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Abstract: Since its US Food and Drug Administration (FDA) approval in 1974, sodium 

nitroprusside (SNP) has been fraught with controversy in regards to its safety. Over the years, 

a growing concern related to SNPs propensity to cause cyanide (CN) toxicity culminated into 

a series of case reports that led the FDA to develop a black-box warning with dose limitations 

of ,2 µg/kg/min. These recommendations stemmed also from the reality of the difficulty of 

obtaining CN levels in a timely manner, as well as the presumed poor correlation of metabolic 

markers (lactate levels and pH) as it related to the severity of CN toxicity. All these issues have 

driven practitioners to the use of alternative agents. In this paper, we critically review the cases 

and the data that led to the development of these restrictive dosing recommendations and reveal 

several limitations of the data and assumptions that led to these recommendations. We conclude 

that SNP is still a reasonable agent to use in the management of patients with hypertension 

today and can safely be used beyond doses of 2 µg/kg/min. Furthermore, in lieu of CN levels, 

monitoring of lactic acid levels is also a reasonable measure to ensure safety.

Keywords: dose limits, monitoring, controversy, thiosulfate stores, cyanide levels

Introduction
Discovered in the late 1800s, but not incorporated into clinical practice until the 1950s, 

sodium nitroprusside (SNP) has been used in the management of hypertension in a 

myriad of medical conditions, as well as in the induction of hypotensive states for the 

reduction of intraoperative blood loss.1,2 Nonetheless, over the years, growing concerns 

over the risk of cyanide (CN) toxicity related to its use has led to various publications 

either pushing it to the end of the line or condemning its use.3–6 Is SNP a toxic drug 

that should be of only historical significance akin to chloramphenicol in the infec-

tious disease realm? Or, like polymyxin, is there utility to this drug especially in our 

difficult to manage patients? There is no denying the fact that SNP carries with it a 

risk of causing CN toxicity. However, how significant is that risk and what are the risk 

factors? This review will hopefully unravel some of this information.

Generally accepted information regarding SNP
Mechanism of action
SNP (Na

2
[Fe(CN)

5
NO] 2H

2
O) is comprised of a ferrous iron molecule complexed with 

5 CN moieties and a nitrosyl group.2 SNP interacts with oxyhemoglobin in the blood 

to produce methemoglobin while releasing CN and nitric oxide (NO).7,8 In contrast to 

nitroglycerin, which requires specific thiol-containing compounds to generate NO, SNP 

generates this product spontaneously.9 NO activates guanylate cyclase, which is located 
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in the vascular smooth muscles, to produce cyclic guanosine 

monophosphate (cGMP). The increased intracellular concen-

trations of cGMP lead to inhibition of calcium entry into the 

cell, as well as an increased uptake of calcium by the smooth 

endoplasmic reticulum resulting in vasodilation.9,10

Metabolism
Once SNP is broken down, the 5 molecules of CN that are 

generated have 2 generally accepted fates. CN can react with 

thiosulfate ions to produce thiocyanate, which is catalyzed 

by the mitochondrial enzyme rhodanase and subsequently 

renally eliminated.2,11–14 Rhodanase, also known as thiosul-

fate sulfurtransferase, is distributed widely throughout the 

body, with the highest concentrations located in the liver.15 

The rate-limiting step for this reaction appears to be the 

availability of thiosulfate, which is generated endogenously 

from cysteine and methionine.1,15–17 Studies suggest that the 

body has a limited amount of thiosulfate and can detoxify a 

maximum of approximately 50 mg of SNP.16,18

CN may also react with physiologically available methemo-

globin to generate cyanomethemoglobin, which is in dynamic 

equilibrium with CN and nontoxic.7,8,19 CN accumulation is of 

concern as it halts aerobic metabolism by inhibiting the final 

step of oxidative phosphorylation. CN binds to ferric iron in 

cytochrome oxidase enzyme and renders it inactive. As a result, 

there is a shift in aerobic to anaerobic metabolism leading to 

cellular adenosine triphosphate depletion, reduction of pyruvate 

to lactate, and rapid accumulation of lactic acid.20–22 Although 

inhibition of mitochondrial oxidative phosphorylation is not the 

only consequence of CN accumulation, significant CN intoxica-

tion has been associated with the development of lactic acidosis 

both in animals and humans.20–24 Depending on the whole blood 

concentration of CN, clinically patients may present with mild 

symptoms such as tachycardia and flushing at 0.5–1 µg/mL 

(20–38 µmol/L), depressed levels of consciousness at 1–2.5 µg/

mL (48–65 µmol/L), coma at 2.5–3 µg/mL (95–114 µmol/L), 

and death at  levels .3 µg/mL (.114 µmol/L).25

evidence for CN toxicity associated  
with SNP
Tables 1 and 2 are a summary of all published cases that 

have been reported in the literature regarding either mortal-

ity or morbidity associated with CN toxicity related to SNP 

administration.26–45 Several things can be gleaned from these 

reports. Of the 4 cases related to intraoperative use, gross 

overdosing (.10 µg/kg/min) of SNP led to CN toxicity 

and death in 2 cases. In most of the other case reports, SNP 

was used for a prolonged period of time before CN toxicity 

manifested. CN toxicity was typically presumed, for lack 

of measured CN levels, especially in the patients reported 

to have had morbidity related to CN. Finally, in the patients 

who died, other complications may have contributed to their 

demise as well. In addition to these reports, Patel et al46 pub-

lished a case series of 7 patients, out of a total of 292 patients 

undergoing coronary artery bypass graft (CABG) surgery, 

who developed CN toxicity related to SNP use for the man-

agement of postoperative hypertension. Of these, 3 patients 

died. Patients were administered SNP for 26–160 hours with 

doses ranging from 1.8–12 mg/kg body weight. All 7 patients 

had blood CN levels .500 µg/L, which was considered toxic 

by their laboratory (although this level is clinically associated 

with mild symptoms; see “Metabolism” section).25 Accord-

ing to the authors, serum lactate, pH, and base excess did 

not correlate with elevated CN levels, although the timing of 

these measurements is not mentioned in the paper. Finally, 

Robin and McCauley47 published a paper, which reviewed 

52 cases that were reported to the FDA between 1974 and 

1992, of which 29 died. Very few patients had CN levels 

measured, and from the paucity of data provided, it appears 

that many of these patients had complications, which could 

have significantly contributed to the morbidity and mortality. 

Nonetheless, the authors concluded that CN toxicity related 

to SNP is a frequent event, resulting in negative outcomes 

and thus routine use of SNP should be avoided. The authors 

also stated that lactic acidosis presented as a terminal event 

only and was not a useful marker for CN toxicity evaluation, 

although no supporting data were provided.

Based on the information presented thus far, SNP appears 

to be a vasodilator with a high potential for significant 

adverse events, primarily related to CN. But how unsafe 

is SNP, really? If this drug was truly toxic, it should have 

been withdrawn from the market years ago. How often is 

CN toxicity really a problem, and can this be avoided with 

prudent utilization and monitoring of the drug? We set to 

explore more about this complex drug and the challenges it 

is presumed to carry.

What we really know about SNP
There are several questions that have arisen over the years 

regarding the use of SNP. We feel that there is potential mis-

information that has led clinicians to shy away from using this 

drug, which will be highlighted in the following sections.

What is the incidence of CN toxicity?
One of the common misgivings is that CN toxicity related to 

SNP is a very frequent phenomenon. Robin and  McCauley’s47 
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paper postulated .1% annual excess in mortality or 

1,000 deaths related to CN toxicity alone. Sarvotham48 also 

estimated about 1,000 deaths per year and 3,000 cases per 

year attributed to CN toxicity in patients undergoing CABG 

surgery. Estimates from Patel et al46 suggest an incidence 

of 2.4% (7/292) for CN-related toxicity and a 1% mortality 

rate, which is significant considering the number of patients 

who undergo CABG surgeries annually in the United States. 

