spurious hypo-Na


Hypercalcemia





Br- ingestion 


Hypermagnesemia





 (measured as Cl-)


Lithium intoxication





Hyperlipidemia


Paraproteinemia (i.e. Multiple Myeloma)


 (overestimate Cl-)

OSMOLAR GAP:     (Measured serum osm - calculated serum osms:  Normal < 10 msom/l)

Calculated =
2(Na) + BUN (mg/dl) + glucose (mg/dl) + EtOH





2.8
             18
             4.6


Causes of Increased Osmolar Gap:



Isotonic hyponatremia

Ingestions
        Contrast Media

Hyperlipidemia

    Ethanol

Hyperproteinemia

    Isopropranolol

Glycine or mannitol infusion
    Methanol







    Ethylene glycol

Table 7.
Relationship of Anion gap and osmolar gaps
Disorder

            AG
Osm gap


Ethylene glycol


+
      +

* DOUBLE GAP *

Methanol

 
+
      +

* DOUBLE GAP *
     

Renal failure

 
+
      +

* DOUBLE GAP *

Isopropyl alcohol

 
 -
      +

NO Ketones, NO acidosis, normal HCO3-
Ethanol


 
 -
      +

Can see AG in severe AKA

Hyperlipid/proteinemias
 
 -
      +










    .
NON-ANION GAP METABOLIC ACIDOSIS (a.k.a. Hyperchloremic metabolic acidosis)

First Step to Sorting Out:  

( the serum [K+]

Table 8



Table 9.
USE OF THE URINARY AG IN NON-GAP ACIDOSES:
UAG = (Na + K) - Cl

Rationale:  In patients with a NG acidosis, there is an increased NH4 excretion (unmeasured cation), as an attempt to excrete excess acid.  This ( NH4 excretion leads to ( Cl- excretion, so the UAG is neg. Patients with an RTA are UNABLE to excrete NH4, so the UAG will be positive


Negative UAG = Normal renal fn. Or GI loss of HC03.

Positive UAG = Altered distal renal acidification (impaired ability to excrete NH4).
Battle, et al. NEJM 318:594, 1988


Plasma K

UAG

Urine pH
Diagnosis

Normal


Negative
< 5.5

Normal


Normal-low

Negative
> 5.5

GI HCO3- losses


High


Positive

< 5.5

Aldosterone deficiency


High


Positive

> 5.5

Distal (Type I) RTA


Normal-low

Positive

> 5.5

Proximal (Type II) RTA 

Caveats: 

Less accurate in patients with volume depletion (Low U Na); and ( Excretion of (-OH butyrate & acetoacetate in DKA, or hippurate or toluene ingestions;  ( UNa or UK to maintain electroneutrality will cause a false positive UAG

Fig 10





   RTAs from the Nephron’s View
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Type IV RTA





Distal RTA (Type I)




  Hyporenin-





    Inherited





     hypoaldo






   
ICU patients

  Aldosterone

       Diabetes






    
Sickle cell disease



        HTN






    
Hepatitis




       Nephroslerosis






   
Hypercalcemia




       Chronic Interst






    Renal disease




           Nephritis






Transplant rejection



   Mineralcorticoid







Obstructive uropathy



      resistance

Proxmial RTA



Nephrocalcinosis




         (( PRA, aldo)
    Drugs




Sjogren’s nephropathy


                     Drugs (i.e.)

    
Acetazolamide


    Drugs






spironolact.


Mafenide



Amphotericin B




   Mineralcorticoid

    Amyloidosis




Lithium


     



 deficiency

    Heavy metals



    Interstitial nephropathies


                        Adrenal insuff

    Multiple myeloma

    Fanconni’s syndrome

RTAs in Table Format
Table 11.
	
	Proximal (type II)
	Distal (type I)
	Type IV

	Basic defect
	(  proximal HC03- reabsorption
	( distal acidification
	Aldosterone 

deficiency/resist

	Plasma pH
	(
	(
	(

	Urine pH
	< 5.5 (variable)
	> 5.5
	< 5.5

	Plasma K
	normal or (
	normal or (
	(

	Associated cond’ns
	Fanconi’s syndrome

Rickets
	Nephrocalcinosis
	Diabetes, Adrenal Insuff.

Renal failure, chronic Intersititial nephritis

	Response to HCO3- therapy
	Poor
	Good
	Fair


RENAL TUBULAR ACIDOSES

These CONFUSING disorders are characterized by either the inability to generate HCO3-  or to excrete NH4+ . All of the RTAs are characterized by a positive urinary anion gap (see below).  There are many subtypes of RTAs, but.. be serious, if you can understand the big 3, you are home free.  They are classified with respect to where the defect is in the nephron, as well as by some incomprehensible numerical classification.

