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Metabolic complications, including hyponatremia and metabolic acidosis have been reported following urinary diversion

operations, occasionally together with hyper- or hypokalemia, depending on the bowel segment used. While Hypokalemia often

accompanies ureterosigmoidostomy and may develop following ileal conduits, we report a rare case of recurrent life threatening

hyperkalemia following this procedure, associated with hyponatremia and acidosis. Reviewing the English literature (1973 to

2016) we found 25 cases of hyperkalemia complicating ureteral diversion procedures, mostly after jejunal conduits. Only five

cases of hyperkalemia were described after ileal conduit surgeries, including the current report. We discuss the nature of the

metabolic and electrolyte disturbances following urinary diversion and debate possible reasons for the rare cases of hyperkalemia

complicating ileal conduits.
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1. INTRODUCTION

Ureteral diversion is a urologic procedure complementing
bladder resection, in which the ureters are implanted into the
sigmoid colon or into a conduit made of a segment of the
small intestine.!""?! Implantation into the sigmoid has been
largely abandoned due to severe metabolic problems and the
increased risk of developing cancer. Diverse metabolic com-
plications have been described following these procedures,
usually with metabolic acidosis, hyponatremia and hyper-
or hypokalemia, depending on the bowel segment used.!
These complications evolve as the consequence of urine

in the gut, and principally develop due to prolonged urine
transit time, promoting ion and water transport or diffusion
across the gut mucosa. While hypokalemia typically charac-
terizes patients with ileal conduits, herein we present such
a patient with the rare combination of metabolic acidosis,
hyponatremia and repeated episodes of severe hyperkalemia.

2. CASE PRESENTATION

A 70-year-old woman with advanced high-grade transitional
cell carcinoma of the urinary bladder with bone and lung
metastases underwent bladder resection with the formation of
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an ileal conduit, with subsequent chemotherapy with carbo-
platin and gemcitabine. During the first two months follow-
ing surgery she was hospitalized twice due to hyperkalemia
and hyponatremia, (reaching 6.7 meq/L and 122 meq/L, re-
spectively) despite omitting treatment with enalapril. Note-
worthy, biochemical and acid-base indices prior to bladder
resection were all within normal limits. Four months later she
presented with progressive shortness of breath and pleuritic
chest pain. Her medications included insulin and omepra-
zole. On physical examination she appeared cachectic and
dyspneic, with normal vital signs other than tachypnea and
cyanosis, and without evidence of hypovolemia. Physical
examination revealed findings compatible with massive Rt.
pleural effusion, confirmed by chest X-rays. The ileal con-
duit was intact, draining straw colored urine.

Table 1. Laboratory data on admission

Hb 11.7 g/dl (12-15)
cBC WBC 11 x 10% micro L (4-10.8)
Platelets 610 x 10° micro L (130-400)
MCV 87 fl (80-98)
Na 124 mmol/L (133-145)
K 7.5 mmol/L(3.4-5.3)
Cl 93 mmol/L (95-110)
Glucose 221 mg/dl (70-99)
Biochemistry BUN 57 mg/dl (5-20)
Scr 1.18 mg/dl (0.4-1.3)
Ca 8.6 mg/dl (8.5-10.8)
Mg 2.28 mEg/L (1.3-2.4)

IP 2.2 mg/dl (2.5-4.5)

pH 7.17 (7.35-7.45)
PCO, 52 mmHg (35-45)

Blood gases PO, 22 mmHg (75-90)
HCO; 16.9 mmHg (22-26)
Lacate 3.8 mmol/L (0-1.3)
Na 30 mmol/L

. . K 18 mmol/L

Urine chemistry
pH 8 (5-7.5)
Osmolarity 383 mOsmol/kg (100-1,200)

Basal cortisol
Stimulated
cortisol

1,181 nmol/L (138-690)

Endocrinology > 1.350 nmol/L

Note. CBC = Complete blood count; Hb = Hemoglobin; Scr = Serum creatinine;
BUN = Blood urea nitrogen; IP = Inorganic phosphate.

Laboratory evaluation, outlined in Table 1, disclosed normal
anion-gap mixed metabolic and respiratory acidosis, asso-
ciated with severe hyperkalemia (7.5 mmol/L) and hypona-
tremia. Electrocardiography showed tinted T waves on pre-
cordial leads compatible with hyperkalemia. The urine sedi-
ment was unremarkable and culture yielded mixed bacterial
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growth. Abdominal sonography demonstrated hypoplastic
kidneys (8.5 cm in size) without any lesions, hydronephro-
sis or stones. Basal and ACTH-stimulated cortisol levels
ruled out Addison’s disease (see Table 1). Tumor lysis and
rhabdomyolysis were also excluded.