However, in a letter to the editor, McRae49 reported only 

1 incidence of metabolic acidosis related to SNP use and no 

deaths in over 1,000 patients that his center had treated. We 

conducted our own review of the published literature, searching 

MEDLINE using the MeSH term “sodium nitroprusside” and 

limiting the search to “clinical trials, all.” The results were 

further reviewed by one of the authors (PA) and refined to 

ensure the citations met above criteria. These studies were 

then evaluated for reports of CN toxicity, lactic acidosis, and 

death from all causes. The final result included 50 trials that 

are summarized in Table 3.50–99 Approximately 4,100 patients 

were included in these trials of which 2,732 were exposed to 

SNP. Over 80% of the patients received SNP outside of the 

OR setting. CN toxicity or lactic acidosis was reported in 

35 patients, and 16 patients died from any cause. This gives 

us an incidence of SNP-related adverse events of 1.87% 

Table 1 Mortality associated with SNP use

Cit No. of 
patients

Age, y Wt, kg N2O  
use

Dose Duration CN level pH Treatment Comments

26 1 14 40 Y 120 µg/kg/min 
Total 400mg

80 min 0.5 mg/dL 6.92 Supportive Used for controlled intraoperative 
hypotension. Patients developed 
tachyphylaxis. Postoperative 
complications

27 1 20 – Y 750 mg  
(25 µg/kg/min  
if 100 kg)

5 h – 6.8 Supportive Used for controlled intraoperative 
hypotension. Patients developed 
tachyphylaxis. Arrested 20 min 
postoperative and died 32 h later.  
K+ was 8.5 during arrest. Postoperative 
complications

28 1 40–50 – Y – – – 7.12 Supportive Used for controlled intraoperative 
hypotension. Patients developed 
tachyphylaxis. Postoperative 
complications. Base excess = −22

29 1 43 – N 2878 mg (0.5– 
8 µg/kg/min)

14 d – – Supportive Hepatitis, ARF, HTN, encephalopathy, 
and obtunded on presentation. Cardiac 
arrest on day 12. Died day 47. Autopsy 
path suggestive of CN toxicity. Globus 
pallidus lesions

30 1 66 74 N 238 mg (max 
2.3 µg/kg/min)

38 h 0.29 mg/dL – Supportive iCH. ARF by day 3. Had some acidosis 
on admission. Base excess = −11

31 1 42 50 N 13.5 mg (max  
3 µg/kg/min)

90 min – 7.1 Supportive Scleroderma, HTN emergency, 
ARF, and CHF. Developed profound 
hypotension unresponsive to 
intervention. Autopsy did not show 
obvious cause so assumed it was CN

32 1 78 75 N 1300 mg (max  
4.4 µg/kg/min)

5 d 0.2 mg/dL Na nitrite and  
thiosulfate

Aortic pseudoaneurysm. Patient 
developed tachyphylaxis. Death from 
CNS damage from trauma. Lactate 
increased from 2.4 to 4.3

33 1 1 day 4.4 N Max  
5 µg/kg/min

30 h RBC CN  
400 nmol/mL

7.19 Thiosulfate HTN and tachyphylaxis. Gave SNP with 
thiosulfate for 3 days. CN level normal. 
Child died of other causes

34 1 59 – N 2029 mg (max  
8 µg/kg/min)

7 d – – Supportive Patient had CHF. No electrolyte or 
pH values were reported, but author 
stated they were “acceptable.” Patient 
had several days of confusion and 
agitation. SZ on day of death

Abbreviations: SNP, sodium nitroprusside; Cit, citation; wt, weight; CN, cyanide; Y, yes; N, no; ARF, acute renal failure; HTN, hypertension; iCH, intracranial hemorrhage; 
CHF, congestive heart failure; CNS, central nervous system; RBC, red blood cell; SZ, seizure.
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(51/2,732) and a mortality rate of 0.6%. The 16 deaths 

come from 2 trials, where 11 patients died in the SNP group 

compared with 9 patients in the placebo group in the first 

study, and 5 patients died in the SNP group compared with 18 

patients in the placebo group in the second study.77,78 Assum-

ing that the 2 additional deaths in the first study (compared to 

the placebo group) were due to CN toxicity, the mortality rate 

is , 0.1% (2/2,732). Although this information is extracted 

from controlled trials and is thus a conservative estimate, it 

does suggest that prudent use of SNP is safe.

How much SNP can the human  
body handle?
Rhodanase, an enzyme which is found in the mitochondria, 

detoxifies CN by adding a sulfur atom to the CN molecule 

to form the much less toxic thiocyanate ion. Thiosulfate is a 

sulfur donor for rhodanase, which allows for the production 

of thiocyanate. It has been suggested that the human body 

possesses limited thiosulfate stores and, therefore, limited 

ability to detoxify CN.16,18 In a study by Ivankovich et al18 

mean plasma thiosulfate concentrations in healthy individuals 

Table 2 Morbidity associated with SNP use

Cit No. of 
patients

Age, y Wt. kg N2O 
use

Dose Duration CN level pH Treatment Comments

35 1 42 Y 250 mg 90 min – 7.19 NaHCO3 Controlled intraoperative 
hypotension. Developed 
tachyphylaxis. Altered mental 
status postoperatively. Use in 
more than 600 patients. Rare 
occurrence

36 1 41 82 Y 15 µg/kg/min 75 min – 7.35 Supportive Controlled intraoperative 
hypotension. Patient 
developed tachyphylaxis

37 1 14 44 Y 10 µg/kg/min 300 min – 7.34 Thiosulfate Controlled intraoperative 
hypotension. Patient developed 
tachyphylaxis. Cardiac arrest 
for 45 min. Developed 
pulmonary edema with PaO2 
of 44. Base excess −6

38 1 58 80 N 1,000 mg (max  
3 µg/kg/min)

7 d 0.5 mg/mL – HD CHF and aortic valve 
insufficiency. Patient developed 
tachyphylaxis

39 1 52 66 N 1093 mg (max  
8 µg/kg/min)

34 h – 7.08 NaHCO3 HTN and AMi. Smoker. 
Patient developed 
tachyphylaxis and lactic 
acidosis.

40 1 53 N 2.5 µg/kg/min 7 d – 7.32 Dimethylaminophenol  
and thiosulfate

iCH from HTN.  
Base excess −7.4

41 1 70 N 215 mg (max  
4.9 µg/kg/min)

33 h – – Supportive –

42 1 27 68 N 1,120 mg (max 
12.5 µg/kg/min)

48 h – 7.2 Supportive Renal transplant patient with 
history of resistant HTN. 
Serum creatinine 1.6µmol/L. 
Had gall bladder rupture. Base 
excess = −16. Cardiac arrest, no 
complications. No tachyphylaxis.

43 1 66 N Max 5 µg/kg/min 29 d – – Supportive HTN, aneurysmal bleed. 
Patient developed tachyphylaxis 
in 48 h. No signs of metabolic 
derangements

44 1 66 21 N 490 mg (max  
7 µg/kg/min)

28 h – 7.21 NaHCO3 HTN emergency. ARF. 
Became agitated.