Distal RTA (type I)
Inability to lower UpH in the face of acidemia.  The defect is impaired excretion (back-diffusion) of H+ in the distal tubule.  There is also impaired “trapping” of NH4+ , thus resulting in an alkaline urine pH.

Proximal RTA (type II)

Defective HCO3 reabsorption in the proximal tubule.  The distal tubule can not compensate for the increased filtered load of HCO3-.  Thus, as significant bicarbonaturia persists, plasma HCO3-  drops until it reaches a level which the proximal tubule can handle.

Type IV RTA (Some call this Distal as well because....it is distal)


Think of this as inadequate mineralocorticoid to the distal tubule.  Whether the disorder is from hyporeninemic hypoaldosteronism (most common cause), some primary aldosterone deficiency, or a mineralcorticoid-resistant hyperkalemia, the lack of mineralocortocoid is in effect is the final common pathway in the kidney.

Table 12.

Calculation of the Bicarbonate Deficit/Excess
Base Deficit:

HCO3- deficit = HCO3-  space x HCO3-  deficit per liter

Apparent HCO3- space = 0.4 x LBW (kg)

HCO3- deficit per liter = [desired HCO3- ] - [measured HCO3- ]

Example:  70 kg man with serum HCO3- = 10 meq/l

HCO3- deficit = (70) x (0.4) x (24-10) = 392 meq

TX:
Replace 1/2 the deficit over 3-4 hours, & STOP when pH reaches 7.20


Base Excess:  (Use in metabolic alkaloses)

(Same except for the distribution of the HC03- space; see below)

HC03- excess = HC03-  space x HC03- excess per liter

Apparent HC03- space = 0.5 x LBW (kg)

HCO3- excess per liter =  [measured HCO3- ] - [desired HCO3- ]

Fig 2. 
  ALGORITHM FOR THE EVALUATION OF METABOLIC ACIDOSES

(Use in conjunction with previous discussions)

Anion Gap

Increased                                     Normal

          (Elevated)                              (Hyperchloremic)


Plasma Osmolal Gap






Loss of Intestinal Fluids

    Normal






Yes



No

< 25 mOsm/Kg

Uremic acidosis

(BUN/Cr
Lactic acidosis






Diarrhea

          ( UpH
Clinical setting, Lactate > 7.00 mmol/L




Ileostomy
Ketoacidosis






Enteric Fistula
DKA, AKA, Starvation

Salicylate intoxications







> 5.5

     < 5.5

Salicylate> 30 mg/dl









Type I (Distal) RTA







     Think of Renal disease,

  Increased





       Inherited diseases

      Serum [K+]
(>25 mOsm/kg)





       Drugs

Ethylene Glycol Intoxication




        Interstitial nephropathies
( oxalate crystals in urine, ( serum level

Methanol Intoxication

Visual symptoms, ( serum level




     




Low


High








Type II (Proximal) RTA

Type IV RTA






      Confirm with NaHCO3 loading test
    Hyporeninemic

     






(Induces HC03- wasting)


hypoaldo












    Obstructive 







      Think of Multiple myeloma


uropathy







       Amyloidosis



    Tubulointer-







       Drugs




stial dis.







       Heavy metals


    Sickle nephrop

`





       Fanconi’s syndrome (NOT anemia)
    Transplant rej.












    Cyclosporine
***METABOLIC ALKALOSIS***

Etiology:
Requires both the generation of  the metabolic alkalosis (loss of H + through the GI tract or kidney, or exogenous administration of HC03- -) AND maintenance of the alkalosis [( renal HCO3-  excretion (( GFR or vol depletion)  or K or Cl depletion].  (This used to BORE  the tears out of me… but I’ll be damned… its neat!)
Table 13. Causes of Metabolic Alkalosis:
	Loss of Hydrogen 
	HCO3- Retention
	Contraction Alkalosis

	GI losses
	Massive blood transfusion

   (Citrate load)
	Diuretics

	Renal losses:

     Diuretics

     Mineralcorticoid excess
	NaHCO3 or Na-acetate administration
	Gastric losses in an    achlorhydric patient

	H+ movement into cells

  (i.e. w/ hypokalemia)
	Milk-alkali syndrome
	Sweat losses (i.e cystic fibrosis)


Contributing Factors in Maintenance of Metabolic Alkalosis (impaired HCO3- excretion):

(Decreased GFR (( volume, cardiac output, RBF, or renal failure)

