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For every complex problem, there is 
a solution that is simple, neat, and 

wrong 
HL Mencken (1880-1956) 



Life-Threatening Acidosis in an 
Alcoholic

52 yr old alcoholic admitted to hospital with 
abdominal pains, visual disturbance, dyspnea.

He admitted drinking a large quantity of 
alcohol in the previous 24h, but insisted he 
had only drunk vodka. He stopped drinking 
because of repeated vomiting.

Fully conscious and orientated, Kussmaul
 respiration (40/min), BP 120/58, pulse 

150/min.
Fundus: normal.



Life-Threatening Acidosis in an Alcoholic

Glucose 50 pH 6.78 ([H+] 167nmol/l)
Urea 40 pCO2 23
Creatinine 1.33 HCO3

- 3.3
Na 132 Anion Gap 44
K 5.4 AG 32
Cl 85 URINE: Ketones ++++
Hb 15.1 (next morning 11.4)
Hct 46% (next morning 33%)
Lactate: not yet received





Life-Threatening Acidosis in an Alcoholic

pH 6.78
pCO2 23
HCO3

- 3.3
Anion Gap 44
AG 32

Questions:
1. What is main acid-base disturbance? Severe anion 

gap metabolic acidosis.
2. Is there respiratory compensation?
3. Is there a tertiary abnormality?



Life-Threatening Acidosis in an Alcoholic

Henderson Equation:
[H+] = pCO2 x 24

[HCO3
-]



Life-Threatening Acidosis in an Alcoholic

Henderson Equation:
[H+] = pCO2 x 24

[HCO3
-]

Respiratory Compensation:
Expected pCO2 = 1.5 HCO3

- + 8
= 13.

But pCO2 = 23. Thus: ? Respiratory acidosis



Life-Threatening Acidosis in an Alcoholic

But: pt is hyperventilating, and is volume depleted 
(Hct on admission 46%, the following morning 
33% following IV fluids, i.e. 1.26L reduction in 
plasma volume, given BW of 65kg)

(Change in Hct is best indicator of volume status 
[Halperin]).

Increased pCO2 is not due to hypoventilation, but 
reduced muscle blood flow and thus reduced 
clearance of pCO2 .





H+ + HCO3
- = H2 CO3 = CO2 + H2 O



Life-Threatening Acidosis in an Alcoholic

Is there a tertiary abnormality?
HCO3

- = 24 - 3.3 = 21
AG = 42-12

= 32
Thus AG /HCO3

- > 1.
Normal [HCO3

-] is 24. Thus, if [HCO3
-] is 3.3 after buffering 

32mmol/l of acid, then it must have been much higher 
at onset of acidosis, ? due to vomiting.

This may indicate presence of metabolic alkalosis (but 
inaccurate in presence of volume depletion, because 
this affects HCO3

-).
Low [Cl-] supports likelihood of vomiting. 









Most important anion is Pr-. For every 1g reduction in 

serum albumin, AG falls by 2.3mmol/l. 
IgG cationic, IgA anionic

UC 13 UA 25





Life-Threatening Acidosis in an Alcoholic

pH 6.78
pCO2 23
HCO3

- 3.3
Anion Gap 44
AG 32

Lactate not yet received.
What is next step?



Life-Threatening Acidosis in an Alcoholic

PLASMA OSMOLAL GAP

Posm (measured): 328 mosm/kg
Posm (calc.): 286 mosm/kg
Osmolar gap 42 mosm/kg

(Normal < 10 mosm/kg)







TOXIC ALCOHOLS



TOXIC ALCOHOLS



Normal retina (left); optic neuritis (right)

Methanol intoxication: neurological effects

Putamen
infarcts



Ethylene glycol
 

-
 

presents with 
± CNS disturbances, 
cardiovascular collapse, 
respiratory failure, 
renal failure 

Oxalate crystals 
(octahedral or dumbell) 
in urine are diagnostic 

Anion gap may be > 50 

Osmolal
 

gap > 10 mOsm









Life-Threatening Acidosis in an Alcoholic

Since we thought that methanol poisoning 
was likely, even though the patient did not 
admit drinking methanol, IV Fomepizole 
(900mg) was administered, together with 
IV NaHCO3 and Thiamine 100mg. 
Blood was taken for a toxic alcohol screen. 
He was admitted to ITU, and we prepared 

hemodialysis treatment. 
Serum lactate was 24mmol/L.



Life-Threatening Acidosis in an Alcoholic
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METABOLIC ACIDOSIS IN THE 
ALCOHOLIC

(Halperin et al: Metabolism 1983; 32: 308.)
13 episodes in 10 pts:
pH 7.29+0.05
HCO3 13+2
AG 34+3
Lactate: 7.3+1.6
-OH-Butyrate: Normal (often raised in literature)
Thus, mild acidosis which is usually combination of 

lactic and ketoacidosis. Frequent concomitant 
metabolic alkalosis due to vomiting



ETHANOL, LACTIC ACIDOSIS & 
KETOSIS



Life-Threatening Acidosis in an Alcoholic

Since acidosis improved so rapidly, without 
need for dialysis, and lactate was very 
high (with high ketones in urine), it was 
probably due to combined lactic & 
ketoacidosis of alcoholism.

However, severity of acidosis very unusual 
in alcoholics.