Hyperkalemia was successfully managed within 24 h with
calcium gluconate, glucose-insulin infusion, inhalation of
salbutamol and oral kayexalate. A chest tube, inserted into
the Rt. pleural space drained 1,500 ml of malignant pleu-
ral effusion containing malignant cells of urinary bladder
origin. Palliative treatment was administered and the pa-
tient died three days later with respiratory failure related to
re-accumulation of pleural fluid.

3. DISCUSSION

Our patient with metastatic carcinoma of the uroepithelium
developed normal anion-gap metabolic acidosis (with con-
comitant respiratory acidosis), hyponatremia and severe hy-
perkalemia following bladder resection and the creation of an
ileal conduit. While hyponatremia and hypokalemia are com-
mon metabolic complications of ileal conduit, hyperkalemia
has rarely been encountered in these settings, and only four
such patients have been reported so far in the English litera-
ture.

Hyponatremia and hyperchloremic (normal anion gap)
metabolic acidosis, found in our patient are common compli-
cations in most surgical procedures using intestinal segments
for urinary diversion. The former reflects uncontrolled water
absorption by passive diffusion across the intestinal wall,
preventing the excretion of diluted urine, in the same way hy-
ponatremia develops in patients with uroperitoneum.* The
pathogenesis of hyperchloremic acidosis is more complex.
It develops in some 80% of patients with ureterosigmoidos-
tomy and is related to the luminal anion exchanger SLC26A3
that absorbs chloride and secretes bicarbonate across the sig-
moid mucosa. Furthermore, breakdown of urea by intestinal
bacteria with the consequent generation and absorption of
ammonium also contributes to metabolic acidosis, as it under-
goes transformation into urea with the generation of protons
in the liver. Thus, acidosis is a major problem following
ureterosigmoidostomy,®! but it is less prominent in patients
with ileal neo-bladder, reflecting reduced contact of urine
with the bowel mucosa. Indeed, in a large series of patients
with ileal conduit, severe metabolic acidosis developed in
only one percent of patients, although nearly one-half of them
received alkalinizing treatment for mild acidosis.[®! Interest-
ingly, acidosis and hyponatremia were not encountered in
patients with neo-bladders made of the ileo-cecal segments,
as compared with traditional ileal conduits.!”! The most com-
mon association of acidosis and urinary diversion procedures
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makes the surgical procedure the most likely cause. Yet,
additional causes for normal anion gap acidosis should be
considered, such as other disorders with gastrointestinal loss
of bicarbonate or acquired urinary acidification defects. This
later possibility is suggested by the high urinary pH. How-
ever, we could not reveal a possible cause for acquired renal
tubular acidosis in this case. Furthermore, urinary evaluation
of samples obtained from an ileal pauch may be mislead-
ing: Likely, pH was determined in urine collected over a
protracted period, containing numerous microbes, leading
to a false reading of alkalosis due to urea breakdown to am-
monia. Furthermore, pancreatic bicarbonate excretion could
also increase urinary pH in this setup.

Regarding altered potassium balance, normally it is absorbed
along the alimentary tract, with a net 84% fractional potas-
sium absorption on the average in normal individuals. Potas-
sium uptake takes place principally in the jejunum, with an
estimated uptake of about 60 mEq/day.®! However, studies
performed in patients with ileostomy, with or without partial
ileal resection, indicate that some potassium uptake takes
place along this intestinal segment as well.’! By contrast,
net colonic handling of potassium is negative, presumably
due to active potassium excretion, as well as loss by mu-
cosal shedding and mucous excretion./®! In the presence
of urine in contact with the gut mucosa these factors may
lead to dramatic diverse changes, depending upon the gut
segment involved. Indeed, ureterosigmoidostomy has often

been associated with hypokalemia,!'”! which might be in-
tensified by renal losses, mediated by protracted metabolic
acidosis,'! with effective volume depletion and activated
renin-angiotensin-aldosterone axis.!?!

By contrast, uretero-jejunostomy has been associated with
hyperkalemia, presumably due to potassium reabsorption by
the jejunal mucosa.['¥ Reviewing the literature published
between 1973 and 2016 we found 25 cases of hyperkalemia
complicating ureteral diversion procedures, 20 after jejunal
and five, only (including our patient), after ileal conduit surg-
eries (see Table 2). Peak incidence was in patients aged 60-
70 years. Male gender was predominant, involving 82% of
patients. The indication for surgery in most patients was ma-
lignancy, either of the bladder or the uterine cervix. A single
study involved pediatric patients who underwent jejunal con-
duit surgery for neurogenic bladder and hydronephrosis.!'*!
Hyperkalemia developed as early as two weeks after surgery,
or presented later, by up to 2 months following surgery. Pre-
senting symptoms were non-specific with nausea, vomiting
and general weakness. One patient presented with quadriple-
gia, and another—with altered consciousness. In addition to
hyperkalemia, hyponatremia was found in 70.8% of patients,
(17 of 24 patients with available data), and 21/24 patients
presented also with acute kidney injury, related perhaps to
dehydration and fluid loss through the conduit (no data in
one case).