(Increasesed tubular resorption (( volume, thus renal blood flow; chloride depletion, hypokalemia, hyperaldosteronism)

Table 14. The Urinary Chloride in Metablic Alkalosis:  (Newer machines: < 25 meq/l vs. > 40 meq/l)
	CHLORIDE RESPONSIVE

(UCL < 15 meq/l)
	CHLORIDE NON-RESPONSIVE

(UCL > 20 meq/l
	“UNCLASSIFIED”

(Saprio & Kaehny, 1992)

	GI loss:
     Emesis

     NG suction

     Villous adenoma

     Cystic fibrosis
	Urinary potassium < 15 meq/l
     Laxative abuse (gut loss)

     Severe K depletion
	Alkali administration

Recovery from organic acidosis (i.e. DKA)

Antacids and eschanges resins in renal failure

	Renal loss:
     Diuretics

     Post-hypercarbia 

(Delay in HCO3 excretion)
	Urinary potassium > 20 meq/l

     Hypotensive

          Bartter’s Syndrome

     Hypertensive (low PRA)

          Primary hyperaldosteronism

     Hypertensive (high PRA)

          Endogenous

               Cushing’s syndrome

               hyperreninism

               Congenital adrenal hyperplasis

               Liddle’s syndrome

          Exogenous

               Licorice, chewing tobacco


	Milk-alkali syndrome

Massive blood or plasma transfusions (citrate)

Nonparathyroid hypercalcemia

Glucose ingestion after starvation

Large doses of cabenicillin or penicillin.



	Low Chloride intake
	
	

	Exogenous alkali:

     NaHCO3

     Transfusions (citrate)

     Antacids 
	
	


Fig 3. 



    METABOLIC ALKALOSIS

UCL

< 15 meq/l


> 20 meq/l









(Chloride Non-responsive)
Chloride Responsive





UK
   GI losses

      Diarrhea

      Chloridiarrhea


< 20 meq/d


> 30 meq/d

      Villous adenoma

      NG suction

      other




Laxative abuse

Hypotensive

Hypertensive

   Renal Loss



Severe K depletion
   Bartter’s Sz

      Diuretics






   Gitelman’s Sz



      Post-hypercarbia








PRA

   Low CL- intake

   Exogenous alkali






High


Low

      NaHCO3










Aldosteronism

      Transfusions










Licorice abuse

       Antacids





Plasma cortisol



Chewing tobacco








Normal


High









Cushing’s syndrome










Congenital adrenal hyperplasia





Renal vein renin





High



Normal/Low


               (See Fig 4.)



Renovascular HTN

Malignant HTN




JGA tumor

Table 15.







Treatment of  Metabolic Alkalosis
1.  Remove the inciting/maintaining culprits if possible, (diuretics, NG suction, alkali therapy).

2.  Chloride Responsive:  
Replete volume with NaCl

3.  Chloride Non-responsive:


Acetazolamide to increase renal NaHCO3 excretion


HCL infusion (must calculate the bicarb excess to establish the desired dose) *

K repletion:  Correct the hypokalelmia ( if mineralocorticoid excess, or hypokalemic states).


* See formula above on calculation of base deficit/excess

***MIXED ACID-BASE DISORDERS***

CLUES:
1.  Inappropriate compensation for primary disorder


2.  (/( either < 1.1 or > 2.1


3.  Clinical history allows the sleuth to anticipate the disorder (see below)

Table 18. 

	DISORDER
	EXAMPLES

	Mixed respiratory plus metabolic acidosis
	Cardiopulmonary arrest

Pulmonary edema

COPD with severe hypoxia

Hypokalemic respiratory paralysis (diarrhea or RTA)

Hypophosphatemia

Primary myopathies

Poisons/drugs: ASA, CN, ethylene glycol, metOH, CO

	Mixed metabolic plus respiratory alkalosis
	Transfusions (citrate)             Pregnancy

Liver disease                          Post-hypercapneic alkalosis

	Mixed Gap and Non-gap metabolic acidosis
	CLUE:    ( AG / ( HCO3 < 1.1  (HCO3- too low ( in AG)
Severe diarrhea                      Early renal failure

Obstructive uropathy              Repair of ketoacidosis

	Metabolic alkalosis plus respiratory acidosis
	COPD plus diuretic therapy

Severe K depletion (metabolic alkalosis) WITH 

     respiratory muscle compromise ( resp. acidosis)

	Metabolic acidosis plus respiratory alkalosis
	ASA toxicity

Severe liver disease

Sepsis

	Metabolic acidosis plus metabolic alkalosis
	CLUE:     ( AG / ( HCO3   > 2.1

(HCO3-  too high for change in AG)

