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Patients with impaired or absent renal function are sus-
ceptible to aluminium toxicity because: 1) aluminium en-
tering the body is not excreted by normal kidneys, 2) ex-
cess aluminium is poorly cleared by standard dialysis, and
3) parenteral loading with aluminium can occur via dialy-
sate with both hemo- or peritoneal dialysis. With current
practices, there remains a small risk that aluminium loa-
ding can occur via dialysate if water purification fails or if
the aluminium content of water increases markedly to ex-
ceed the capacity of the water purification system. Also,
oral aluminium intake may occur without knowledge of
those caring for the patient and/or ingested aluminium
may be absorbed with great efficiency, usually from con-
comitant citrate intake.

General management principles

The management of aluminium toxicity depends on the
type of toxicity present (Table 1), but certain important
principles include: 1) identi?ing the source of aluminium;
2) eliminating all sources of aluminium loading, 3) mini-
mizing factors in the patient that augment the pathogeni-
city of aluminium, and 4) enhancing removal of alumi-
nium from the body in the safest way.

Use of Deferoxamine

Original observations suggested that small and presu-
mably insignificant amounts of aluminium were removed
by dialysis procedures due protein-binding of aluminium.
Deferoxamine {DFO} was found to chelate aluminium and
enhance its removal from the body® by forming an ultrafil-
terable or ultrafitrable aluminium-DFO complex {aluminoxa-
mine), molecular weight, approximately 600 daltons; this
complex is removed by hemodialysis, albeit with only mo-
dest efficiency using cuprophane® dialyzers (dialyzer dlearance,
20-30 ml/min?). Twelve to 24 hours after infusing DFO to
an aluminium-loaded patient, the increment in plasma
aluminium approximates the rise in ultrafilterable alumi-
nium?; adding DFO to blood in vitro fails to augment ul-
trafilterable aluminium. Thus, DFO enhances extraction of
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aluminium from tissues into the plasma with insignificant
displacement of protein-bound aluminium from transfe-
riin®. The dialysis of aluminium is greatly augmented by
DFO, but three to five hemodialysis procedures are nee-
ded using cuprophan membranes to return plasma alu-
minium to the pre-DFO level. After dialysis with a <high
flux» polysulfone dialyzer, plasma aluminium falls after 2-3
hours to the pre-DFO level*; adding a sorbent cartridge
also augments aluminium clearance®. Following weekly
DFO infusions, the pre-DFO plasma aluminium levels gra-
dually fall unless aluminium loading continues, e.g. from
dialysate or aluminium gels. With repeated DFO infusions
and aluminium remova% via hemo- or peritoneal dialysis,
clinical symptoms of aluminium toxicity often impro-
ve %7 With aluminium bone disease (ABD), serum cal-
cium levels often fall and serum PTH levels rise. There is
a biphasic change in alkaline phosphatase, rising initially
followed by a decline toward normal. Bone pain decrea-
ses or disappears, muscular weakness improves, and bone
biopsies show reduced aluminium staining and improved
osteomalacia and bone formation rates®. With dialysis en-
cephalopathy, some patients show significant symptoma-
tic improvement but others progress despite DFO the-

rapy’.

Side Effects of Deferoxamine

With such beneficial effects, why not give DFO to all pa-
tients with aluminium toxicity? The magnitude and seve-
ritr of certain side effects, particularly the potential for fa-
tal infections, preclude DFO use except in patients with
life-threatening or severe toxicity that does not respond to
other treatment.

Another side effect is hypotension, particularly when
2-3 grams are give i.v. over les than 60-90 minutes; this
blood pressure responds to slowing the infusion rate. Acu-
te allergic reactions and thrombocytopenia have occurred.
Disturbed visual and/or auditory acuity, often but not al-
ways reversible, can occur, particularly with doses excee-
ding 30-40 mg/kg. These problems emphasize the impor-
tance of giving the lowest dose possible.

The most serious potential side effect is the occurren-
ce of fatal mucormycosis in significant numbers of dialysis
patients receiving DFO therapy®. The mucormycosis de-
veloping in DFO-treated dialysis patients develops rapidly,
is commonly rhinocerebral or disseminated, and is usually
fatal after a brief course (Fig. 1). Most cases are not sus-
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Table l. Types of aluminium toxicity and their features

Type of toxicity

Features

Comments

Fractures.
Bone pain.
Hypercalcemia.

Aluminium Bone Disease (ABD):
Osteomalacia.
«Aplastic» bone.

