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Controlled intravascular
sodium nitroprusside
treatment
Controlled intravascular infusion of sodium nitroprusside is
being used in a growing list of clinical conditions. These
include the treatment of refractory hypertensive crises,
reduction in cardiac afterload in left ventricular dysfunction,
controlled hypotension during surgery, the postoperative
control of haemorrhage, control of dissecting aortic aneurysms,
and the treatment of peripheral ischaemia induced by
ergotamine.1-3 The drug acts locally on vascular smooth
muscle, causing vasodilatation and so reducing both systemic
and pulmonary arterial and venous pressures. Its effect has a
rapid onset, and its pharmacological effects are reversed
within a few minutes of stopping the infusion. Though the
treatment is usually straightforward, complications have been
reported, with at least three deaths.4 The safe use of sodium
nitroprusside depends on knowledge of its potential toxicity
and an appreciation of the variability of pharmacological
responses. Treatment should be carried out only in units with
staff who are aware of the possible hazards and in which
continuous cardiovascular monitoring and a rapid clinical
chemistry service are available.
That sodium nitroprusside can give rise to cyanide has

been recognised from animal and clinical studies.5 6 It
penetrates erythrocytes, where electron transfer from haemo-
globin iron to nitroprusside yields methaemoglobin and an
unstable nitroprusside radical. This breaks down, liberating
all five cyanide radicals, one of which is trapped by the
methaemoglobin.7 Though some breakdown of nitroprusside
may also occur in plasma some of the liberated cyanide
diffuses into erythrocytes, adding to that produced through
the reaction with haemoglobin.8 Indeed, only a small
proportion of the cyanide produced from an infusion is found
in plasma, and the remainder (over 900') is within erythro-
cytes. Vesey et a18 have shown that immediately after an
infusion of sodium nitroprusside 98% of the total blood
cyanide is in erythrocytes; part is bound as cyanmethaemo-
globulin but the major fraction is fixed in an undefined way.
Since erythrocyte cyanide is firmly bound the freely diffusible
plasma cyanide is probably the main determinant of toxicity.9
The plasma fraction readily diffuses into tissue fluids, including
cerebrospinal fluid,10 and produces a cytotoxic hypoxia by
inhibiting tissue cytochrome oxidase activity. In one death
associated with the use of sodium nitroprussidell the blood
cyanide concentration was compatible with lethal acute
cyanide poisoning.12 Nevertheless, serial measurements of
whole blood cyanide or plasma thiocyanate concentrations
may not be a reliable guide to the toxicity of exposure to

cyanide derived from nitroprusside, since the erythrocyte-
bound cyanide has no toxicological importance.
When sodium nitroprusside is given by infusion the rate of

detoxification of cyanide to thiocyanate is such that the rise
in plasma thiocyanate concentration is slow.13 Furthermore,
since plasma thiocyanate concentrations are normally high
and show a wide scatter,'4 the rise expected from short-term
infusions may not be detected easily. Measuring plasma
thiocyanate concentrations may be of more value with
prolonged infusions.13 Plasma cyanide is probably the major
determinant of toxicity and its concentration provides a more
reliable guide: the concentration should not be allowed to
rise above 3 [Lmol/1.15
The toxicity of sodium nitroprusside appears to be related

to the rate of infusion rather than to the total amount infused.
This difference requires to be clearly appreciated: recom-
mendations quoted specifically as maximum doses without
reference to infusion times are toxicologically meaningless.
The rate of infusion will normally be determined by the
pharmacological response. Usually the hypotensive response
to low dosages ( < 10 ,ug/kg/min) is constant, but any of three
abnormal therapeutic responses may occur. Firstly, the
response may be constant but require continual high dosage
( > 10 Lg/kg/min); secondly, there may be tachyphylaxis
(a decreasing response to constant dosage); and, thirdly, there
may be resistance to the drug's action.4 Patients who show
any of these abnormal responses are at risk of toxic com-
plications.

Another complication of treatment, confirmed biochemically
in several centres, is metabolic acidosis. Again, it is most
likely to occur in patients treated at high rates of infusion.
Inhibition of tissue cytochrome oxidase activity by cyanide
causes a shift from aerobic to anaerobic metabolism with
accumulation of lactate, increased tissue ADP, decreased
tissue ATP and phosphocreatine, and decreased production
of carbon dioxide. Arterial blood analysis shows a pattern
of metabolic acidosis with respiratory compensation with
increased lactate, decreased bicarbonate, pH and Paco2, and
negative base excess. With cytotoxic hypoxia the arterial
Po2 is usually high, but in congestive cardiac failure a decrease
in Po2 may result from increased perfusion of underventilated
pulmonary units.16 Metabolic acidosis may occur when
erythrocyte cyanide concentrations exceed 75 stg/100 ml in the
absence of concomitant cyanide antidotes.

In view of the potential complications of intravascular
sodium nitroprusside treatment, care is needed in choosing
and monitoring patients. Patients should not be considered
for prolonged intravascular treatment if they have advanced
liver or kidney disease, malnutrition, vitamin B12 deficiency,
Leber's hereditary optic atrophy, or tobacco amblyopia. The
dose rate should be kept down to the minimum by using a
constant-rate infusion pump and continuously monitoring
arterial pressure. Rates over 10 ptg/kg/min cause a lactic
acidosis.418 A rate of 10l g/kg/min has been found to be
suitable for children,'9 but this should be regarded as the
upper safe limit and lower infusion rates should be used if
possible. At higher rates careful continuous monitoring is
essential; at lower rates the bicarbonate, lactate, pH, and
arterial Po2 and Pco2 should be measured at frequent intervals.

