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Section V Renal Disease

more severe defect in ammonia (NH3) availability than in H+
secretion. In patients with structural damage to the collecting
duct, the urine pH may be alkaline, reflecting impaired H+ secretion and decreased urinary NH4+ excretion.
The syndrome is most often associated with mild or moderate
renal insufficiency. However, the magnitudes of hyperkalemia
and acidosis are disproportionately severe for the observed
degree of renal insufficiency (Table 27-2).
The primary goal of therapy is to correct the hyperkalemia. In
many instances, lowering the serum K+ level simultaneously corrects the acidosis by restoring renal NH4+ production, increasing
the buffer supply for distal acidification.
Renal Tubular Acidosis of Renal Insufficiency
Patients with chronic kidney disease initially develop a normal
anion gap (hyperchloremic) metabolic acidosis associated with
normokalemia as the GFR falls below 30 mL/min. With more
advanced chronic kidney disease (GFR <15 mL/min), the acidosis changes to predominately an anion gap metabolic acidosis,
reflecting a progressive inability to excrete phosphate, sulfate, and
the Na+ salts of various organic acids. At this stage, the acidosis
is commonly referred to as uremic acidosis.
Correction of the metabolic acidosis in patients with chronic
kidney disease is achieved by treatment with NaHCO3 (0.5 to
1.5 mmol/kg/day), beginning when the HCO3− level is less than
22 mmol/L. Metabolic acidosis should be aggressively treated
because it can contribute to metabolic bone disease and increase
catabolism in chronic kidney disease patients.
Extrarenal Origin of Metabolic Acidosis
Diarrhea
Loss of HCO3− in intestinal secretions beyond the stomach leads
to development of metabolic acidosis. Volume loss signals the
kidney to increase reabsorption of salt. Renal retention of NaCl
combined with the intestinal loss of NaHCO3 generates a normal

TABLE 27-2 CAUSES OF HYPERKALEMIC DISTAL
(TYPE IV ) RENAL TUBULAR ACIDOSIS
I. Mineralocorticoid deficiency
A. Low renin, low aldosterone levels
1. Diabetes mellitus
2. Drugs
a. Nonsteroidal anti-inflammatory agents
b. Cyclosporine, tacrolimus
c. β-Blockers
B. High renin, low aldosterone levels
1. Adrenal destruction
2. Congenital enzyme defects
3. Drugs
a. Angiotensin-converting enzyme inhibitors
b. Angiotensin II receptor blockers
c. Heparin
d. Ketoconazole
II. Abnormal cortical collecting duct
A. Absent or defective mineralocorticoid receptors
B. Drugs
1. Spironolactone, eplerenone
2. Triamterene
3. Amiloride
4. Trimethoprim
5. Pentamidine
C. Chronic tubulointerstitial disease

anion gap (hyperchloremic) metabolic acidosis. Net acid excretion markedly increases due to increases in urinary excretion of
NH4+. Hypokalemia as a result of gastrointestinal losses and the
low serum pH stimulate the synthesis of NH3 in the proximal
tubule. Increased availability of NH3 to act as a urinary buffer
allows a maximal increase in H+ secretion by the distal nephron.
Urine pH during chronic diarrheal states may be persistently
greater than 6.0 due to the large increase in buffer capacity.
A patient who has hypokalemic hyperchloremic metabolic
acidosis with a urine pH greater than 5.5 may have a diarrheal
condition or hypokalemic distal RTA (type I RTA). Although
the clinical history would be the easiest way to distinguish
between these two possibilities, in a patient with surreptitious
laxative abuse, it may not be helpful. Determination of the UAG
is the best way to differentiate them. In diarrhea, the urine
pH is high because of the large amount of NH4+ in the urine.
This is reflected by a negative UAG value because most of the
NH4+ is excreted in the urine as NH4Cl. In hypokalemic distal
RTA, the urine pH is high because of the inability to secrete H+
in the distal nephron. Urinary excretion of NH3 is very low, and
the UAG is positive.
Ileal Conduits
Surgical diversion of the ureter into the intestine may lead to
development of a normal anion gap (hyperchloremic) metabolic
acidosis due to systemic reabsorption of NH4+ and Cl− from the
urinary fluid and exchange of Cl− for HCO3− through activation
of the Cl−/HCO3− exchanger in the intestinal lumen. The main
determinants for this complication are the length of time urine is
in contact with the bowel and the total surface area of bowel
exposed to urine.

Anion Gap Metabolic Acidosis
Lactic Acidosis
Lactic acidosis is generated when an imbalance develops between
the production and use of lactic acid. Accumulation of a nonchloride anion accounts for the increase in the anion gap. In severe
exercise and grand mal seizures, lactic acidosis can develop as a
result of increased production. The short-lived nature of the acidosis in these conditions suggests that a concomitant defect in
lactic acid use occurs in most conditions of sustained and severe
lactic acidosis.
Type A lactic acidosis is characterized by disorders in which
there is tissue hypoperfusion or acute hypoxia. These disorders
include cardiopulmonary failure, severe anemia, hemorrhage,
hypotension, sepsis, and carbon monoxide poisoning. Type B
lactic acidosis occurs in patients with a variety of disorders that
have in common the development of lactic acidosis in the absence
of overt hypoperfusion or hypoxia (Table 27-3).
d-Lactic

Acidosis
d-Lactic acidosis is a unique form of metabolic acidosis that can
occur in the setting of small bowel resections or in patients with
a jejunoileal bypass. These short-bowel syndromes create a situation in which carbohydrates that are normally extensively reabsorbed in the small intestine are delivered in large amounts to the
colon. In the setting of colonic bacterial overgrowth, these