Renal failure with gastric alkalosis (i.e. vomiting)

Alkali therapy of ANY metabolic acidosis

DKA plus vomiting

	Triple acid-base disturbances
	CLUE:     ( AG / ( HCO3  > 2.1

[Renal failure with gastric alkalosis (i.e. vomiting)

Alkali therapy of ANY metabolic acidosis

DKA plus vomiting]

+

Superimposed respiratory disorder


Use of the Delta / Delta:   

(AG/  (HCO3-       =     ( / (      (Consider move after NG acidosis)

Rationale:  For @ unit ( in AG (above normal), HCO3- should ( one unit <  normal.   Nl AG = 12, Nl HCO3- ( 24 meq/l.


Examples:     AG
  HCO3-   (AG/(HCO3-
Diagnosis

        18
    18
      6/6 = 1          Appropriate compensation: pure AG acidosis


        18
    22
      6/2 = 3
The HCO3- has fallen LESS than expected, thus






a metabolic alkalosis is present as well.


        18
    12
    6/12 = 0.5
The HCO3-  has fallen MORE than expected, thus






a concurrent non-gap acidosis is present as well. 

Or:

(/ (


Disorder



~ 1


Pure anion gap acidosis



~ 1.1


Ketosis



~ 1.6


Lactic acidosis



< 1.1


Gap & non-gap acidosis

 

> 2.1


Concurrent metaboic alkalosis
***RESPIRATORY ACIDOSIS***

 

A result of impaired alveolar ventilation, and thus impaired ability to excrete CO2.  One can approach this disorder with respect to the acuity of development:
Table 16.
	MECHANISM
	ACUTE
	CHRONIC

	Obstruction
	Aspiration

Laryngospasm

Bronchospasm

Obstructive Sleep Apnea (OSA)
	C.O.P.D.

O.S.A.

	( Central drive
	General anesthesia

Sedative overdose

CNS trauma/infection/bleed

Central sleep apnea
	Chronic sedatives

Primary alveolar hypoventilation

    “Ondine’s Curse”

Obesity-hypoventilation sz

     (Pickwickian syndrome)

     CNS tumor

     Bulbar poliomyelitis

	Circulatory
	Cardiac arrest

Severe pulmonary edema
	

	Neuromuscular
	High cervical cordotomy

Botulism, tetanus

Guillain-Barre Syndrome

Myesthenic crisis

Familial hypokalemic periodic

     paralysis

Hypokalemic myopoathy

Polymyositis

Drugs/Toxins

     (curare, SCH, Aminoglycosides,

        organophosphates)
	Polymyositis

Multiple sclerosis

Muscular dystrophy

A.L.S.

Diaphragmatic paralysis

Myxedema

Mypathic disease

	Restrictive
	Pneumothorax

Hemothorax

Flail chest

Severe pneumonitis

ARDS
	Kyphoscoliosis

Fibrothorax

Hydrothorax

Intersititial fibrosis

( diaphragm movement

     (i.e. ascites)

Prolonged pneumonitis

Obesity

	Other
	Mechanical hypoventilation
	






***RESPIRATORY ALKALOSIS***

Table 17. 

	HYPOXIA
   Decreased FiO2

     High altitude

     V/Q mismatch

     Hypotension

     Severe Anemia

PULMONARY DISORDER
   Interstitial lung disease

     Pneumonia

     Pulmonary embolism

   Pulmonary edema
MECHANICAL OVERVENTILATION
	CNS-DISORDERS
     Anxiety-hyperventilation syndrome

     CVA

     Infection

     Tumor

     Pharmacologic/Hormonal

          (Salicylates, nicotine, Xanthines, Pregnancy

              Pressor hormones)

     Hepatic failure

     Gram negative sepsis

     Recovery from metabolic acidosis

     Heat exposure


***DISORDERS OF POTASSIUM METABOLISM***

Serum [K+] = fn(K+ intake / excretion, & cellular distribution ( ECF ( cells )

Effect of acid-base disorders on PK:

Table 19. 

	DISORDER
	           ( PK_____ 
    ( 0.1 pH unit   

	Metabolic acidosis

     Inorganic (Mineral acids: sulfuric, nitric, HCL,phosphoric, carbonic)

     Organic   (Lay terms: Mostly C-containing compounds, i.e. amino acids, fatty acids, carboxylic acids, dicarboxylic acids)
	+ 0.2 - 0.7

No (

	Metabolic alkalosis
	- 1.3  - +0.5

	Acute respiratory acidosis
	0  -  0.6

	Acute respiratory alkalosis
	0  -  (- 0.4)



HYPOKALEMIA

(RESULT OF)
Table 20.