Criteria > 25 % surface staining and low BFR.
Epidemic and endemic forms 2.

Proximal myopathy.

Proximal muscular weakness.

Often coexists with ABD.

Dialysis encephalopathy. Speech abnormality.

Personality changes.

Temporal lobe symptoms.
Symptoms intermitient.

Symptoms often worse immediately after
ialysis.
Characteristic EEG.

Obtundation.
Seizures.
Coma (often fatal).

Acute aluminium intoxication V.

Serum Al > 200-300 pg/l.

Risk factors:

D-Al > 100-200 pg/I.

DFO therapy of severe Al toxici? ,
Intake of both citrate plus Al-gel ',

Cardiomyopathy. Not defined.

(See text)

Aluminium loading without symptoms. None.

Recognized by:

High S-Al;

High «Delta» after DFO test %; or
High bone Al content.

Microcytic anemia, not due to iron defi-
ciency.

Microcytosis (normal iron stores).

Abbreviations: BFR, bone formation rate; DFO, deferoxamine; S-Al, serum aluminium; D-Al, dialysate aluminium; «Delta», increment in S-Al after DFO; Aluminium,

27 pg/1 = 1.0 gmol/I.

pected during life but only detected at postmortem exa-
mination; many cases are missed and its incidence in
dialysis patients receiving DFO is unknown. The mecha-
nism for increased susceptibility is enhanced virulence of
the microorganism due to increased uptake of iron che-
lated by DFO, a natural microbial siderophore® ™. Dialysis
patients are more susceptible than DFO-treated, non-ure-

mic patients receiving DFO for hematologic disorders be-
cause feroxamine has a longer «half life» in the renal pa-
tient, where its removal depends on dialysis rather than
the rapid normal renal mechanisms.

When DFO therapy is essential in a dialysis patient, it
would seem safest if several guidelines were followed: The
lowest possible DFO dose should be used, e.g., 250 to

Deferoxamine

62 Cases of Mucormycosis All Patients

Deferoxamine Therapy and Mucormycosis Amoﬁg Dialysis Patients

Died 89 %

Lived 11 %

Fig. 1.—Prevalence of
deferoxamine therapy among
62 dialysis patients who
developed mucormycosis;
there was a very high mortality
among these patients receivin,
deferoxamine (DFO). Adapte
from Boelaert et al.”.

(DFO-treated)
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Ferroxamine Extracted

Mg per dialysis

0.9
0.6

0.3

Alukart/FH-160 Fresenius F-60

Dialyzer alone :]

Alukart/F-120

Alukart alone

Aluminoxamine Extracted

Mg per dialysis

1.8
1.5

1.2

0.9

0.6

0.3

Alukart/FH-160 Alukart/F-120

Combination

Fresenius F-60

Fig. 2.—Total amounts of aluminoxamine and ferrioxamine extracted after a dose of deferoxamine during three different set-Ust for dialysis, each

of which were done in 6 patients in different order and separated by at least 2 weeks. Hemoperfusion was done with the A

uKart® charcoal

hemoperfusion apparatus in combination with dialysis with both the FH-160 high efficiency 1.62 m* Hemophane ® membrane and the F-120
(1.20 m’} standard cuprophane membrane; an additional dialysis without hemoperfusion was done with the F-60 high flux, polysulfone dialyzer.
The numbers represent the harmonic means for 6 studies. Adapted from Vasilakakis et al."*.

500 mg/week; ideally, it should be given intramuscularly
8-12 hours before dialysis to optimize aluminium chela-
tion (and that of iron) but only a short time before the che-
lates will be removed by dialysis '". Dialysis should be done
using a «high flux» dialgzer combined with a sorbent char-
coal cartridge (Alucart ®, a combination removing both alu-
minoxamine and feroxamine most rapidly', as is shown
in Figure 2. With dialysis done 8-10 hours after giving DFO
intramuscularly, the patient’s exposure to high feroxami-
ne levels would be minimized. The safety of this thera-
peutic plan is unproven, and the safest choice is not to
give DFO except when there is no alternative, as addres-
sed below.