45 1 6 N Max  
5.5 µg/kg/min

22 d – – Supportive HTN. ARF with intermittent 
HD. No CN toxicity. Had 
elevated SCN levels that 
corrected with HD

Abbreviations: SNP, sodium nitroprusside; Cit, citation; wt, weight; Y, yes; N, no; CN, cyanide; HD, hemodialysis; CHF, congestive heart failure; HTN, hypertension;  
iCH, intracranial hemorrhage; ARF, acute renal failure; SCN, thiocyanate.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

137

Review of data regarding sodium nitroprusside-related cyanide toxicity

T
ab

le
 3

 R
ev

ie
w

 o
f a

dv
er

se
 e

ve
nt

s 
re

la
te

d 
to

 S
N

P 
us

e 
in

 c
lin

ic
al

 t
ri

al
s

St
ud

y
P

at
ie

nt
  

po
pu

la
ti

on
N

T
re

at
m

en
t 

an
d 

co
nt

ro
l  

gr
ou

p 
re

gi
m

en
s

M
ea

n 
du

ra
ti

on
  

of
 s

tu
dy

M
ea

n 
SN

P
 d

os
e

O
ut

co
m

es

C
N

 t
ox

ic
it

y 
 

(#
)

D
ea

th
s 

 
(#

)
La

ct
ic

 
ac

id
os

is
 (

#)
In

tr
ao

pe
ra

ti
ve

 u
se

 o
f S

N
P

ve
se

y,50
 1

97
6

O
rt

ho
pe

di
c 

 
su

rg
er

y
26

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l s
tu

dy
 in

  
co

nt
ro

lle
d 

in
tr

ao
pe

ra
tiv

e 
hy

po
te

ns
io

n
N

R
 (

ra
ng

ed
 fr

om
  

90
 t

o 
16

8 
m

in
)

N
R

 
To

ta
l S

N
P 

do
se

  
(r

an
ge

d 
fr

om
 4

 t
o 

 
95

.4
 m

g)

7
0

0

T
ho

m
ps

on
,51

  
19

78
T

ot
al

 h
ip

  
ar

th
ro

pl
as

ty
30

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

, c
on

tr
ol

le
d 

 
tr

ia
l c

om
pa

ri
ng

 e
ffe

ct
s 

of
 is

ofl
ur

an
e 

 
(n

 =
 1

0)
, S

N
P 

(n
 =

 1
0)

 a
nd

 p
la

ce
bo

  
(n

 =
 1

0)
 fo

r 
co

nt
ro

lle
d 

in
tr

ao
pe

ra
tiv

e 
 

hy
po

te
ns

io
n 

on
 o

rg
an

 fu
nc

tio
n 

an
d 

 
bl

oo
d 

lo
ss

N
R

 (
ra

ng
e 

65
– 

11
5 

m
in

)
0.

5 
m

g/
kg

0
0

0

Pa
sc

h,
52

 1
98

3
Su

rg
ic

al
  

pa
tie

nt
s

55
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l s

tu
dy

 in
  

co
nt

ro
lle

d 
in

tr
ao

pe
ra

tiv
e 

hy
po

te
ns

io
n.

  
D

iv
id

ed
 in

to
 5

 g
ro

up
s 

ba
se

d 
on

 S
N

P 
 

do
se

 a
nd

 a
dm

in
is

tr
at

io
n 

of
 t

hi
os

ul
fa

te

N
R

 (
ra

ng
e 

10
3–

 
15

2 
m

in
)

N
R

8
0

0

Fa
hm

y,
53

 1
98

5
M

aj
or

  
or

th
op

ed
ic

  
pr

oc
ed

ur
es

20
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 S
N

P 
(n

 =
 1

0)
 t

o 
SN

P 
+ 

 
tr

im
et

ha
ph

an
 (

n 
= 

10
) 

fo
r 

co
nt

ro
lle

d 
 

in
tr

ao
pe

ra
tiv

e 
hy

po
te

ns
io

n

SN
P 

al
on

e 
 

(2
58

 m
in

)
SN

P 
+ 

tr
im

et
ha

ph
an

  
(2

66
 m

in
)

SN
P 

al
on

e 
 

(5
.8

2 
µg

/k
g/

m
in

)
SN

P 
+ 

tr
im

et
ha

ph
an

  
(1

.3
9 

µg
/k

g/
m

in
)

4
0

0

C
or

r,
54

 1
98

6
C

A
BG

 s
ur

ge
ry

  
on

 b
yp

as
s

12
SN

P 
(N

 =
 6

) 
or

 t
ri

m
et

ha
ph

an
 (

N
 =

 6
) 

to
 m

ai
nt

ai
n 

M
A

P 
70

–8
5 

be
fo

re
 a

nd
  

af
te

r 
by

pa
ss

 a
nd

 #
70

 d
ur

in
g 

by
pa

ss

63
.5

 m
in

 o
n 

 
by

pa
ss

 w
ith

 S
N

P
25

.4
 m

g 
ov

er
  

63
.5

 m
in

 (
40

0 
µg

/m
in

)
0

0
0

Be
rn

ar
d,

55
 1

98
7

T
ot

al
 h

ip
  

ar
th

ro
pl

as
ty

16
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 h
em

od
yn

am
ic

 a
nd

  
m

et
ab

ol
ic

 e
ffe

ct
s 

is
ofl

ur
an

e 
(n

 =
 8

) 
to

  
SN

P 
(n

 =
 8

) 
fo

r 
co

nt
ro

lle
d 

 
in

tr
ao

pe
ra

tiv
e 

hy
po

te
ns

io
n

90
 m

in
N

R
  

(r
an

ge
 1

–6
 µ

g/
kg

/m
in

)
0

0
0

C
ol

e,
56

 1
98

7
M

aj
or

 e
le

ct
iv

e 
 

or
th

op
ed

ic
  

pr
oc

ed
ur

es

30
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 b
lo

od
 C

N
 c

on
ce

nt
ra

tio
ns

  
in

 p
at

ei
nt

s 
w

ho
 r

ec
ei

ve
d 

T
S 

w
ith

 S
N

P 
 

(n
 =

 1
5)

 a
nd

 t
ho

se
 w

ho
 d

id
 n

ot
  

(n
 =

 1
5)

 fo
r 

co
nt

ro
lle

d 
in

tr
ao

pe
ra

tiv
e 

 
hy

po
te

ns
io

n

SN
P 

al
on

e 
= 

98
 m

in
SN

P 
+ 

T
S 

= 
89

 m
in

SN
P 

al
on

e 
= 

0.
36

 m
g/

kg
SN

P 
+ 

T
S 

= 
0.

45
 m

g/
kg

0
0

0

Si
m

ps
on

,57
 1

98
7

M
aj

or
 m

id
dl

e 
 

ea
r 

su
rg

er
y

30
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
, s

tu
dy

  
co

m
pa

ri
ng

 m
et

op
ro

lo
l 2

5,
 5

0 
m

g 
an

d 
 

ox
pr

en
ol

ol
 2

0 
m

g 
fo

r 
co

nt
ro

lle
d 

 
in

tr
ao

pe
ra

tiv
e 

hy
po

te
ns

io
n 

in
 a

dd
iti

on
  

to
 S

N
P 

an
d 

tr
im

et
ha

ph
an

N
R

N
R

 (
ra

ng
e 

0.
25

– 
1.

75
 µ

g/
kg

/m
in

)
0

0
0 (C

on
tin

ue
d)

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

138

Lockwood et al

T
ab

le
 3

 (
Co

nt
in

ue
d)

St
ud

y
P

at
ie

nt
  

po
pu

la
ti

on
N

T
re

at
m

en
t 

an
d 

co
nt

ro
l  

gr
ou

p 
re

gi
m

en
s

M
ea

n 
du

ra
ti

on
  

of
 s

tu
dy

M
ea

n 
SN

P
 d

os
e

O
ut

co
m

es

C
N

 t
ox

ic
it

y 
 

(#
)

D
ea

th
s 

 
(#

)
La

ct
ic

 
ac

id
os

is
 (

#)

va
n 

w
ez

el
,58

  
19

87
C

A
BG

 p
at

ie
nt

s
20

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

 t
ri

al
  

co
m

pa
ri

ng
 n

ife
di

pi
ne

 (
n 

= 
9)

 t
o 

SN
P 

 
(n

 =
 1

1)
 e

ffe
ct

s 
on

 m
yo

ca
rd

ia
l  

m
et

ab
ol

is
m

 a
nd

 c
or

on
ar

y 
si

nu
s 

 
bl

oo
d 

flo
w

32
 m

in
3.