	DECREASED NET INTAKE
	REDISTRIBUTION
	INCREASED LOSSES

	Low  K+ diet 

K+ deplete IV fluids

Clay ingestion
	( insulin
acute ( in (-adrenergic activity
     Stress

     Treatment of anemia

     Pseudohypokalemia

     Periodic paralysis (hypo K)

     Thyrotoxicosis 

     Illness

     Delirium tremens

     Hypothermia

( arterial pH (LESS significant

     than ( seen in acidosis)
	( GI losses

( Renal losses
     Primary mineralcorticoid XS

     ( distal urinary flow

        Diuretics, saline infusion

        Salt-wasting nephropathies

        Hypercalcemia

        Acute leukemia

     Na+ reabsorbtion w/non-

     resorbable anion

        Emesis or NG sxn (eaary)

        Some metabolic acidoses

     Miscellaneous

        Hypomangnesemia (? stim aldo release)

        Polyuric states

        L-dopa

( Sweat losses

Dialysis

K+ depletion wo/hypokalemia


Diagnosis of Hypokalemic disorders:


1. 24 -hr urinary K:

< 25-30 meq/day
=    extrarenal


 



> 30 meq/day

=    renal loss


2.  Look for associated acid-base disorders:



w/ Metabolic acidosis

w/ Metabolic alkalosis


GI losses


Diuretics



RTA



Emesis or NG suction



Ketoacidosis


Mineralocorticoid excess



Salt-wasting nephropathy
PCN derivitives

Evaluation of hypokalemia in hypertensive patients:

1. 24 hr urinary K+ (differentiates renal from extrarenal cause-see above)


2. Suggests mineralocorticoid excess


3. Check simultaneous PRA and aldosterone levels



Fig 4. 

HYPOKALEMIA IN

HYPERTENSIVE PATIENTS
HYPOKALEMIA



Urinary K / day






< 30 meq

       > 30 meq





Prior diuretics




PRA




GI losses








      Low

             High/normal











Renal HTN




(See Fig. 3)

Plasma Aldosterone

Malignant HTN











Renin secreting











     tumor

        



High



Low

Salt-wasting 











    nephropathy



    Primary Aldosteronism












     Licorice









     other mineralocorticoid




Adrenal v aldo




( CT Scan





Treatment











Stop licorice


Lateralizing

     Nonlateralizing



Dexamethasone











K+ sparing 


Adenoma


Hyperplasia



   diuretic



Treatment


Treatment

Surgery



K+ sparing diuretic


or K+ sparing diuretic

or Dexamethasone
Pseudohypokalemia:  


In the presence of VERY high WBCs, cells may take up K+ in the test tube after phlebotomy, yielding falsely low serum K+.

***HYPERKALEMIA***

(Resultant of increased intake, decreased excretion or redistribution from cells into the ECF space.)

	INCREASED INTAKE
     Oral (including salt substitutes)

     Intravenous (including rapid PCN bolus, and 

          stored blood)

DECREASED URINARY EXCRETION
     Renal failure & Renal Causes

     ( Effective circulating volume

     Hypoaldosteronism *
     Type I RTA (distal)

     Selective potassium secretory defect (i.e. SLE)

     Trimethoprim (( distal K excretion)

     Pentamidine (( distal K excretion)
	MOVEMENT FROM CELLS INTO ECF
     Pseudohyperkalemia

     Metabolic acidosis (lesser degree in resp. acid.)

     Insulin deficiency, hyperglycemia

     (-adrenergic blockade

     Periodic paralysis-hyperkalemic form 

          (p/cardiac surgery-washout & rewarming)

     Digitalis overdose

     Severe exercise

     Tissue catabolism

     Succinylcholine

     Arginine


* Diagnosis of hypoaldosteronism:  Use of the “TTKG” - An indirect estimate of aldo effect

TTKG = Transtubular potassium gradient = UK ( Uosm/Posm






       PK
TTKG > 7 = adequate aldosterone effect

TTKG < 3 = consistent with hypoaldosteronism

TTKG 3-7 = indeterminate


* Causes of hypoaldosteronism:
	DECREASED RENIN-ANGIOTENSIN SYSTEM
     Hyporeninemic hypoaldosterone

     Nonsteroidal anti-inflammatory drugs

     ACE inhibition

     ACE -receptor antagonists

     Hypervolemia in chronic dialysis patients

     Cyclosporine

     AIDS
ALDOSTERONE RESISTANCE
     K+ sparing diuretics

     Psdudohyposldosteronism
	DECREASED ADRENAL SYNTHESIS
     Low  cortisol levels
          Primary adrenal insufficiency

          Congenital adrenal hyperplasia

     Normal cortisol levels
          Isolated hypoaldosteronism

          Heparin (even LOW doses)

          Post adrenal adenoma removal



HYPERKALEMIA IS MEDICAL EMERGENCY !!

