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SODIUIK.f NITlqOPRUSSIDE (Na~Fe(CN) .~ )  was first used clinically in 1929)  Since 
1962 it has become increasingly popular to achieve controlled hypotension during 
anaesthesia? -4 Previous publications have attested to its potency, efficacy and, 
with due precautions, its safety largely because of its evanescent action. Dosage 
during anaesthesia had been on an empirical basis depending on the degree and 
duration of hypotension required. Recently McDowall has suggested limiting the 
dose of sodium nitroprusside to 1.6 mg/Kg/hr. '~ Total dosages of sodium nitro- 
prusside of 3 mg/Kg 6 and 3.5 mg/Kg r have been suggested. 

Three deaths have been reported associated with sodium nitroprusside as a 
hypotensive agent during anaesthesia. (;-s Each death was associated with resis- 
tance to sodium nitroprusside. Tachyphylaxis and resistance to the drug in young 
people have been mentioned .~-i~ but few details are available. 

CLINICAL EXPERIENCE 

Since April 1974 sodium nitroprusside has been used at Tile Hospital for  Sic[: 
Children, Toronto, to provide controlled hypotension during anaesthesia in over 
two dozen cases. Children aged two days to eighteen years have received sodium 
nitroprusside as a 0.01 per cent infusion for a variety of surgical procedures, but 
primarily for extensive and prolonged crauio-facial osteotomies. 1-~ 

Apart from cases showing a normal response to sodium nitroprusside at doses 
below 3 mg/Kg we have observed two patients with a normal response but needing 
doses higher than 3 mg/Kg, these patients exhibiting tachyphylaxis and one patient 
who died of cyanide intoxication3 

Consequently we recognize and can define three responses to sodium nitro- 
prusside in children: constant response, tachyphylaxis to and resistance to the 
drug. Besides the normal constant response to low doses ( < 3 mg/Kg) there exists 
constant response to high doses (>  3 mg/Kg). Constant high dose response to, 
resistance to and tachyphylaxis to sodium nitroprusside are potentially lethal. 

A normal response to sodium nitroprusside with doses less than 3 mg/Kg has 
not been associated with any clinical or metabolic abnormalities or difficulties. 

A constant response to sodium nitroprusside with doses in excess of 3 mg/Kg has 
been associated with metabolic disturbances as shown in Figures 1 and 2. Each 
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patient showed a rise in mixed venous oxygen tension (Pro2), a fall in arterial- 
mixed venous oxygen content difference (a-~Do2) and metabolic acidosis which 
persisted until the administration of sodium nitroprusside was discontinued de- 
spite buffering with 7.5 per cent sodium bicarbonate. This decrease in oxygen up- 
take and accompanying metabolic acidosis we believe represents cyanide intoxi- 
cation of cellular cytochrome oxidases. Sodium nitroprusside reacts with haemo- 
globin to produce cyanmethaemoglobin TM reducing red cell oxygen transport. It is 
also a potent inhibitor of carbonic anhydrase TM and consequently red cell oxygen 

transport is further reduced. 
Resistance to sodium nitroprusside is an inability to attain or to maintain safe 

minimal levels of systolic blood pressure even with increasing doses of sodium 
nitroprusside. 

Patients who have shown resistance to sodium nitroprusside ~-s have exhibited 
this resistance very rapidly, that is within ten minutes. Each patient was a pre- 
viously healthy male. The resistance to the drug persisted even with very high 
doses and with adjuvant methods to reduce blood pressure. 

Our patient who died 7 had severe metabolic acidosis, a lethal blood level of 
cyanide (0.5 mg~), high urinary cyanide (0.3 mg~) and undetectable levels of 
thiocyanate in blood or urine. The other three known deaths also had severe 
metabolic acidosis. 

Tachyphylaxis to sodium nitroprusside is the ability to attain safe minimal levels 
of systolic blood pressure but needing increasing doses of the drug to maintain that 
response. We have experienced three such cases of tachyphylaxis. We suggest that 
the case of Merrifield and Blundell 6 represents tachyphylaxis. 

Our first case of tachyphylaxis occurred in a previously healthy 16-year-old 
white female. It's onset was gradual but well defined after 30 minutes of infusing 
sodium nitroprusside. The projected dose for the anticipated period of hypoten- 
sion would have been in excess of 3 mgm/Kg. We therefore discontinued the 
infusion. During the 30 minutes of the infusion the patient developed moderate 
metabolic acidosis which returned to normal 30 minutes after the drug was dis- 
continued. 

Our second case of tachyphylaxis was a 16-year-old white female. The dosage 
of sodium nitroprusside needed to maintain the same systolic pressure and the 
associated disturbance of her Pro2 and a-v'Do. , during the infusion are shown in 
Figure 3. After 60 minutes of infusion of the drug it was stopped. During the ensu- 
ing two hours the patient was treated with 7.5 per cent sodium bicarbonate and 
allowed to recover. When her acid-base (A-B), Pro2 and a-v'Do2 were normal and 
stable, 25 per cent sodium thiosulphate ( 150 mg/Kg) was infused over 15 minutes. 
Following this infusion the patient was again rendered hypotensive to the same 
level of systolic and mean arterial pressure as before with a further infusion of 
sodium nitroprusside. Her dose response characteristics for this second infusion 
and her PVo, , and a-VDo2 during this period are shown in Figure 4. 