4 
µg

/k
g/

m
in

0
0

0

va
n 

w
ez

el
,59

  
19

87
C

A
BG

 p
at

ie
nt

s
37

Pl
ac

eb
o-

co
nt

ro
lle

d 
(n

 =
 1

2)
 t

ri
al

  
co

m
pa

rin
g 

ef
fe

ct
s 

of
 n

ife
di

pi
ne

 (n
 =

 1
2)

  
vs

 S
N

P 
(n

 =
 1

3)
 o

n 
m

yo
ca

rd
ia

l  
m

et
ab

ol
ism

 a
nd

 c
at

ec
ho

la
m

in
e 

ba
la

nc
e

31
 m

in
1.

9 
µg

/k
g/

m
in

0
0

0

Po
rt

er
,60

 1
98

8
Sp

in
al

 fu
si

on
21

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
 s

tu
dy

  
co

m
pa

ri
ng

 n
itr

og
ly

ce
ri

n 
(n

 =
 8

), 
 

SN
P 

+ 
ca

pt
op

ri
l (

n 
= 

6)
, a

nd
 S

N
P 

 
(n

 =
 8

) 
fo

r 
co

nt
ro

lle
d 

in
tr

ao
pe

ra
tiv

e 
 

hy
po

te
ns

io
n

SN
P 

19
4 

m
in

SN
P 

+ 
ca

pt
op

ri
l 2

56
 m

in
N

R
 (

m
ax

 2
 µ

g/
kg

/m
in

)
0

0
0

H
od

sm
an

,61
 1

98
9

C
A

BG
 p

at
ie

nt
s

41
R

an
do

m
iz

ed
, p

la
ce

bo
 c

on
tr

ol
le

d 
 

co
m

pa
ri

ng
 3

 d
iff

er
en

t 
do

se
s 

of
  

ke
ta

ns
er

in
. P

at
ie

nt
s 

al
so

 r
ec

ei
ve

d 
 

cl
os

ed
-lo

op
 S

N
P

7.
2 

h 
in

 p
la

ce
bo

 g
ro

up
  

vs
 2

.1
–3

 h
 in

 k
et

an
se

ri
n 

 
gr

ou
ps

0.
57

 m
g/

kg
 in

 p
la

ce
bo

  
gr

ou
p 

vs
 0

.0
56

– 
0.

28
 m

g/
kg

 in
  

ke
ta

ns
er

in
 g

ro
up

s

0
0

0

G
en

ito
n,

62
 1

99
0

U
nd

er
go

in
g 

 
el

ec
tiv

e 
ca

ro
tid

  
en

da
rt

er
ec

to
m

y

19
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 la
be

ta
lo

l (
n 

= 
9)

 t
o 

 
SN

P 
(n

 =
 1

0)
 fo

r 
co

nt
ro

lle
d 

 
in

tr
ao

pe
ra

tiv
e 

H
T

N

12
 h

1.
2 

µg
/k

g/
m

in
0

0
1

G
od

et
,63

 1
99

0
C

A
BG

 p
at

ie
nt

s
20

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

 s
tu

dy
  

co
m

pa
ri

ng
 is

ofl
ur

an
e 

(n
 =

 1
0)

 t
o 

 
SN

P 
(n

 =
 1

0)

26
 m

in
7 

µg
/k

g/
m

in
 (

to
ta

l  
do

se
 o

f 1
1 

m
g)

0
0

0

O
rn

st
ei

n,
64

 1
99

1
D

el
ib

er
at

e 
 

hy
po

te
ns

io
n 

 
(M

A
P 

60
–6

5)
  

du
ri

ng
 in

tr
ac

ra
ni

al
  

A
v

M
 r

es
ec

tio
n

29
Is

ofl
ur

an
e 

(n
 =

 9
) 

SN
P 

(n
 =

 1
0)

, o
r 

 
es

m
ol

ol
 (

n 
= 

10
)

N
R

2.
3 

± 
1.

3 
µg

/k
g/

m
in

0
0

0

O
w

al
l a

nd
  

So
lle

vi
,65

 1
99

1
A

bd
om

in
al

  
ao

rt
ic

 a
ne

ur
ys

m
6

Pr
os

pe
ct

iv
e 

cr
os

so
ve

r 
st

ud
y 

 
co

m
pa

ri
ng

 m
yo

ca
rd

ia
l e

ffe
ct

s 
of

  
ad

en
os

in
e 

an
d 

SN
P

20
 m

in
0.

7 
µg

/k
g/

m
in

0
0

0

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

139

Review of data regarding sodium nitroprusside-related cyanide toxicity

Bl
au

,66
 1

99
2

O
rt

ho
gn

at
hi

c 
 

su
rg

er
y

30
R

an
do

m
iz

ed
 s

tu
dy

 c
om

pa
ri

ng
 e

sm
ol

ol
  

(n
 =

 1
5)

 t
o 

SN
P 

(n
 =

 1
5)

 fo
r 

 
in

tr
ao

pe
ra

tiv
e 

bl
oo

d 
lo

ss
 (

co
nt

ro
lle

d 
 

in
tr

ao
pe

ra
tiv

e 
hy

po
te

ns
io

n)

95
 m

in
M

ed
ia

n 
do

se
  

1.
75

 µ
g/

kg
/m

in
T

ot
al

 d
os

e 
10

.5
 m

g

0
0

0

C
ha

ud
hr

i,67
 1

99
2

R
es

ec
tio

n 
of

  
in

tr
ao

cc
ul

ar
  

m
el

an
om

a

20
Pa

tie
nt

s 
ra

nd
om

iz
ed

 t
o 

re
ce

iv
e 

 
cl

os
ed

-lo
op

 c
on

tr
ol

 o
r 

m
an

ua
l  

co
nt

ro
l o

f a
rt

er
ia

l p
re

ss
ur

e 
w

ith
 a

  
m

ix
tu

re
 o

f S
N

P 
an

d 
tr

im
et

ha
ph

an

20
4 

m
in

 fo
r 

cl
os

ed
 lo

op
  

an
d 

15
8 

m
in

 fo
r 

m
an

ua
l

0.
03

8 
m

g/
kg

 in
 c

lo
se

d 
 

lo
op

 a
nd

 0
.0

26
 m

g/
kg

  
in

 t
he

 m
an

ua
l

0
0

0

Be
rn

ar
d,

68
 1

99
3

in
du

ce
d-

hy
po

te
ns

io
n 

 
in

 h
ea

lth
y 

pa
tie

nt
s 

 
un

de
rg

oi
ng

 s
pi

na
l  

fu
si

on
 fo

r 
sc

ol
io

si
s

20
D

ilt
ia

ze
m

 p
lu

s 
SN

P 
(n

 =
 1

0)
 o

r 
 

SN
P 

(n
 =

 1
0)

D
ilt

ia
ze

m
 p

lu
s 

SN
P 

 
(1

86
 ±

 1
7 

m
in

)
SN

P 
(2

14
 ±

 2
6 

m
in

)

D
ilt

ia
ze

m
 p

lu
s 

SN
P 

 
(0

.2
4 

± 
0.

05
 m

g/
kg

)
SN

P 
(0

.4
7 

± 
0.