Table 2. Reported case of hyperkalemia following ureteral diversion procedures

Gender . Presentation K Na

Author NOP Age(Y) M/F) TOC Indication for surgery w) (MEg/L)  (mmaliL) pH Treatment

Golimbu ™, 56, 53, . } . Salt,

1973 ND 1,1 Jejunal Malignancy (1), ND (4) 1.5-4 5.7-72 114-132 ND Bicerbonate

Malignancy (4),
Clark ™, 1974 9 1.5-69 8 1) Jejunal  Hydronephrosis (3), 2-6 558 118-135 ND ND
Neurogenic bladder (2)
Ma&nsson (€l " Kayexalate
' - 4,1 j Mali 15 .2-8.2 119-1 7.24 '
1978 5 48-63 4,1 Jejunal alignancy 5-6 5.2-8 9-135 Bicarbonate
im [17

fgg:he'm ‘ 52 (L0  Jgund  Malignancy <2 7 130 7.4 ND

Tak 9, 1993 1 67 0,12) lleal Malignancy 2 4864 126-130 7.4 Kayexalate

Koba™ 2004 1 77 (1,0) lleal ND ND 6.9 134 74 ND

Eskandar Low K*

' 77 1 Il ND 1 1 ND

2008 €0 e < 5 3 enteral diet

Hiew [ 2013 1 80 (1,0) lleal ND >16 9.1 ND ND ND
Kayexalate,

?Cajjrr;tzrgim 70 (L0  llea  Maignancy 10 75 124 717 Insulin,
Salbutamol

Note. YOP = Year of publication; NOP = Number of patients; TOC = Type of conduit; * = 3 patients with undetermined gender; ** = Data available only for 1 patient; Y = Year;

W = Weeks; M = Male; F = Female. ND = Not determined.

The low incidence of hyperkalemia in patients with ileal
conduits described in our literature review conceivably re-
flects the lower capacity to absorb potassium by the ileal
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mucosa, as compared with jejunal segments.!'?! The reason
for its presence in our patient as well as in the four addi-
tional reported cases with ileal conduits is obscure. Surgical
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fault with the unintentional use of jejunal rather than ileal
loops is unlikely in our patient, with the absence of previous
abdominal surgery that could have led to anatomical distor-
tion and mis-identification of the intestinal segments. Renal
failure, increased dietary KT intake or intensified metabolic
acidosis!® with concomitant respiratory acidosis might have
also abruptly worsened hyperkalemia. However, that might
not be the only explanation, especially since respiratory and
renal compromise did not occur in the two prior admissions
with hyperkalemia. Therefore, it is tempting to assume that
in some patients ileal loops may have a better capacity of
potassium uptake, comparable to the jejunal mucosa, espe-
cially when protractedly exposed to urinary potassium load,
as happens with ileal pouch outflow stenosis.

In the absence of evolving renal failure, additional possible
causes of true hyperkalemia, other than the consequence
of the surgical procedure have been considered, such as en-
hanced endogenous input, addison’s disease or hyporeninism-
hypoaldostronism. The first two options were ruled out in
the absence of overt rhabdomyolysis, hemolysis or tumor
lysis, and with the determination of high plasma cortisol.
The unstable and terminal clinical condition and the need for
intensive treatment of hyperkalemia precluded further evalu-
ation of potassium homeostasis and urinary acidification and
of the rennin-aldosterone axis. Estimated TTKG of about
2 suggests hypoaldostronism. Nevertheless, we could not

identify causes for recently acquired hypoaldostronism in the
patient’s clinical course. Furthermore, as with pH determi-
nation, TTKG assessment is likely useless in urine samples
obtained from the ileal pouch, with potassium affected by
transporters in the intestinal mucosa. Thus, without the de-
termination of renin and aldosterone we cannot confirm that
hypoaldostronism likely contributed to hyperkalemia. Yet,
this case illustrates that despite the intuitive linking of ac-
quired hyperkalemia and normal anion-gap acidosis with the
surgical procedure, a careful consideration of other differen-
tial diagnoses should be carried out, with a critical clinical
assessment, based on medical history, physical examination
and complementing laboratory evaluation.

4. CONCLUSION

Metabolic abnormalities due to ileal/jejunal conduit surgery
are common, chiefly hyponatremia, metabolic acidosis and
hypokalemia. Hyperkalemia has been reported following uri-
nary diversion using jejunal conduits, but may rarely develop
following ileal conduit as well. Clinicians should be aware of
these abnormalities and blood electrolytes and acid-base sta-
tus should be closely monitored for several months following
surgery for the early detection of potential life-threatening
metabolic abnormalities.
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