A third case of tachyphylaxis in an ll-year-old previously healthy male showed 
a similar change in metabolic parameters during the infusion of sodium nitro- 
prusside. Following an infusion of 25 per cent sodium thiosulphate (150 mg/Kg) 



556 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

M.M. WHITE FEMALE, 16 YEARS, 80 gg 
BEFORE SODIUM THIOSULPHATE 

SNP P~O2 

. . . . . . . . . .  . . . . . . . .  

2 T 3 0  �9 . - - - - - - - e ~ e ~ e ~ e  .... �9 

I I I I I 
20 40  60 80  

TIME IN MINUTES 

a-~'D02 

-4 

-3  

-2  

- I  

D o s e  S N P  -_ -_ p g / K g  

P ; 0 2  o o mmHg 

a . g D 0 2  e- ............. -e ml% 

Fmu~E 3. Oxygen Transport during Tachyphylaxis to SNP. 

M.M., WHITE FEMALE, 16 YEARS, 80 Kg 
AFTER SODIUM THIOSULPHATE 

SNP PvO2 a-~DO2 

8~ 

6 -  

4 -  

2 -  

- 6 0  

- 5 0  �9 ...................... �9 ......... .e 
O - -  - -  0 ~ 0  

- 4 0  �9 =_ 

- 4  

--3 

--2 

- 1  

I I I I 
20 40 60 

TIME IN MINUTES 

Dose S N P  = : p g / K g  

P9'02 o o mmHg 

a - ; D O  2 �9 .............. �9 m l ~  

FICURE 4. Oxygen Transport and Response to SNP after Sodium Thiosulphate Infusion. 



CN 

B- 

6- 

4- 

2- 

DAVIES, et al.: SODIUM NITROPRUSSIDE IN CHILDREN 

g.o., WHITE MALE, 11 YEARS, 50gg  

SCN 
.e ..-"" e'.,.... 

......... .e-.--e -----:~. * .... �9 ...... ~ f  \ 
,v ~ 

O /  B " ' I  

,, ,, 
I I I 1 1 I I I I I I 
0 20  4 0  60  B0 100 120 140 161) 1B0 

TIME IN MINUTES 

557 

Blood CN -- -- p g / l O O m l  

Blood $CN e - - - - - e  gg /m l  

N a 2 S O  3 Infusion I I (150mg/Kg) 

SNP Infusion J----'J 13vg/Kg/min mean 

~---~ 7pg/Kg/min mean 

FmURE 5. Blood Cyanide and Thiocyanate Levels with SNP before and after Sodium 
Thiosulphate Infusion. 

a second infusion of sodium nitroprusside was given to produce similar levels of 
hypotension. During this second infusion tachyphylaxis was significantly reduced 
and A-B, Pro2 and a-vDo~ remained normal. The blood levels of cyanide and thio- 
cyanate (measured by modified Epstein l~ and modified Boxer and Rickards TM 

methods) during sodium nitroprusside infusion before and after the sodium thio- 
sulphate therapy are shown in Figure 5. 

METABOLISM OF SODIUM NITROPRUSSIDE 

The metabolism of sodium nitroprusside is represented in Figure 6. The dynamics 
of each of the steps and the load capacity of the whole system is unknown. It is 
believed that the dynamics are such that the pool of free cyanide is kept very low 
even in the face of relatively large loads of cyanide or cyanide precursors. For this to 
be so the cyanide-thiocyanate pathways must be intact, i.e. there must be adequate 
amounts of normal tissue rhodanese and endogenous thiosulphate. Thiosulphate 
is necessary and is the rate limiting factor in the cyanide-thiocyanate pathway, ir 
This may not be so in patients with Leber's optic atrophy or tobacco amblyopia, 
as they have high cyanide and low thiocyanate levels in their blood, xs The dynamics 
of the thiocyanate-cyanide-thiocyanate system may also be less efficient than we 
have believed. Vesey e t  al. ~3 have shown relatively large increases in plasma 
cyanide levels and relatively small increases in plasma thiocyanate levels following 
the use of sodium nitroprusside. 
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FiGvm~ 6. Sodium Nitroprusside- Cyanide Metabolism 

DISCUSSION 

It is necessary to relate our various experiences to our understanding of sodium 
nitroprusside metabolism. 

We propose that most healthy patients will have a constant response to a small 
dose of sodium nitroprusside ( < 3 mg/Kg). Others, for reasons presently unknown, 
will require relatively large doses (in excess of 3 mg/Kg) to which they also will 
show a constant response. These patients show metabolic disturbance in keeping 
with cellular cyanide intoxication. We suspect that they have a less efficient 
cyanide-thiocyanate pathway than normal. This may be due to an individual 
variation in tissue rhodanese activity and/or availability of endogenous thio- 
sulphate. 