07
 m

g/
kg

)

0
0

0

D
en

tz
,69

 1
99

5
A

bd
om

in
al

 a
or

tic
 

an
eu

ry
sm

s
20

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
 s

tu
dy

  
co

m
pa

ri
ng

 a
m

ri
no

ne
 (

n 
= 

10
) 

to
 S

N
P 

 
(n

 =
 1

0)
 fo

r 
he

m
od

yn
am

ic
 c

on
tr

ol

N
R

N
R

 (
ra

ng
e 

 
1–

8 
µg

/k
g/

m
in

)
0

0
0

N
ew

to
n,

70
 1

99
6

in
du

ce
d-

hy
po

te
ns

io
n 

 
(M

A
P 

= 
55

) 
fo

r 
 

m
id

dl
e 

ea
r 

su
rg

er
y

30
Is

ofl
ur

an
e 

(n
 =

 9
) 

SN
P 

(n
 =

 1
0)

, o
r 

 
tr

im
et

ha
ph

an
 (

n 
= 

9)
.

Is
ofl

ur
an

e 
(1

05
 ±

 1
9 

m
in

)  
SN

P 
(8

7 
± 

6 
m

in
), 

 
or

 t
ri

m
et

ha
ph

an
  

(8
5 

± 
10

 m
in

)

0.
18

 ±
 0

.0
6 

m
g/

m
in

0
0

0

va
n 

de
r 

St
ro

om
,71

  
19

96
C

A
BG

60
O

pe
n-

la
be

l, 
ra

nd
om

iz
ed

 s
tu

dy
  

co
m

pa
ri

ng
 e

ffe
ct

s 
ur

ap
id

il 
(n

 =
 3

1)
  

an
d 

SN
P 

(n
 =

 2
9)

 o
n 

m
yo

ca
rd

ia
l  

m
et

ab
ol

is
m

 a
nd

 h
em

od
yn

am
ic

 s
ta

te

59
 m

in
1 

µg
/k

g/
m

in
  

(r
an

ge
 0

.1
–2

.6
)

0
0

0

T
ug

ru
l,72

 1
99

7
C

ar
di

ac
 s

ur
ge

ry
66

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

 s
tu

dy
  

co
m

pa
ri

ng
 e

ffe
ct

s 
of

 is
ofl

ur
an

e 
 

(n
 =

 N
R

) 
an

d 
SN

P 
(n

 =
 N

R
) 

on
  

re
w

ar
m

in
g 

af
te

r 
ca

rd
io

pu
lm

on
ar

y 
 

by
pa

ss

32
.6

 m
in

1.
55

 µ
g/

kg
/m

in
0

0
0

D
ea

ki
n,

73
 1

99
8

C
A

BG
12

0
U

nk
no

w
n 

st
ud

y 
de

si
gn

. C
om

pa
ri

ng
  

ef
fe

ct
s 

of
 S

N
P 

(n
 =

 5
9)

 t
o 

pl
ac

eb
o 

 
(n

 =
 6

1)
 in

 r
ew

ar
m

in
g 

af
te

r 
 

ca
rd

io
pu

lm
on

ar
y 

by
pa

ss

N
R

 (
m

ax
 4

90
 m

in
)

1.
4 

µg
/k

g/
m

in
0

0
0

Su
tt

ne
r,

74
 1

99
9

in
du

ce
d-

hy
po

te
ns

io
n 

 
in

 r
ad

ic
al

  
pr

os
ta

te
ct

om
y

30
SN

P 
(n

 =
 1

5)
C

on
tr

ol
 (

n 
= 

15
)

97
 ±

 1
3 

m
in

T
ot

al
 d

os
e 

= 
 

23
.4

 ±
 7

.8
 m

in
0

0
0 (C

on
tin

ue
d)

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

140

Lockwood et al

T
ab

le
 3

 (
Co

nt
in

ue
d)

St
ud

y
P

at
ie

nt
  

po
pu

la
ti

on
N

T
re

at
m

en
t 

an
d 

co
nt

ro
l  

gr
ou

p 
re

gi
m

en
s

M
ea

n 
du

ra
ti

on
  

of
 s

tu
dy

M
ea

n 
SN

P
 d

os
e

O
ut

co
m

es

C
N

 t
ox

ic
it

y 
 

(#
)

D
ea

th
s 

 
(#

)
La

ct
ic

 
ac

id
os

is
 (

#)
P

os
to

pe
ra

ti
ve

/m
ed

ic
al

 u
se

 o
f S

N
P

A
rm

st
ro

ng
,75

 1
97

5
Pa

tie
nt

s 
w

ith
 M

i a
nd

  
M

A
P 

$
10

5 
an

d/
 

or
 P

C
P 

.
15

26
A

ll 
(N

 =
 2

6)
 r

ec
ei

ve
d 

SN
P 

gt
t, 

 
18

 r
ec

ei
ve

d 
N

T
G

 g
tt

Fi
rs

t 
24

 h
 p

os
t-

M
i

76
 µ

g/
m

in
0

0
0

K
ot

te
r,

76
 1

97
7

A
cu

te
 M

i
29

SN
P 

+ 
ph

en
to

la
m

in
e 

(n
 =

 ?
) 

vs
  

SN
P 

+ 
gl

yc
er

il 
tr

in
itr

at
e 

(n
 =

 ?
)

88
 µ

g/
m

in
 (

ra
ng

e 
 

33
–2

73
 µ

g 
/m

in
)

N
R

0
0

0

C
oh

n,
77

 1
98

2
A

cu
te

 M
i

81
2

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

  
do

ub
le

-b
lin

de
d 

st
ud

y 
co

m
pa

ri
ng

  
SN

P 
(n

 =
 4

07
) 

to
 p

la
ce

bo
 (

n 
= 

40
5)

48
 h

N
R

 (
ra

ng
e 

72
.8

– 
94

.4
 µ

g/
m

in
)

0
11

 (
9 

in
 P

C
 

at
 4

8 
h)

0

D
ur

re
r,

78
 1

98
2

A
cu

te
 M

i
32

8
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 e
ffe

ct
s 

of
 S

N
P 

(n
 =

 1
63

) t
o 

 
pl

ac
eb

o 
(n

 =
 1

65
) 

on
 m

or
ta

lit
y

24
 h

81
.3

 m
g

0
5 

(1
8 

di
ed

 
in

 P
C

)
0

Sc
hu

lz
,79

19
82

M
ul

tip
le

 in
di

ca
tio

ns
70

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
n 

tr
ia

l o
f S

N
P 

 
us

e 
fo

r 
in

tr
ao

pe
ra

tiv
e 

hy
po

te
ns

io
n 

in
  

51
 p

at
ie

nt
s 

an
d 

hy
pe

rt
en

si
ve

 c
ri

si
s 

or
  

ao
rt

ic
 a

ne
ur

ys
m

 (m
ed

ic
al

) i
n 

19
 p

at
ie

nt
s

in
tr

ao
pe

ra
tiv

e 
80

 m
in

M
ed

ic
al

 –
 N

R
 (

up
 t

o 
2 

w
k)

in
tr

ao
pe

ra
tiv

e 
N

R
M

ed
ic

al
 –

 N
R

9
0

0

Fl
ah

er
ty

,80
 1

98
3

Pa
tie

nt
s 

w
ith

 M
i

17
SN

P 
an

d 
N

T
G

 in
 a

 r
an

do
m

iz
ed

  
cr

os
so

ve
r 

pr
ot

oc
ol

A
t 

le
as

t 
60

 m
in

N
R

0
0

0

G
ra

y,
81

 1
98

5
Po

st
 c

ar
di

ac
 s

ur
ge

ry
12

C
ro

ss
ov

er
 s

tu
dy

 c
om

pa
ri

ng
 e

sm
ol

ol
  

vs
 S

N
P

1.
6 

µg
/k

g/
m

in
 (

ra
ng

e 
 

0.
5–

2.
75

 µ
g/

kg
/m

in
N

R
0

0
0

v
es

ey
,82

 1
98

5
N

R
30

Pr
os

pe
ct

iv
e,

 o
bs

er
va

tio
n 

st
ud

y 
of

  
lo

ng
 t

er
m

 S
N

P 
in

fu
si

on
 a

nd
 C

N
 le

ve
ls

N
R

 (
ra

ng
e 

12
–3

14
 h

)
N

R
5*

0
0

G
ra

y,
83

 1
98

7
Po

st
ca

rd
ia

c 
su

rg
er

y
20

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

, o
pe

n-
la

be
l, 

 
cr

os
so

ve
r 

st
ud

y 
co

m
pa

ri
ng

  
es

m
ol

ol
 t

o 
SN

P

N
R

1.
8 

µg
/k

g/
m

in
0

0
0

in
st

al
le

,84
 1

98
7

Pa
tie

nt
s 

w
ith

 N
Y

H
A

  
cl

as
s 

3 
or

 4
 H

F
10

A
ll 

pa
tie

nt
s 

re
ce

iv
ed

 S
N

P,
 t

he
n 

 
do

bu
ta

m
in

e,
 t

he
n 

en
ox

im
on

e.
  