ECG abnormalities:
1. Peaked T-waves

 (( conduction

2. Prolongation of QRS & PR interval

  velocity)

3. Loss of P wave




4. Merging of QRS & T wave ( “Sine wave”



5. Bradyasystolic rhythms & ventricular instability

When to Treat Hyperkalemia?
1. K+ > 7 meq/l ( EMERGENT !





2. K+ between 6-7 meq/l ( URGENT





3. ANY K+ elevation AND ECG changes!






4. ALWAYS check ECG & recheck value.

How to Treat Hyperkalemia?
1. If ECG changes ( CaGluconate FOLLOWED by below;






2. Treat in a monitored setting:  a patient can 






    progress from a normal ECG to asystole in 






    seconds!!

	TREATMENT
	DOSE
	ONSET
	DURATION

	Calcium gluconate
	10-30 cc of 10% Ca gluconate over 3-4 minutes
	minutes
	( 1 hr

	NaHCO3
	1-2 amps (50-100 meq) over  5-10 minutes
	( 1 hr
	sev’l hrs

	Glucose/Insulin
	1 amp D50  IV push, FOLLOWED BY

Regular insulin 10 units regular IV
	( 1 hr
	sev’s hrs

	(2-adrenergic agonists

     (i.e. albuterol)
	10 - 20 mg nebulized

(10 X THE  INHALED DOSE, CAUTION WITH CADz)
	30 minutes
	( 2 hrs

	Furosemide (with fluid)
	40 mg IV push ( more with renal insufficiency)
	( 1 hr
	sev’s hrs

	Kayexalate (oral)
	20-50 gms in 100-200 cc  of 20% sorbitol  p.o.

Repeat q. 3-4 hrs.

1 gm removes approximatelyl 1 meq K+
	1-2 hrs
	sev’s hrs

	Kayexalate (rectal)
	50-100 gm in 100-200 cc water or 70% sorbitol.

Retain for 30-60 minutes with foley catheter

Repeat q 2-4 hrs

1 gm removes approximately  0.5 meq K+
	0.5-1 hr
	sev’s hrs

	Dialysis
	COMMENT:  for hyperkalemia REFRACTORY to above acute interventions
	“minutes”

AFTER catheter is placed

	Hemodialysis
	Removes 50 meq/hr
	“minutes”
	hours

	Peritoneal dialysis
	Removes 10-15 meq/hr
	“minutes”
	hours



SODIUM ABNORMALITIES

A patient’s serum sodium can be a very helpful parameter to follow in evaluating a patient’s clinical condition.  Walt Macdonald, MD, used to clear the confusion by stating that one’s serum sodium was a less reliable indicator of one’s total body sodium, than actually allowing one to assess one’s fluid status with respect to free water.  The key formulae:









    Total Body Water

1). TBW =  Wt (Kg) x %BW


  (% of BW by age/sex)






AGE

MALE
FEMALE

2). Fluid deficit = 


18-40

60%

50%






40-60

60-50%
50-40%



     Current TBW x [Na] – 140
> 60
            50%

40%

 



140


3). Osmolality = 2(Na mg/dl) + glucose (mg/dl) + BUN mg/dl

18

          2.8

HYPONATREMIA

Hyponatremia is best viewed as an assessment of one’s free water status & thus reflective of renal diluting capacity.   Thus key assessments are focused on the below, as well as estimating fluid status. 

HYPONATREMIA


Serum osmolality(

         Normal   



        Low
    


        High

(280-295 mosm/kg)

            (<280 mosm/kg)



(>295 mosm/kg)

         Isotonic

                               Hypotonic


                 Hypertonic

     hyponatremia

   
  hyponatremia



  hyponatremia
 1. Hyperproteinemia







1. Hyperglycemia

 2. Hyperlipidemia (chylomicron, TG’s)





2. Mannitol










                  Sorbitol






 Volume status

                               g;lycerol











3. Radiocontrast

                 Hypovolemic


    Euvolemic

                Hypervolemic






(UNa > 20 meq/L)


UNa < 10 meq/L
      UNa > 20 meq/L
  1. SIADH


  Edematous states

Extrarenal salt loss    Renal salt loss
  2. Postoperatinve hyponatremia
     1. CHF