Materials for the supportive and antidotal treatment of
cyanide poisoning should be available. Intravenous administra-
tion of cobalt salts or sodium nitrite may have several toxico-
logical and pharmacological disadvantages; the use of
hydroxocobalamin and sodium thiosulphate is preferable.
Hydroxocobalamin combines with cyanide to form cyanoco-
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balamin, and when given along with sodium nitroprusside
reduces erythrocyte and plasma cyanide concentrations and
prevents the occurrence of lactic acidosis."7 Sodium thio-
sulphate has several advantages: it is of low toxicity, is an
antidote in its own right by acting as sulphur donor for
rhodanese, and enhances the antidotal efficacy of hydroxoco-
balamin.20 Since hydroxocobalamin has a short plasma
half life when used prophylactically it should be given by
continuous intravenous infusion during the period of infusion
of sodium nitroprusside with periodic separate injections of
sodium thiosulphate. For treating established poisoning the
two substances should be given separately, allowing an interval
of about one minute between injections,20 because of the
possible formation of an inactive complex if they are mixed
before injection. Amyl nitrite capsules should be available for
the prompt treatment of established acute cyanide poisoning,
and oxygen is valuable in enhancing the effect of cyanide
antidotes.2' Bicarbonate infusions may be needed to treat
lactic acidosis.
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Treatment of childhood
cancer: effects on the gonads
Treatment of childhood cancer with surgery, radiotherapy,
and chemotherapy has already resulted in the long-term
survival of several thousand children in Britain alone. Cure of
malignant disease with these methods in such young patients
means that they have most of their life spans still to run so that
there is a proportionately greater chance for any long-term
damage to normal organs and tissues to emerge.
The gonads are a case in point. Increasingly successful use

of high radiation doses and cytotoxic drug combinations has
made questions about reproductive capacity and mutagenic
effects relevant. The results of recent studies of pubertal and
prepubertal children have shown serious histological changesl 2

and hormonal disturbances3 4 from both radiotherapy and
chemotherapy. The different patterns of development of the
ovaries and testes suggest that these effects may be different
in the two sexes and may be critically dependent on age.

The preliminary stages of oogenesis are complete by 6
months of life,5 after which the oocytes are a fixed cell popula-
tion. Ovarian follicles grow and degenerate throughout
childhood,67 but as plasma follicle-stimulating hormone
(FSH) and oestrogen concentrations rise from 6 years onwards
there is an associated increase in large follicles and granulosa
cells. In contrast, the prepubertal testes are inactive, containing
small seminiferous tubules in which only a few gonocytes are
detectable. Between 10 and 14 years there is rapid proliferation
to produce adult spermatocytes as well as androgen-producing
Leydig cells under the influence of FSH.8 During this period
the testis is particularly vulnerable,4 but before puberty it may
be less susceptible to damage than the metabolically more
active ovary.

In adults tumoricidal doses of pelvic irradiation normally
produce gonadal failure shown by amenorrhoea and
aspermia.9 10 The numbers of germ cells are reduced and
there are fibrotic changes and a rise in the amounts ofcirculating
FSH and luteinising hormone (LH). Oestrogen concentrations
fall in women, but in men androgen production is usually
preserved"' and impotence is not a complication.

Recent Danish necropsy studies1 2 have shown severe
histological damage (reduced follicle growth and number of
oocytes) in the ovaries of prepubertal girls given 2000-3000
rads abdominal irradiation. The combination of drugs and
irradiation was particularly harmful. These effects correlate
with the endocrine changes noted by Shalet et a13 in 18 girls
given abdominal irradiation one to 26 years earlier (seven had
also had chemotherapy). Ten of the 12 girls aged 13 or more
had had no menarche, and two had secondary amenorrhoea.
Serum LH and particularly FSH concentrations were high,
and oestradiol concentrations were normal for the prepubertal
stage, giving a picture similar to gonadal dysgenesis.'2 Large
mature follicles may be more vulnerable than primary follicles.
Chemotherapy alone may be less damaging. Cyclophospha-

mide damages the gonads in both adults'3 and children'4 but
the effect is dose-related and may be reversible.1516 Again,
both age and sex are important. Seven boys with nephrotic
syndrome treated with cyclophosphamide during puberty
later showed reduced spermatogenesis and raised circulating
FSH concentrations, whereas 16 prepubertal boys had normal
FSH concentrations and all 11 girls studied were normal.'4 A
retrospective study of 35 girls treated for acute leukaemia
showed normal pubertal development and normal LH and
FSH concentrations in 80%, though six of 18 who started
treatment during or after puberty were abnormal.'7 Most had
received prophylactic cranial irradiation (2400 rads), which may
indirectly depress ovarian function via the hypothalamic
pituitary axis.'8

Sherins et a14 have highlighted the vulnerability of the
pubertal testis in a study of 21 Ugandan boys treated with
quadruple chemotherapy for Hodgkin's disease. Nine of 19
survivors (all aged 11 or more when diagnosed) developed
gynaecomastia a median of 28 months after treatment and had
grossly raised FSH and LH and lowered testosterone concen-
trations indicating failure of the Leydig cells.
What of the mutagenic effects of radiotherapy and chemo-

therapy on the developing gonad ? If children cured of cancer
reach adult life and marry, what are the hazards to the off-
spring? Results of studies so far are reassuring. Holmes and
Holmes'9 reported on 124 patients who had survived at least
10 years from the diagnosis of cancer in childhood. Sixty had
married and 34 of these had produced 55 offspring. All the
offspring were said to be in generally good health except one
born of a parent with retinoblastoma, who had also developed
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