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Pyroglutamic acid Acetaminophen-induced high-AG metabolic acidosis is uncommon but is being recognized more often in either
patients with acetaminophen overdose or malnourished or critically
ill patients receiving acetaminophen in typical dosage. 5-Oxoproline
accumulation after acetaminophen should be suspected in the setting
of an unexplained high-AG acidosis without elevation of the osmolar
gap in patients receiving acetaminophen. The first step in treatment is
to immediately discontinue the drug. Additionally, sodium bicarbonate IV should be given. Although N-acetylcysteine has been suggested,
it is not known if it hastens the metabolism of 5-oxoproline by increasing intracellular glutathione concentrations in this setting.

PART 2
Cardinal Manifestations and Presentation of Diseases

Renal Failure (See also Chap. 335) The hyperchloremic acidosis of
moderate renal insufficiency is eventually converted to the high-AG
acidosis of advanced renal failure. Poor filtration and reabsorption
of organic anions contribute to the pathogenesis. As renal disease
progresses, the number of functioning nephrons eventually becomes
insufficient to keep pace with net acid production. Uremic acidosis
is characterized, therefore, by a reduced rate of NH4+ production and
excretion. The acid retained in chronic renal disease is buffered by
alkaline salts from bone. Despite significant retention of acid (up to
20 mmol/d), the serum [HCO3-] does not decrease further, indicating participation of buffers outside the extracellular compartment.
Chronic metabolic acidosis results in significant loss of bone mass
due to reduction in bone calcium carbonate. Chronic acidosis also
increases urinary calcium excretion, proportional to cumulative acid
retention.
TREATMENT

Renal Failure

Because of the association of renal failure acidosis with muscle
catabolism and bone disease, both uremic acidosis and the hyperchloremic acidosis of renal failure require oral alkali replacement
to maintain the [HCO3-] >22 mmol/L. This can be accomplished
with relatively modest amounts of alkali (1.0–1.5 mmol/kg body
weight per day). Sodium citrate (Shohl’s solution) or NaHCO3 tablets (650-mg tablets contain 7.8 meq) are equally effective alkalinizing salts. Citrate enhances the absorption of aluminum from the
gastrointestinal tract and should never be given together with
aluminum-containing antacids because of the risk of aluminum
intoxication.
NON–ANION GAP METABOLIC ACIDOSES
Alkali can be lost from the gastrointestinal tract from diarrhea or
from the kidneys (renal tubular acidosis, RTA). In these disorders
(Table 66-5), reciprocal changes in [Cl-] and [HCO3-] result in a
normal AG. In pure non–AG acidosis, therefore, the increase in
[Cl-] above the normal value approximates the decrease in [HCO3-].
The absence of such a relationship suggests a mixed disturbance.
TREATMENT

Non–Anion Gap Metabolic Acidoses

In diarrhea, stools contain a higher [HCO3-] and decomposed HCO3than plasma so that metabolic acidosis develops along with volume
depletion. Instead of an acid urine pH (as anticipated with systemic
acidosis), urine pH is usually >6 because metabolic acidosis and
hypokalemia increase renal synthesis and excretion of NH4+, thus
providing a urinary buffer that increases urine pH. Metabolic acidosis due to gastrointestinal losses with a high urine pH can be differentiated from RTA because urinary NH4+ excretion is typically low
in RTA and high with diarrhea. Urinary NH4+ levels can be estimated
by calculating the urine anion gap (UAG): UAG = [Na+ + K+]u – [Cl-]u.
When [Cl-]u > [Na+ + K+]u, the UAG is negative by definition. This
indicates that the urine ammonium level is appropriately increased,
suggesting an extrarenal cause of the acidosis. Conversely, when the
UAG is positive, the urine ammonium level is low, suggesting a renal
cause of the acidosis.
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TABLE 66-5 Causes of Non–Anion Gap Acidosis
1. Gastrointestinal bicarbonate loss
A. Diarrhea
B. External pancreatic or small-bowel drainage
C. Ureterosigmoidostomy, jejunal loop, ileal loop
D. Drugs
1. Calcium chloride (acidifying agent)
2. Magnesium sulfate (diarrhea)
3. Cholestyramine (bile acid diarrhea)
II. Renal acidosis
A. Hypokalemia
1. Proximal RTA (type 2)
Drug-induced: acetazolamide, topiramate
2. Distal (classic) RTA (type 1)
Drug induced: amphotericin B, ifosfamide
B. Hyperkalemia
1. Generalized distal nephron dysfunction (type 4 RTA)
a. Mineralocorticoid deficiency
b. Mineralocorticoid resistance (PHA I, autosomal dominant)
c. Voltage defect (PHA I, autosomal recessive, and PHA II)
d. Tubulointerstitial disease
C. Normokalemia
1. Chronic progressive kidney disease
III. Drug-induced hyperkalemia (with renal insufficiency)
A. Potassium-sparing diuretics (amiloride, triamterene, spironolactone,
eplerenone)
B. Trimethoprim
C. Pentamidine
D. ACE-Is and ARBs
E. Nonsteroidal anti-inflammatory drugs
F. Calcineurin inhibitors
IV. Other
A. Acid loads (ammonium chloride, hyperalimentation)
B. Loss of potential bicarbonate: ketosis with ketone excretion
C. Expansion acidosis (rapid saline administration)
D. Hippurate
E. Cation exchange resins
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; PHA, pseudohypoaldosteronism; RTA, renal tubular acidosis.

Proximal RTA (type 2 RTA) (Chap. 339) is most often due to generalized proximal tubular dysfunction manifested by glycosuria, generalized aminoaciduria, and phosphaturia (Fanconi syndrome). With
a low plasma [HCO3-], the urine pH is acid (pH <5.5). The fractional
excretion of [HCO3-] may exceed 10–15% when the serum HCO3>20 mmol/L. Because HCO3- is not reabsorbed normally in the
proximal tubule, therapy with NaHCO3 will enhance renal potassium
wasting and hypokalemia.
The typical findings in acquired or inherited forms of classic distal RTA (type 1 RTA) include hypokalemia, non-AG metabolic acidosis, low urinary NH4+ excretion (positive UAG, low urine [NH4+]),
and inappropriately high urine pH (pH > 5.5). Most patients have
hypocitraturia and hypercalciuria, so nephrolithiasis, nephrocalcinosis, and bone disease are common. In generalized distal RTA
(type 4 RTA), hyperkalemia is disproportionate to the reduction in
glomerular filtration rate (GFR) because of coexisting dysfunction
of potassium and acid secretion. Urinary ammonium excretion is
invariably depressed, and renal function may be compromised, for
example, due to diabetic nephropathy, obstructive uropathy, or
chronic tubulointerstitial disease.
Hyporeninemic hypoaldosteronism typically causes non-AG metabolic acidosis, most commonly in older adults with diabetes mellitus
or tubulointerstitial disease and renal insufficiency. Patients usually
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