  1. Dehydration
        1. Diuretics

  3. Hypothyroidism

     2. Liver disease

  2. Diarrhea
        2. ACE inhibitors
  4. Psychogenic polydipsia
     3. Nephrotic syndrome

  3. Vomiting
        3. Nephropathies
  5. Beer potomania

     4. Advanced renal                  

  

        4. Mineralocorticoid
  6. Idiosyncratic drug reaction

failure






       (thiazide diuretics, ACE inhibitors)






  7. Endurance excercise
( -  Molecules that freely permeate cell membranes effect osmolarity in the ICF and ECF compartments, but do not establish a concentration gradient, thus do not effect tonicity (~ Na).  Hence the following ONLY effect serum osmolarity;

Therapy of euvolemic hypotonic hyponatremia
Symptomatic hyponatremia (Usu.Na < 115 meq/L)

1. Rate and degree of correction

· Goal is to increase the serum Na by 0.5-1.0 meq/L/h, NOT to exceed 120-125 meq/l in first 24 hours.  Overly rapid or excessive correction (i.e. Na > 135 meq/L), can result in central pontine myelinolysis.

2. Saline plus Furosemide.

· “Hypertonic” saline is indicated for symptomatic hyponatremia.  In this setting “hypertonic” refers to both 0.9% NaCl as well as 3.0% NaCl.  One must use furosemide in addition to hypertonic saline, as saline alone may not effect the serum Na concentration.  The addition of furosemide inhibits the ability of the kidney to concentrate the urine, even in the setting of inappropriate ADH, allowing for increased free water excretion.

Sodium Correction Formulas

	Forumla
	Clinical Use

	infusate Na+ - serum Na+

1).  Change in serum Na+ =   ------------------------------   

total body water + 1
	Estimate the effect of 1 liter of any infusate on serum Na+

	
	

	(Infusate Na+ + infusate K+) – serum Na+

2)  Change in serum Na+ =   ---------------------------------------------------

total body water + 1
	Estimate the effect of 1 liter of any infusate containing Na+ and K+ on serum Na+ 

	
	

	Infusate
	Infuaste Na+

(mmol / L)
	Extracellular-Fluid

Distribution, %

	5 % Sodium chloride in water
	855
	100†

	3 % Sodium chloride in water
	513
	100†

	0.9 % Sodium chloride in water
	154
	100

	Ringer’s lactate solution
	130
	97

	0.45% Sodium chloride in water
	77
	73

	0.2 % Sodium in 5% dextrose in water
	34
	55

	5 % Dextrose in water
	0
	40


† - In addition to its complete distribution in the extracellular compartment, this infusate induces an osmotic removal of water from the intracellular compartment

Table 2. NEJM 2000;342:1581-89


Fluid Rate for Hyponatremia:    Fluid Rate (ml/hr) 
=  TBW x Desired ( Na (mmol/L)
Run time (hrs) x ‘fluid concentration’

Rate for ½ mmol/L/hr (for 0.9% NaCl)
=   0.6 x WT(kg) x 12 meq/dl
24 hr x 154 mmol/L

Rate for ½ mmol/L/hr (for 3% NaCl)
=   0.6 x WT(kg) x 12 meq/dl
24 hr x 513 mmol/L

The “Hypertonic” Salines

	SODIUM

CONCENTRATION
	SODIUM CONCENTRATION (meq/L)
	OSMOLALITY

(mosm/kg)

	0.9% NaCl
	154
	308

	3.0% NaCl
	513
	1026


Dosing of 3.0% NaCl (in SIADH)

Since sodium balance is unaltered in SIADH, the patients are eunatremic.  Thus the rational of treating with hypertonic saline is not to increase total body sodium, but to maintain it, while providing diuretics which will allow the kidney to excrete the abnormaly retained free water.  Hence in order to dose 3.0% NaCl one must monitor urinary losses of sodium;

1. Measure a spot urinary sodium AFTER the first dose of furosemide (0.5-1.0 mg/kg dose)

2. Replace the excreted sodium empirically with 3.0% NaCl started at 50-75 cc/h

3. Adjust the rate of NaCl administration based on the urinary sodium loss, by following spot urines.

Example
· Pt administered 80 mg furosemide diuresed 400 cc/hr urine, with a UNa of 100 meq/L.

· Hence the Na loss is 40 meq/hr (100 x0.4)

· Rate or volume of 3.0% NaCl to be infused:


40 meq/hr = 78 cc/h of 3.0% NaCl


513 meq/L

· Free water loss is the difference between urine volume excreted minus volume of saline infused (400 - 78 = 322 cc free water loss)

Hypernatremia

(Ooh…I do need to add this!)