Those patients resistant to sodium nitroprusside have shown high blood levels 
of cyanide and inappropriately low levels of thiocyanate indicative of a gross 
disturbance of the cyanide-thiocyanate pathway. This may be due to an inad- 
equate supply of endogenous thiosulphate, a deficiency or abnormality of tissue 
rhodanese, an inhibition of tissue rhodanese by other drugs or a combination of 
these. 

Taehyphylaxis to sodium nitroprusside suggests that initially the cyanide-thio- 
eyanate pathway is intact. The exponential-like nature of the increase of drug 
needed to maintain the same effect suggests the depletion of either endogenous 
thiosulphate or the increasing inhibition of tissue rhodanese. The metabolic dis- 
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turbances accompanying tachyphylaxis and the increase in blood cyanide and 
decrease in blood thiocyanate levels further support the hypothesis that there is a 
gradual breakdown of the cyanide-thiocyanate pathway. The dramatic change in 
tachyphylaxis, the absence of metabolic disturbance, the reduction in blood cyanide 
and the increase in blood thiocyanate levels in response to sodium nitroprusside 
following sodium thiosulphate therapy suggest that the tachyphylaxis is due to 
depletion of endogenous thiosulphate. 

CONCLUSION 

Three responses to sodium nitroprusside as a hypotensive agent dttring anaes- 
thesia are possible, all of which are noxious to the patient. Consequently, we advo- 
cate that the initial response to sodium nitroprusside infusion be monitored very 
carefully. The projected dose for the anticipated period of hypotension m u s t  be cal- 
culated from this initial response and, should this exceed 3 mg/Kg, then the sodium 
nitroprusside should be discontinued and an alternative method used to provide 
controlled hypotension. Should the initial response show resistance to sodium 
nitroprusside then the drug should be immediately stopped, for to continue will 
likely kill the patient of cyanide poisoning. Gradually appearing tachyphylaxis 
may be treated with an infusion of sodium thiosulphate 150 mg/Kg over 15 min- 
utes. This should be followed by a marked reduction of the tachyphylaxis and a 
return of normal A-B, Pro2 and a-vDo2 ~ indices. If this does not occur, then sodium 
nitroprusside should be stopped. Sodium nitroprusside is definitely contraindicated 
in patients with Leber's hereditary optic atrophy or tobacco amblyopia. 

Further studies of the metabolic response to sodium nitroprusside and the 
accompanying changes in blood cyanide and thiocyanate levels are continuing 
and will be reported on more fully in the future. This preliminary report is written 
to draw attention to the abnormal responses which may occur when using sodium 
nitroprusside and to encourage others to report and investigate these uncommon 
but potentially dangerous abnormal occurrences. 

SUMMARY 

Three different responses to sodium nitroprusside as a hypotensive agent during 
anaesthesia in children are described. A constant high dose ( > 3 mg/Kg) response 
to, abnormal resistance to and tachyphylaxis to the drug are recognised and are 
dangerous and potentially lethal. They are probably related to abnormalities of 
cyanide--thiocyanate metabolism resulting in cyanide accumulation. The abnormal 
responses produce metabolic acidosis, an increase in mixed venous oxygen tension 
and a decrease in arterial-mixed venous oxygen content difference. Tachyphylaxis 
may be due to depletion of endogenous thiosulphate and was reversible by sodium 
thiosulphate therapy (150 mgm/Kg) in two cases in which it was used. 

l ~ s u ~ .  

Notre experience avec le Nitroprussiate de Na, chez les enfants, nous a permis 
de classifier les patients selon leur rdponse ~t cet agent. 
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Un groupe  de patients  a une  rCponse adCquate avec une  dose totale plus pet i te  
que  3 mg/kg .  

D'autres requi~rent  une dose 61evCe constante conduisant  ~t une  dose totale plus 
grande  que 3 mg/kg .  Chez  d 'autres patients il y a rCsistance anormale  au Nitro- 
prussiate.  EEriE, rappar i t ion  d 'une  tachyphylaxie  est observCe dans un dernier  
g roupe  de patients.  

Les rCponses observCes chez ces trois derniers groupes de patients sont probable-  
men t  liCes ~t un mCtabolisme anormal  de l 'agent avec accumulat ion de cyanure.  II 
y a alors product ion  d 'acidose mCtabolique, le Pc2 du sang veineux mixte s'61~ve, 
et  la diffCrence artCrio-veineuse en oxyg~ne diminue. 

Une  dCplCtion du th iocyanate  endog~ne peut  conduire  ~ une tachyphylaxie.  De  
fait on a pu  renverser  une  tachyphylaxie  chez deux enfants en adminis t rant  du 
th iocyanate  de sodium ~ la dose de 150 mg/kg.  
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