(3
0–

40
 m

in
 w

as
ho

ut
 a

fte
r 

SN
P)

SN
P 

tit
ra

te
d 

to
 g

oa
l  

th
en

 w
as

ho
ut

 ,
8 

h?
1.

8 
± 

0.
75

 µ
g/

kg
/m

in
0

0
0

Br
ei

sb
la

tt
,85

 1
98

8
U

ns
ta

bl
e 

an
gi

na
40

SN
P 

(N
 =

 1
8)

SN
P 

tit
ra

te
d 

to
 g

oa
l ,

8 
h?

77
 ±

 2
5 

µg
/m

in
0

0
0

N
T

G
 (

N
 =

 2
2)

M
ul

le
n,

86
 1

98
8

C
A

BG
 p

at
ie

nt
s

62
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
, s

tu
dy

  
co

m
pa

ri
ng

 d
ilt

ia
ze

m
 (

n 
= 

22
), 

 
ni

fe
di

pi
ne

 (
n 

= 
20

) 
an

d 
SN

P 
(n

 =
 2

0)
  

fo
r 

po
st

op
er

at
iv

e 
H

T
N

N
R

N
R

0
0

0

U
nd

er
w

oo
d,

87
  

19
89

C
A

BG
 p

at
ie

nt
s

20
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
, p

ilo
t 

do
se

  
fin

di
ng

 s
tu

dy
 c

om
pa

ri
ng

 is
ra

di
pi

ne
  

(n
 =

 1
0)

 t
o 

SN
P 

(n
 =

 1
0)

 fo
r 

 
po

st
op

er
at

iv
e 

H
T

N

2 
h

1.
6 

µg
/k

g/
m

in
0

0
0

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

141

Review of data regarding sodium nitroprusside-related cyanide toxicity

D
av

id
,88

 1
99

1
C

A
BG

 p
at

ie
nt

s
74

O
pe

n-
la

be
l, 

ra
nd

om
iz

ed
 t

ri
al

  
co

m
pa

ri
ng

 n
ic

ar
di

pi
ne

 (
n 

= 
38

) 
to

  
SN

P 
(n

 =
 3

6)
 fo

r 
po

st
op

er
at

iv
e 

 
hy

pe
rt

en
si

on

1.
43

 µ
g/

kg
/m

in
N

R
 (

m
ax

 r
an

ge
  

18
–2

4 
h)

0
0

0

U
nd

er
w

oo
d,

89
  

19
91

C
A

BG
 p

at
ie

nt
s

20
Pr

os
pe

ct
iv

e 
ra

nd
om

iz
ed

 tr
ia

l c
om

pa
rin

g 
 

is
ra

di
pi

ne
 (

n 
= 

10
) 

to
 S

N
P 

(n
 =

 1
0)

 fo
r 

 
po

st
op

er
at

iv
e 

hy
pe

rt
en

si
on

1.
6 

µg
/k

g/
m

in
2 

h
0

0
0

C
hi

tw
oo

d,
90

 1
99

2
Po

st
ca

rd
ia

c 
su

rg
er

y
10

89
Pr

os
pe

ct
iv

e 
st

ud
y 

of
 c

lo
se

d 
lo

op
 v

s 
 

m
an

ua
l m

an
ag

em
en

t 
of

 p
os

to
pe

ra
tiv

e 
 

H
T

N
 w

ith
 S

N
P

15
 h

 in
 lo

op
 g

ro
up

 v
s 

19
 h

  
in

 m
an

ua
l g

ro
up

N
R

0
0

0

C
om

be
s 

an
d 

 
D

ur
an

d,
91

 1
99

2
C

A
BG

 p
at

ie
nt

s
20

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

, o
pe

n-
la

be
l  

tr
ia

l c
om

pa
ri

ng
 n

ic
ar

di
pi

ne
 (

n 
= 

10
) 

to
  

SN
P 

(n
 =

 1
0)

 fo
r 

po
st

op
er

at
iv

e 
H

T
N

U
p 

to
 2

4 
h

4.
5 

µg
/k

g/
m

in
0

0
0

G
re

tle
r,

92
 1

99
2

H
yp

er
te

ns
iv

e 
em

er
ge

nc
ie

s
21

Pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

 tr
ia

l c
om

pa
rin

g 
 

eC
G

 c
ha

ng
es

 in
 p

at
ie

nt
s 

tr
ea

te
d 

w
ith

  
fe

no
ld

op
am

 (
n 

= 
10

) 
an

d 
SN

P 
(n

 =
 1

1)

N
R

N
R

0
0

0

N
at

ha
n,

93
 1

99
2

Po
st

-C
A

BG
  

hy
pe

rt
en

si
on

60
SN

P 
(n

 =
 2

8)
 o

r 
ni

fe
di

pi
ne

 (
n 

= 
32

)
2 

h 
in

fu
si

on
, a

nd
 2

 h
  

fo
llo

w
-u

p 
m

on
ito

ri
ng

N
ot

 s
ta

te
d

0
0

0

R
ue

gg
,94

 1
99

2
C

A
BG

 p
at

ie
nt

s
19

8
Pr

os
pe

ct
iv

e,
 r

an
do

m
iz

ed
 tr

ia
l c

om
pa

rin
g 

 
is

ra
di

pi
ne

 (
n 

= 
98

) 
to

 S
N

P 
(n

 =
 1

00
) 

 
fo

r 
po

st
op

er
at

iv
e 

H
T

N

6 
h

0.
45

 m
g/

kg
0

0
1

H
ill

,95
 1

99
3

C
A

BG
20

U
nk

no
w

n 
st

ud
y 

de
si

gn
N

R
1.

36
 µ

g/
kg

/m
in

0
0

0

C
om

pa
ri

so
n 

of
 fe

no
ld

op
am

 (n
 =

 1
0)

 t
o 

 
SN

P 
(n

 =
 1

0)
 fo

r 
po

st
op

er
at

iv
e 

 
hy

pe
rt

en
si

on
Le

st
ra

te
,96

 1
99

3
C

A
BG

27
O

pe
n-

la
be

l, 
ra

nd
om

iz
ed

 s
tu

dy
  

co
m

pa
ri

ng
 is

ra
di

pi
ne

 (
n 

= 
13

) 
to

 S
N

P 
 

(n
 =

 1
4)

 fo
r 

po
st

op
er

at
iv

e 
hy

pe
rt

en
sio

n

2 
h

N
R

 (
m

ax
 d

os
e 

 
8 

µg
/k

g/
m

in
)

0
0

0

Pi
lm

er
,97

 1
99

3
H

yp
er

te
ns

iv
e 

 
ur

ge
nc

y
33

U
nk

no
w

n 
st

ud
y 

de
si

gn
N

R
 (

ra
ng

e 
6–

24
 h

)
1.

