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STEOMALACIA after ureterocolic anastomo-
sis has been recognized for 25 years.' Its cause is
uncertain, but both renal damage and acidosis may
contribute.?* A requirement for vitamin D is varia-
ble: although vitamin 1) “‘resistance” has been docu-
mented’ other workers have suggested that only cor-
rection of acidosis, with little or no added vitamin D,
is necessary.®
25-Hydroxycholecalciferol is several times more pa-
tent than the parent vitamin in the treatment of vari-
ous forms of rickets®’ and is effective in renal osteo-
dystrophy.®1® The reason for its superior potency has
been somewhat clarified by recent comparison of rel-
ative plasma 25-hydroxyvitamin D levels produced in
different subjects.’ The analogue la-hydroxychole-
-calciferol'? closely resembles 1,25-dihydroxycholecal-

ciferol, the active hormenal form of the vitamin that is
synthesized only in kidney, and is even more potent

than 25-hydroxycholecalciferol.!*!* There are no re-
ports of the use of these metabolites in the treatment
of osteomalacia after ureterocolic anastomosis, nor
has the relative efficacy of all three compounds been

compared in any one patient with osteomalacia of re-

nal origin.

In the patient described below, the degree of “vita-
min D resistance’ was measured by the level of circu-
lating 25-hydroxyvitamin ) required to overcome it.
Our findings thus explain the superior potency of 25-
hydroxycholecalciferol over vitamin D that was found
and also indicate that vitamin IJ resistance in this con-
dition was of renal rather than end-organ origin.

METHODS

We performed metabolic balances in the classic manner,'* using
barium sulfate as an internal marker and carmine markers to sep-
arate successive four-day fecal-collection periods. Dietary calcium
was based on the patient’s calculated previous long-term intake. In
contrast to other metabolic studies in patients with ureterocolic
anastomosis the combination of a permanent colestomy and recto-
sigmoid bladder allowed complete separation of urine and feces.
Plasma 25-hydroxyvitamin D was measured by the protein-bind-
ing method of Haddad and Chyu,"” which recognizes equally
the 25-hydroxy derivatives of vitamin D, and vitamin D,.*® 25-Hy-
droxycholecalciferol was supplied by the UpJohn Company and la-
hydroxycholecalciferel by Leo Laboratories.

Case REPORT

In 1965 a 58-year-old woman underwent total cystectomy and
ureterocolostomy, followed by radiotherapy, for anaplastic bladder
carcinoma. Recurrent loin pain and pyrexia, and persistent hyper-
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chloremic acidosis subsequently developed, and she was treated
with intermittent antibiotics and sodium bicarbonate, 6 g daily. In
1969 a permanent colostomy with ureteric transplantation to the
rectosigmoid was performed, and infective symptoms subsequently
were better controlled. Nevertheless, acidosis persisted, and plas-
ma calcium between 1970 and 1972 ranged from 5.0 to 6.0 mg per
deciliter. In 1972 progressive muscle weakness and increasing bone
pain developed, Sodium bicarbonate was increased, but she took
medication irregularly and acidosis and hypocalcemia persisted.

On admission to the hospital in February, 1975, she had dry, in-
elastic skin and was unable either 1o rise from a chair or to walk be-
cause of bone pain and muscle weakness. Dietary history showed an
inadequate vitamin D intake of less than 50 IU daily. The hemo-
globin was 8.4 g, plasma caleium 6.1 mg (alburnin 3.5 g), and phos-
phorus 4.9 mg per deciliter, alkaline phosphatase 19 King-Arm-
strong Units, and the sodium 142, potassium 3.0, chloride 118, and
total carbon dioxide 6 meq per liter; blood urea was 102 mg per
deciliter. The pH was 7.30. Plasma 25-hydroxyvitamin D was low
at 5 ng per milliliter, but serum parathyroid hormone (kindly as-
sayed by Dr. J. L. H. O'Riordan) was normal, 0.3 ng per milliliter
{(antiserum 19% [Bu 211-32] — normal range, 0.13 to 1.0**}. Urine
was infected on culture, there was no aminoaciduria, and 24-hour
urine calcium excretion was 68 mg. X-ray examination showed
pseudofractures in the pubic rami and both femoral necks, together
with increased density in the theracolumbar spine. An intravenous
pyelogram showed moderate bilateral hydronephrosis. Iliac-crest
biopsy showed gross osteomalacia without hyperparathyroidism;
quantitation by Dr, P. D. Byers demonstrated the total area occu-
pied by bone to be 17.6 percent {normal range, 4.9 to 30.0), by os-
teoid 39.4 per cent {normal, 0 to 14.3) and by bone plus osteoid 57.0
per cent (normal, 4.9 to 30.0); the proportion of trabecular surface
covered by ostecid was 99.1 per cent (normal, 0 to 30.0), with re-
sorption of 0.0 per cent (normal, 4 to 20.0} (normal ranges were de-
rived from the literature®}.