Elimination of aluminium exposure

Most reported trials of DFO therapy were in patients
using dialysate with relatively low aluminium levels
(<20 pg/l) and as aluminium gels were continued. With
recognition of the pathogenic role of oral aluminium
gels * and wide introduction of phosphate-binding agents

* that contain no aluminium™, altematives to DFO are avai-
lable. The combined use of aluminium-free dialysate
(<5-10 ug/l) and total withdrawal of aluminium-contai-
ning drugs in aluminium-loaded patients permits assessing
the efficacy of total aluminium withdrawal. When dialysis
patients with aluminium loading or features of aluminium
toxicity are totally withdrawn from aluminium exposure,
serum aluminium levels and the increment in plasma alu-
minium after a DFO infusion fall and the histologic featu-

res of aluminium toxicity on bone biopsy either disappear
or improve substantially . Thus, the tota{ removal of ESRD
patients from aluminium exposure results in substantial
improvement of aluminium-related bone disease. The ex-
perience with such management of aluminium overload
is less than with DFO therapy; such inexperience has oc-
curred, in large part, due to the rarity of aluminium toxi-
city among dialysis patients managed without exposure to
aluminium.

Role of citrate to augment aluminium absorption

An important aspect of managing and preventing alu-
minium toxicity is awareness that citrate markedly enhan-
ces aluminium absorption; this occurs with citric acid, so-
dium citrate, calcium citrate, etc. The augmentation of alu-
minium absorption is marked —e.g., increases 6-to
20-fold . Citrate ingestion, unknown to the physician or
from a source not known to contain citrate (e.g., AlkaSelt-
zer), can produce severe aluminium toxicity from oral
aluminium gels. Many if not all the patients developing
aluminium toxicity before needing dialysis probably recei-
ved citrate concomitantly™. The sources include Shohf’s
solution or Bicitra ® (given to treat metabolic acidosis), cal-
cium citrate (recommended as a phosphate binder), cer-
tain over-the-counter preparations, such as AlkaSeltzer ®,
and the excessive intake of orange juice. The latter occu-
rred in a CAPD patient «addicted» to orange juice but not
requiring fluid restriction. No other factor increases alumi-
nium absorption to the degree produced by citrate, and
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a careful inquiry into sources of citrate is important when
one encounters aluminium toxicity. When aluminium
hydroxide, aluminium carbonate, or sucralfate is absolu-
tely required by a dialysis patient, the patient must be war-
ned to avoid all citrate-containing compounds. When ci-
trate is being in%ested, it should be discontinued and plas-
ma aluminium levels should be followed serially.

Elimination of situations predisposing to aluminium
toxicity

® Acute aluminium toxicity

The rapid elevation of plasma aluminium to levels abo-
ve 200 to 300 pg/l can be associated with the appearan-
ce of acute central nervous system (CNS) toxicity . This oc-
curs when dialysis patients are exposed to very high alu-
minium levels in dialysate, when aluminium absorption is
markedly enhanced by citrate ', or when DFO treatment
is started in a patient with marked aluminium overload,
leading to markedly elevated plasma aluminium levels™.
Whether the acute CNS toxicity arises from the very high
plasma aluminium levels or whether some intrinsic factor,
such as aluminium chelation by citrate or DFO, enhances
aluminium movement into the CNS and precipitates the
toxicity is unknown. When such toxicity develops during
DFO therapy, the CNS symptoms have reversed when
DFO was stopped temporarily and later restarted at a lo-
wer dose (e.g., <250 mg/week)™. .

* Toxicity affecting bone

A preexisting state of low bone turnover or abruptly lo-
wering the PTH level with consequent reduced bone
turnover enhances the toxic effect of a given body bur-
den of aluminium. On the other hand, the presence of a
high bone turnover-state, such as severe hyperparathyroi-
dism, largely prevents a toxic action of aluminun on
bone?. Tius, patients who have had a previous parathy-
roidectomy, those with diabetes mellitus, which is more
commonly associated with low bone tumover, or those
who received glucocorticoid therapy (with an effect to de-
creased osteoclast function) are at greater risk to develop
aluminium bone disease after exposure to aluminium?';
hence, such patients should avoid aluminium gels or ca-
rafate.