2 
µg

/k
g/

m
in

0
0

0

C
om

pa
ri

so
n 

of
 fe

no
ld

op
am

 (
n 

= 
15

) 
to

  
SN

P 
(n

 =
 1

8)
 fo

r 
se

ve
re

 s
ys

te
m

ic
 H

T
N

Pa
na

ce
k,

98
 1

99
5

T
re

at
m

en
t 

of
  

se
ve

re
 a

cu
te

 H
T

N
  

(D
BP

 $
12

0 
m

m
 H

g)

18
3

Fe
no

ld
op

am
 (

n 
= 

90
)

6–
24

 h
1.

67
 µ

g/
kg

/m
in

0
0

0

SN
P 

(n
 =

 9
3)

H
ir

sc
hl

,99
 1

99
7

Tr
ea

tm
en

t 
of

 
hy

pe
rt

en
si

ve
  

em
er

ge
nc

y

81
U

ra
pi

di
l (

n 
= 

46
) 

SN
P 

(n
 =

 3
5)

5.
5 

h
0.

5–
3 

µg
/k

g/
m

in
0

0
0

A
bb

re
vi

at
io

ns
: 

SN
P,

 s
od

iu
m

 n
itr

op
ru

ss
id

e;
 N

R
, n

ot
 r

ep
or

te
d;

 C
A

BG
, c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t; 

M
A

P,
 m

ea
n 

ar
te

ri
al

 p
re

ss
ur

e;
 T

S,
 t

hi
os

ul
fa

te
; H

T
N

, h
yp

er
te

ns
io

n;
 M

i, 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 P
C

P,
 p

ul
m

on
ar

y 
ca

pi
lla

ry
 p

re
ss

ur
e;

  
N

T
G

, n
itr

og
ly

ce
ri

n;
 C

N
, c

ya
ni

de
; H

F,
 h

ea
rt

 fa
ilu

re
; e

C
G

, e
le

ct
ro

ca
rd

io
gr

am
; D

BP
, d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Clinical Trials 2010:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

142

Lockwood et al

(24–45 years) were determined to be 1.13 ± 0.11 mg/dL 

(range 0.43 to 2.54 mg/dL), and healthy males produced 

3 mg/d, regardless of dietary intake. Elevated thiosulfate 

concentrations were found in starving patients and children, 

possibly due to increased protein  utilization.18 Based on these 

data, authors reported that adults should be able to detoxify 

66 mg of SNP with endogenous thiosulfate stores; however, 

if thiosulfate concentrations need to be 3 times higher to 

act as a preferred substrate to rhodanase, this amount drops 

to ,50 mg. With these considerations in mind, the authors 

recommended a maximum safe dose of 1–1.5 mg/kg of SNP 

based on clinical experience. A limitation of this data is that 

it was a short-term study and does not reflect the true amount 

of SNP that the body can handle as we will discuss in the 

“How was toxic CN level defined” section. They also recom-

mended that sodium thiosulfate should be administered as a 

continuous infusion when SNP is administered over several 

hours. A 10:1 ratio of thiosulfate to nitroprusside as a mixed 

infusion provides enough sulfur to promote metabolism for 

excretion.11

There are now data to suggest other enzymes also have 

the capability of metabolizing CN, and these include mer-

captopyruvate sulfurtransferase and thiosulfate reductase 

in the mitochondria and cystathionine gamma lyase in the 

cytoplasm.100 It appears now that mechanistically 2 enzyme 

systems, rhodanase and mercaptopyruvate sulfurtransferase, 

are key players in the detoxification of CN.101,102 Rhodanase 

is a nonspecific enzyme that can interact with many sulfur 

donors. Besides thiosulfates, other sulfane-sulfur (divalent 

sulfur bound to another sulfur ion) sources in the body include 

polythionates, thiosulfonates, persulfides, and elemental 

sulfur.103 Thus, the “sulfane pool” is larger than initially pro-

posed resulting in the body’s enhanced ability to detoxify CN. 

Mercaptopyruvate sulfurtransferase aids in the detoxification 

process by generating sulfane-sulfur from cysteine, hence 

adding to the sulfane pool.104,105 Patients who are receiv-

ing oral or enteral nutrition will have additional sources of 

cysteine, which may add to the sulfane pool, although there 

are no published data to support this hypothesis at this time. In 

addition, mercaptopyruvate sulfurtransferase plays a key role 

in incorporating exogenous thiosulfate into the sulfane pool, 

as thiosulfate by itself has poor intracellular penetration.106

Although rhodanase is found in high concentrations in the 

liver, it is very scant in the brain.107 The primary toxic effects 

of CN are elucidated in the brain as it has a high affinity for 

cytochrome a,a
3
, the cytochrome oxidase found specifically 

in brain mitochondria.108 Albumin also appears to play a 

role in CN detoxification as it has been reported to act as a 

sulfur carrier, as well as it have the capacity to directly react 

with CN to form thiocyanate.109,110 This mechanism might be 

another way thiosulfate is able to relieve the toxic effects of 

CN particularly within the brain.

Besides enzymatic reactions, the body has other  chemical 

pathways to inactivate/remove CN, and they include reac-

tions with formic acid, 2-aminothiazoline-4 carboxylic 

acid, hydroxycobalamin, hemoglobin, exhalation of hydro-

gen cyanide (HCN), and incorporation into choline and 

methionine.25,111 In conclusion, the body possesses a much 

larger capacity for the detoxification of CN than once 

 realized. Although there are a couple of primary pathways 

that account for the majority of the detoxification, it is 

unknown how the other systems interact in vivo (ie, in the 

presence of a large CN load can other systems upregulate to 

handle the burden). Nonetheless, the data suggest that larger 

doses of SNP may be used in patients, contrary to what has 

been proposed previously.11,16,18,50,112,113

How was toxic level of CN defined?
CN has the potential to distribute into 3 general compartments – 

red blood cells (RBCs), plasma, and tissues.13,16,56 Most 

investigators believe that the conversion of SNP to CN takes 

place in extracellular space or plasma.8,13,16,52,114 CN becomes 

concentrated within erythrocytes; however, it is suggested 

that the plasma CN concentration remains in equilibrium 

with tissue and correlates to CN toxicity.16,25,52 The relation-

ship between plasma and erythrocyte CN concentrations also 

is proportional; thus, a rise in erythrocytic CN correlates to 

a rise in plasma and tissue CN concentrations.25 Because of 

ease of measurement, most investigators evaluate erythrocytic 

CN concentrations as opposed to plasma CN concentrations.25 

Most laboratories however, only report whole blood CN con-

centrations, which can take days to weeks to result and can be 

misinterpreted due to the significant distribution into eryth-

rocytes.115 Whole blood CN levels may be elevated without 

manifestation of toxicity, or, in some case, may be falsely low 

due to a delay between sample collection and analysis.2,25,56 

Therefore, most clinicians must rely on symptomatology 

rather than whole blood CN concentrations.

In 1976, Vesey and colleagues50 studied the CN and thio-

cyanate concentrations following SNP infusion for controlled 

intraoperative hypotension in 26 patients undergoing major 

orthopedic surgery. The results indicated that for infusions 

lasting approximately 2 hours, plasma and erythrocyte 

CN concentrations were more closely related to the total dose 

of SNP than to the rate of infusion (r = 0.924, P , 0.001; 

r = 0.849, P , 0.001, respectively). Vesey and colleagues50 
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found that 98.4% of blood CN was located in the red cells 

as previously described. Based on these results and previ-

ously published data, Vesey and colleagues50 hypothesized 

that the lethal plasma CN concentration is between 10 and 

20 µmol/L, and the lethal intravenous dose of SNP would 

be ,250 mg. The authors recommended that the total dose 

of SNP be limited to 1.5 mg/kg for the duration of an average 

surgical operation lasting 1–3 hours.