In the expectation that the disease was due to a combination of
acidosis and vitamin D) deficiency the patient was treated first with
vitamin D,, 45 g (1800 IU) per day, and sodium bicarbonate was
increased to 12 g daily. After rehydration the plasma urea fell to 49
mg per deciliter (with a creatinine clearance of 28 ml per minute).
Plasma total carbon dioxide rose to 23 meq per liter in four days
and, apart from minor fluctuations, remained normal thereafter;
plasma phosphorus fell to 3.6 mg per deciliter and remained nor-
mal throughout. Other changes are shown in Figure 1. To our sur-
prise, at the end of 28 days she was unimproved symptomatically
despite attaining high normal plasma 25-hydroxyvitamin D (26 ng
per milliliter), nor had plasma alkaline phosphatase changed in re-
sponse to vitamin D and alkali. A slightly lower dose of 25-hy--
droxycholecalciferpl, 40 pg daily, was substituted, and she was
transferred to the Metabolic Ward. Within eight days bone pain
had disappeared, and she could easily rise unaided from a sitting
position. Plasma calcium rapidly returned to normal, alkaline phos-
phatase showed a gain consistent with healing for the first time, and
there was a rapid further fivefold increase in plasma 25-hydroxyvi-
tamin D {Figure 1). Metabolic balance studies showed strongly
positive calcium balance of 1000 mg per day with appropriate phos-
phorus retention of 589 mg per day not shown in Figure 1. Healing
continued during brief treatment with la-hydroxycholecalciferol
and vitamin Dy, 250 pg daily, was then substituted on discharge
when she was free of pain and walking well. However, this treat-
ment proved inferior to the previous, much smaller dose, of 25-hy-
droxycholecalciferol-D since five months later; muscle weakness
was again developing, her activity was declining, and plasma calci-
um had fallen to 7.8 mg per deciliter; plasma 25-hydroxyvitamin 1
had Fallen to 73 to 77 ng per milliliter (mean in 15 patients receiv-
ing 250 ug daily, 64"'). Plasma urea and creatinine had not risen,
nor had acidosis returned, Vitamin D, was therefore increased to
500 ug daily, and she again recovered (Fig. 1). After three months,
vitamin D, was stopped and la-hydroxycholecalciferol was substi-

" tuted, at first with 2 ug daily for three months and later with T ug

daily for seven months. Finally, unwitting withdrawal of lla-hy-
droxycholecalciferol for eight days precipitated hypoca]cer'mc tet-
any (without change in her adequate colostomy habit}, which was
reversed by the same dose within one week (Fig. 1). She remained
active and well in August, 1977.
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Figure 1. Clinical, Biochemical and Metabolic Balance Data.

Stippled areas represent normai ranges within our laborato-
ry; for 25-hydroxyvitamin D (25-OHD) this range is approxi-
mate (since the normal seasonal variation is not represent-
©d%). Note the negligible improvement during treatment with
vitamin D,, 45 ug daily over one month; the relation through-
out between clinical state, treatment and circulating 25-OHD
{note altered time scale after May, 1975), and the extreme
positive calcium balance produced by 25-hydroxycholecal-
ciferol (25-OHD,) despite our patient's age. Urine calcium
was less than 40 mg daily throughout and could not be rep-
resented. The arrow represents hypocalcemic symptoms of
short (eight days') duration when 1a-hydroxycholecalciferol
{1a-OHD3) was stopped.