Axioms:

· Patients with an intact thirst mechanism can prevent sodium form exceeding 145 meq/L

· Hypernatremia results from a relative in-access to free water (or like all sodium disorders the serum sodium more accurately reflects the total body water)

· Aged/Restrained (Chemical/Physical) patient with limited access to oral drinking

· Patient with DI UNABLE to keep up with high urinary losses.

· RARE, RARE, RARE, RARE Hypernatremia is secondary purely to hypertonic fluids

Assessment:

· Fluid status.

· Free water deficit:      Volume (L)   =   Wt (kg) X 65% x [Na+] – 140
140

· Urinary volume

· Urinary specific gravity/Osmolality 

>  400 mOsm/Kg – favors intact renal conservation

<  250 mOsm/kg – NON-concentrated urine (Central or nephrogenic DI)

Management:

· Goal sodium reduction is 0.5-1.0 meq/L/hr target

· Hypovolemia (most common)

· RECALL – NEED TO ADD MAINENANCE NEEDS INTO TOTAL FLUID CALCULATIONS

· Maintenance  = 25-35 cc/kg/24 hours (1-1.5 cc/kg/hr)

· Goal Serum Osm < 308 mosm/kg 
· Severe – replete with 0.9% NaCl to restore deficit (to mosm ~ 310)

· Change to 0.45% NaCl after initial replacement

· Mild – may replete with 5% Dextrose in 0.45% NaCl

· Euvolemia – free water po or D5W

· Hypervolemia (rare!!!) - free water po or D5W, AND loop diuretics
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COMPLETELY UNRELATED MNEMONICS – VII-A:

THE DIFFUSE LUNG DISEASES 

c/o Molly Osborne, MD & Steve Primack
Diffuse Lung Disease (DLD)


          *Interstitial Lung Disease
P = Pneumonia/Pneumonitis


           

Upper Lobe Predominance
I =  Interstitial lung disease*




F = Fungal

N = Neopolasm





E = Eosinphilic granuloma

E = Eosinophilic granuloma




A = Allergy, Aspergillus, Ank. Spondyl.


(a.k.a. 
Histiocytosis X,



S = Silicosis



Langerhans histiocytosis)


T = Tuberculosis

S = Sarcoidosis




           









Lower Lobe Predominance:







The Primack Way

The Osborne Way







B = Bronchiectasis

B = Bronchiectasis







A = Aspiration

A = Aspiratioin








D = Drugs, dermatomysitis
D = Drugs, “DM”








R = Rheum Arthritis

A = Asbestosis








A = Asbestosis

S = Scleroderma








S = Scleroderma          
S = SLE







H = Hammond-Rich Syndome (acute IPF - rare)

Notes:


( -OH butyrate not seen       with ketotest.


Acetoacetate spuriously elevates creatinine


Disulfiram with alcohol


Captopril





Elevated K+						Low K+


Early renal failure/				GI losses (pancreas, diarrhea, biliary)


Interstitial nephritis				RTAs


Obstructive uropathy				Ureteral diversions


Acid (or potential acid) ingestion			Carbonic anhydrase inhibitors


(TPN, NH4Cl, CaCL2, HCL)			Sulfur toxicity


Aldosterone deficiency				Repair phase of DKA


(Type IV RTA, Adrenal insuff)





USE OF THE URINARY OSMOLAR GAP IN NON-GAP METABOLIC ACIDOSES.


Rationale: When the UAG is positive, and it is unclear whether the problem is increased cation excretion (e.g. UNa), the [UNH4] can be estimated from the Urine Osmolal Gap (UOG).





Calc UOSM = (2 x [Na + K]) + BUN/2.8 + gluc/18





UOG = Meas UOSM  – Calc UOSM





The UOG gives a rough approximation of the [UNH4] (EXCEPT IN SETTING OF KETOACIDOSIS)


In patients with Non-gap metabolic acidosis, the [UNH4] should be > 20 mEq/L.  Values less then this indicate impaired renal excretion (in setting of a Non Gap acidosis).





Source: The Anderson Files








Example: 


60 kg man, HCO3- = 40 meq/L





HCO3- excess = 


(60) x (0.5) x (42-24) = 480 mEq/L





Replace 1/2 of excess over 12 hrs, then remainder over next 24 hrs. Use HCL for replacement.  (Not common)





Substance ONLY effecting OSM


Urea


Ethanol


Methanol


Ethylene glycol


Isopropyl alcohol


Other volatile alcohols





“1425”
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