When a nephrologist encounters a patient with bioche-
mical evidence of both hyperparathyroidism and alumi-
nium loading, initial efforts should be directed toward
treating aluminium toxicity, with later attention to the
hyperparathyroidism. For example, in a dial{sis patient
with a high plasma aluminium level (> 100 pg/l) or a subs-
tantial rise in serum aluminium after DFO infusion (incre-
ment, > 150 pg/l)2 combined with an intact PTH level
greater than 8-to 10-times normal, overt aluminium toxi-
city is likely to appear if the PTH levels are reduced first.
In such a patients, all aluminium should be withdrawn
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(both in dialysate and from aluminium-containing gels),
and only calcium-containing phosphate-binders should be
given until the plasma aluminium levels fall. Calcitriol the-
rapy should not be added unless hypocalcemia appears.
If this patient develops hypercalcemia, the dialysate cal-
cium should be lowered to 2.5 mEqg/I or even as low as
2.0 mEg/I to permit continued use of calcium-containing
phosphate binders. If hypercalcemia persists despite this
maneuver and if there are symptoms of bone pain and/or
muscular weakness, low doses of DFO therapy may be
needed for a few weeks or until serum calcium levels fall.
After serum aluminium levels are reduced, preferably to
below 30-40 pg/|, this patient will be a candidate for pul-
se-dose calcitriol therapy or parathyroidectomy to mana-
ge the secondary hyperparathyroidism. Thus, there should
be no rapid reduction of PTH levels until the aluminium
burden has dissipated substantially. In this situation, a
bone biopsy is useful to identify the presence of signifi-
cant aluminium staining before parathyroid surgery.

Management of specific types of aluminium toxicity

There are specific therapeutic considerations for trea-
ting the different forms of aluminium toxicity (Table II).

Aluminium-related bone disease

If symptoms (fractures, bone pain, or proximal weak-
ness) or hypercalcemia is/are absent, DFO therapy is not
justified; all aluminium should be withdrawn and calcium-
containing phosphate binders used while dialysate cal-
cium is lowered to 2.5 mEg/l; PTH levels should be redu-
ced cautiously (see above). If hypercalcemia develops, a
brief course of DFO therapy may be justified. The dose
should be 250 mg every 7 to 10 days with the duration
of treatment less than 4-6 months.

If symptoms are present, aluminium should be with-
drawn for 5-6 months; if symptoms improve, such therapy
should be continued. If no improvement occurs after 5-6
months, a therapeutic trial with DFO, as described above,
is justified. Therapy would also be justified if hypercalce-

Table II.  Management of different types of Aluminium

toxicity
Type Initial Chelation with DFO

Bone disease Not indicated
Dialysate Al | Add after 5-6 mo

Encephalopathy <0.3 nM/l | 250 mg q 8-10 days

Acute Al toxicity and 250 mg q 8-10 days

Anemia No Alﬁels Not indicated

Asymptomatic an Not indicated

Cardiomyopathy No citrate | Possibily indicated

Abbreviation: DFO, deferoxamine.



mia persists despite lower calcium in dialysate and serum
phosphorus levels cannot be controlled with calcium-con-
taining binders.

Proximal myopahty

Proximal muscular weakness should be managed the
same as aluminium-related bone disease: DFO therapy is
not justified until after a trial of total aluminium withdra-
wal; it is imperative that aluminium toxicity be documen-
ted by demonstrating significant aluminium staining on
bone biopsy before DFO therapy.

Dialysis Encephalopathy

The finding of typical dialysis encephalopathy (Tabla ),
with the diagnosis confirmed by electroencephalogram
and features of aluminium loading, justifies starting DFO
therapy. The initial dose should be 250 mg every 7 to 10
days, with high flux dialysis and a sorbent cartridge used
after each dose of DFO. If the plasma aluminium levels in-
crease above 400 to 500 pg/! after DFO, the dose of DFO
should be reduced and it should be given less fre-
quently™. The duration of treatment should be 4 to 6
months or until the patient’s symptoms improve.

Acute aluminium Intoxication

If this syndrome appears during DFO therapy™, the
DFO should be temporarily stopped and restartedy at a lo-
wer dose after clinical recovery has ocurred. When this
syndrome arises from markedly elevated dialysate alumi-
nium levels or the ingestion of aluminium combined with
citrate, these causal factors must be remedied. Under such
circumstances, low dose DFO therapy should be utilized,
but the prognosis is grave and there is no experience in-
dicating that DFO therapy can reverse this syndrome ™.

Aluminium-related microcytic anemia (Iron deficiency
absent)

This clinical finding would not justify the risk of DFO
therapy; all aluminium should be stopped.

Cardiomyopathy associated with aluminium overload

If a patient has: 1) aluminium loading, 2) aluminium
deposition within the myocardium, and 3) severe car-
. diomyopathy without any other cause, DFO therapy may
be justified; however, there are no data to indicate that
such treatment can modify the outcome.

' Aluminium-loading without Clinical Manifestations

There should be total withdrawal of aluminium expo-
sure; DFO should not be given unless hypercalcemia de-
velops and persists despite lower calcium levels in dialy-
sate.
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