ETHANOL & LACTIC ACIDOSIS



LACTIC ACID IS A METABOLIC DEAD END;
IT CAN ONLY BE METABOLIZED VIA 

PYRUVATE



PDH: Pyruvate dehydrogenase 
(Thiamine is coenzyme for PDH).



ETHANOL & LACTIC ACIDOSIS

Life-threatening acidosis following alcoholic 
binge due to alcoholic lactic and ketoacidosis

 Lactic acidosis of alcoholism probably rendered 
much more severe by co-existing
Thiamine deficiency.
This reduces activity of PDH, thus inhibiting 

metabolism of lactate.
This patient probably had severe thiamine 

deficiency.



ETHANOL, LACTIC ACIDOSIS & 
KETOSIS

Dietary analysis several months later:

• Diet was relatively constant.
• Weight was 65kg, height 1.64m, BMI of 24.17. 
• Caloric intake was 1525 Kcal/d

 
(expected intake 2262). 

• Of the calories ingested, 22% were from protein, 53% from fat, and 25% from 
carbohydrates.  
• Estimated vitamin intakes were as follows: Vitamin C: 8.4mg/d (9%

 
of RDA); 

Thiamine 0.47mg/d (39%
 

of RDA); Riboflavin 1.77mg/d (136% of RDA); Niacin 
11.9mg/d

 
(74% of RDA); Folic acid 132mg/d (33%

 
of RDA); B6

 
0.83mg/d 

(49% of RDA); B12 5.8mg/d (240% of RDA); Vitamin A 605mg/d
 

(67% of 
RDA); Vitamin E 6mg/d (40%

 
of RDA). 

•Thus the patient, even in a stable, non-drinking state had an inadequate 
intake of a number of vitamins, including vitamin C, thiamine, niacin, 
folic acid, B6, vitamin A and vitamin E.











LACTIC ACIDOSIS
Approximately 1400 mmol lactate produced/day, 

which are buffered by 1400 mmol HCO3
- to form 

sodium lactate. This is very efficient, since Plactate 
<2mmol/L. 

Liver oxidizes lactate to restore HCO3
-, and has 

major role in lactate homeostasis.
Kidneys metabolize 10-20% of total lactate 

metabolized, by excretion, gluconeogenesis and 
oxidation. Urinary excretion is minor, since renal 
threshold is 6-10 mmol.



LACTIC ACIDOSIS
TYPE A

Shock
Acute severe hypoxia
Acute severe anemia

TYPE B
Cyanide
Metformin (causes shift to anerobic metabolism, esp. in GI 

tract cells; decreased pHi , which decreases liver uptake and 
metabolism of lactate).

Reverse Transcriptase Inhibitors
Ethanol









Normal retina (left); optic neuritis (right)

Methanol intoxication: neurological effects

Putamen
infarcts



Ethylene glycol
 

-
 

presents with 
± CNS disturbances, 
cardiovascular collapse, 
respiratory failure, 
renal failure 

Oxalate crystals 
(octahedral or dumbell) 
in urine are diagnostic 

Anion gap may be > 50 

Osmolal gap > 10 mOsm























NEXT CASE
?האם יש ל כם עדיין כוח
:תזכרו את היפוקרטיס

 "ARS LONGA, VITA BREVIS"
) החיים קצרים, ה מקצוע ארוך(

http://www.google.com/imgres?imgurl=http://billdunlap.files.wordpress.com/2008/10/hippocrates2.jpg&imgrefurl=http://billdunlap.wordpress.com/2008/10/27/madness-takes-its-toll/&h=316&w=250&sz=9&tbnid=PtF8jwT2sPr3UM:&tbnh=117&tbnw=93&prev=/images%3Fq%3Dhippocrates%2Bpicture&hl=en&usg=__ToaMYLlTvnbqc84l2ZO7bvpgcB4=&sa=X&ei=wj00TOiDKo6VOLPjnKcO&ved=0CBsQ9QEwCA
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URINARY AG
(Na+ + K+) – Cl-:

• If negative: then anion (NH4+) is present in 
urine.

• If positive, then no NH4
+ is present in urine.

• In this case: urinary AG is (38+41-49) = 30
• Thus no NH4

+ in urine: i.e. absent H+ in urine (= 
distal RTA or Type 4 RTA)





CASE 2
• Non-anion gap acidosis
• Hypokalemia due to renal loss
• High urine pH
• Nephrocalcinosis
• Positive urinary AG (thus no urinary NH4

+)
• Hypercalciuria:
• Diagnosis: DISTAL RTA
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Hypo-
kalemia

in
distal RTA:

H + no
longer shunts

Na +
current so
K+ must

do so
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  "Those are my principles, and if 
you don't like them -

 
well, I have 

others "    
Groucho Marx

  

http://www.google.com/imgres?imgurl=http://minaretmuse.files.wordpress.com/2009/05/groucho.jpg&imgrefurl=http://www.growfruitandveg.co.uk/grapevine/vegging-out/would-velcro-stop-slugs_44947.html&h=473&w=432&sz=62&tbnid=yifune_YQ7KJ0M:&tbnh=235&tbnw=215&prev=/images%3Fq%3Dgrouch%2Bmark%2Bpicture&hl=en&usg=__j18GIznBuqhjfr_B7tOVUuw8uXA=&sa=X&ei=Li8nTKypE9OWON2pmK8C&ved=0CBMQ9QEwAw
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