DiI1sCUSSION

The osteomalacia associated with hyperchloremic
acidosis from ureterocolic anastomosis has been cured
with bicarbonate alone,? so that some authorities have
recommended vitamin D either in a small dose or not
at all’ Other studies using metabolic balance (but
without separation of urine and feces) have shown
that “vitamin-D-resistant” rickets may indeed oc-
cur.’ In our patient the surprising absence both of
clinical response and of change in alkaline phospha-
tase four weeks after rapid correction of both severe
acidosis and marginal vitamin D deficiency strongly
suggested that neither was a noteworthy factor in the
original production of her disease. Moreover, her es-
timated dietary calcium intake, on which her meta-
bolic balance study was based, appeared adequate.
Having clearly demonstrated resistance to treatment
by excluding these factors, we then attempted to in-
vestigate the nature of this resistance. The subse-
quent efficacy of a small dose of la-hydroxycholecai-
ciferol, 1 ug daily, showed that it was renal in origin.
The reason for this resistance has been better under-

stood since the demonstration that 1,25-dihydroxy-
cholecalciferol is synthesized only in remal tu-
bules,?*"** and their damage in any form of chrenic re-
nal disease may therefore inhibit synthesis of that vi-
tamin and produce “vitamin-D-resistant” renal rick-
ets (or osteomalacia). Studies of renal osteodystrophy
do not often differentiate the relative importance of
glomerular and tubular damage in determining the
type of resulting bone disease. QOur patient had only
moderate impairment of glomerular function; yet she
had very severe osteomalacia, which was resistant to
treatment with vitamin D in the physiologic dose
range, presumably owing to the preponderant renal
tubular damage produced by this unusual form of hy-
dronephrosis from chronic infective ureteric refiux.
We cannot exclude her earlier radiotherapy as a con-
tributory factor. On this basis the osteomalacia that
follows ureterosigmoidostomy may be more likely
than not to show “‘resistance” to vitamin D, contrary
to some earlier views.* Our patient’s long-term sensi-
tivity to la-hydroxycholecalciferol, 1 ug daily, to-
gether with the rapid relapse when she later stopped it
briefly, indicates moreover that her “vitamin-D-resis-
tant”’ disease was due to deficiency of renal vitamin D-
la-hydroxylase.

25-Hydroxycholecalciferol has been calculated on
clinical grounds (but without measurement of plas-
‘ma 25-hydroxyvitamin D) to be several times more
potent than the parent vitamins (vitamin D, or IJ,) in
the treatment of X-linked hypophosphatemic rickets
and anticonvulsant osteomalacia.” 25-Hydroxychole-
calciferol was also markedly superior to vitamin D), in
our patient, and the present study indicates the prob-
able reason, which has hitherto been poorly under-
stood. Plasma 25-hydroxyvitamin D rose to 26 ng per
milliliter during one month’s treatment with vitamin
D,, 45 ug daily, but when 25-hydroxycholecalciferol
itself was substituted (in slightly lower dosage of 40 ug
daily}, levels rose to 130 ng per milliliter in the same
interval. We should have expected little further rise in
our patient’s plasma 25-hydroxyvitamin D if either
treatment had been continued to clear steady-state
levels.!* The subsequent clinical inadequacy of vita-
min D, in a dose of 250 ug daily (appropriate circu-
lating 25-hydroxyvitamin D leveis confirming com-
pliance with treatment') further confirmed that her
vitamin-D-resistant osteornalacia was independent of
her original acidosis and that 25-hydroxycholecalci-
ferol was well over six times more potent on a weight
basis in our patient. This clinical superiority of 25-hy-
droxycholecalciferol over vitamin D, on a molar basis
was clearly related to the higher plasma 25-hydroxy-
vitamin D that it produced. A similar relation be-
tween dosage and plasma 25-hydroxyvitamin I lev-
els has recently been found in a large study among dif-
ferent subjects.!

The circulating level of plasma 25-hydroxyvitamin
D required to control any form of rickets or osteoma-
lacia, when treated with either vitamin D or 25-hy-
droxycholecalciferol thus appears to be a good index



of “resistance” to the vitamin; in our patient this re-
quirement lay above 77 and below 104 ng per millili-
ter. Whether a partial blockade in 1,25-hydroxycho-
lecalciferol synthesis due to renal tubular damage is
overcome by sufficiently high substrate levels, or
whether 25-hydroxyvitamin D itself at adequate con-
centration exerts a direct effect on target organs in
man is not certain. A direct effect of 25-hydroxyvita-
min D is not unlikely in view of the respense to vita-
min D or to 25-hydroxycholecalciferol that occurs in
nephrectomized patients.®*

We are indebted to Sister Dunsdon and the nurses of the Meta-
bolic Ward; to Miss Anne Hilb, Miss Elizabeth Stainthorpe and
Mrs. Christine Twigg, and te Dr. L. R. 1. Baker.
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