Pasch and colleagues52 studied the CN concentrations in 

the blood following intraoperative SNP administration with 

and without thiosulfate. SNP was administered to produce 

controlled hypotension during surgery in 55 patients. Patients 

were divided into 5 groups. Groups 1 through 3 were retrospec-

tively divided based on the rate of SNP infusion (,2 µg/kg/

min, 2–4 µg/kg/min, and .4 µg/kg/min,  respectively), group 4 

received an intravenous bolus of sodium thiosulfate at set 

times in addition to SNP doses $2.4 µg/kg/min, and group 5 

received SNP at doses $3.5 µg/kg/min in addition to sodium 

thiosulfate continuous infusion. The authors determined that 

the mean values of erythrocyte CN concentrations increased 

with the quantity of SNP administered in groups 1 through 

3. Most patients in group 1 had a CN level ,10 µmol/L. In 

group 2, the mean CN concentration was 14.4 µmol/L, and 

in group 3, the mean CN concentration was 48.2 µmol/L. 

In patients not receiving thiosulfate, there was a clinically 

significant correlation between the SNP infusion rate and 

the maximum CN concentration (r = 0.862; P , 0.01). 

In groups 1 through 3, the concentration of CN increased 

with time, with the most notable increase in group 3, which 

received the greatest SNP infusion rate. Groups 4 and 5 

had low CN concentrations due to the administration of 

thiosulfate.

According to previously published data and cases, Pasch 

and colleagues52 assumed that metabolic changes (increase 

in base deficit and a decrease in mixed venous oxygen satu-

ration) were detectable at erythrocyte CN concentrations of 

40 µmol/L; severe clinical symptoms occur at concentrations 

from 200–250 µmol/L and upward, and concentrations from 

400–500 µmol/L are considered lethal. Based on the calcu-

lated CN detoxification rate of 0.1–0.2 mg/kg/h, the authors 

computed time to the development of significant CN levels 

for given SNP infusion rates (Table 4).

The authors concluded that infusion rates of up to 

2 µg/kg/min lead to a slight increase in red cell CN con-

centrations of ,20 µmol/L and presented no danger to the 

patient, whereas doses .2.5 µg/kg/min led to significant ele-

vations in CN levels in a matter of hours to minutes. Admit-

tedly, the authors also noted considerable  interindividual 

 fluctuation in the rate of SNP infusion and the red cell CN 

concentration.

In the 1970s, various authors published safe upper dosing 

limits for short SNP infusions during deliberate hypotension, 

but little was known about the toxicity of long-term SNP 

infusions.50,82,116 In 1985, Vesey and Cole82 studied plasma and 

red cell CN concentrations and thiocyanate concentrations 

in 30 patients receiving long-term therapy (12–314 hours) 

with SNP. Blood samples were obtained during and/or near 

the end of the SNP infusion. The authors found a significant 

correlation between plasma and red cell CN concentrations 

and the rate of SNP infusion but not to total dose (r = 0.64, 

P , 0.001; r = 0.71, P , 0.001). In addition, erythrocyte 

CN concentrations correlated closely with plasma CN con-

centrations (r = 0.92, P , 0.001). The authors showed that 

plasma CN concentrations may increase above normal 

values when SNP is infused at rates .1 µg/kg/min, but 

 concerning CN levels did not occur until doses exceeded 

4 µg/kg/min. They hypothesized that when SNP is infused 

at higher rates, HCN may be released faster than it can 

be detoxified by endogenous thiosulfate, which result in 

elevated CN  concentrations. A limitation with this study is 

that there were only a handful number of levels measured 

at doses .4 µg/kg/min; therefore, it is not certain that there 

is a linear relationship with plasma CN levels at the higher 

doses. The study did demonstrate that there is a difference 

in toxicity when SNP is administered at lower doses over a 

longer period of time vs rapid boluses in the intraoperative 

setting and that there is safety with more chronic use. Admit-

tedly, the authors did state that the safe CN level in long-term 

SNP infusions is unknown; however, they derived a lower 

and upper limit for SNP based on a couple of assumptions. 

There is data to suggest that in patients suffering from tropi-

cal ataxic neuropathies, which is believed to be due to CN, 

have a mean plasma CN concentration of 1.1 µmol/L.117 

Vessey et al correlated this to a SNP dose of approximately 

4 µg/kg/min, which the authors suggest as the upper limit of 

safety for SNP. The average smoker inhales 25 µg of HCN 

Table 4 Time to projected cyanide concentrations based on SNP 
infusion rates

SNP infusion rate,  
μg/kg/min

Time needed to produce red cell  
cyanide concentrations, h

40 μmol/L 200 μmol/L

2.5 6.3 31.7
5 1 5
10 0.37 1.9

Notes: Adapted from Pasch et al.52

Abbreviation: SNP, sodium nitroprusside.
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a day, which is equivalent to about 1 µg/kg/min of SNP and 

they correlated this to the lower tolerable limit, as the average 

smoker has negligible CN level.

Although these assumptions provide us with useful guid-

ance as to the safe administration of SNP, they cannot be 

taken at face value. The limitation with the above-mentioned 

studies is that estimations of toxicity were based on either 

RBC or plasma CN levels without correlations to clini-

cal symptoms. The best data we have correlating levels to 

 clinical symptoms is by Hall and Rumack,25 which uses whole 

blood levels. Whole blood levels are generally what routine 

laboratories report. As such, it is difficult to suggest that the 

proposed dose limits by the previously mentioned studies 

are absolute. In routine clinical practice, as it relates to use 

in the postoperative or intensive care unit (ICU) setting, the 

proposed dose ranges are routinely exceeded without clinical 

symptomatology.

Are there limitations with CN level 
measurements?
It is important to note that all CN assays are not created 

equal. The most frequent procedure that had been used until 

at least the early 1980s is the colorimetric procedure, which 

in comparison to alternate methods like the potentiometric 

or spectrometry has the potential to introduce light to the 

biological assay. The significance of this lies in the fact that 

light converts SNP to aquapentacyanoferrate ion, which is still 

colorless, but readily decomposes to release CN.118 This is why 

SNP should be protected from light during administration. 

When CN levels were evaluated in a study by  Bisset et al120 

using an ion-sensitive electrode, they were unable to measure 

CN in whole blood, plasma, and RBCs. Therefore, some of the 

data regarding CN levels pre-1980 may have been spuriously 

overestimated because of the assay technique. Also of note, 

sodium thiosulfate has the potential to interfere with several 

assays and cause falsely elevated CN levels.104 Assays that 

require acidification as part of their process, or samples that 

are frozen and thawed, can have falsely elevated CN levels 

as well due to the artifactual generation of CN from thiocya-

nate.120,121 Finally, there are discrepancies in arterial vs venous 

samples.122,123 This calls into question the accuracy of estima-

tions of CN levels from much of the data, making it difficult 

to correlate CN levels to outcomes.

Are there confounding factors associated 
with published data regarding CN toxicity?
Although there are several cases of CN-associated  toxicity 

published in the literature, it is important to note that 

CN  levels were not drawn for all patients, so it is difficult 

to confirm the diagnosis of death related to CN toxicity 

(Tables 1 and 2). Moreover, many of the patients had multiple 

comorbidities that could have contributed to their demise. 

The data from the FDA are scant, which makes it difficult 

to make any true inferences about a causal relationship.47 

Furthermore, in several of the FDA reports, CN toxicity was 

assumed because there was no other explanation. Though 

rare, SNP has been reported to cause methemoglobinemia at 

high doses (.10 mg/kg).124 Nitrous oxide, which was used in 

the OR frequently for the anesthesia, also has the potential 

to cause methemoglobinemia.125 The combination of these 

agents could, theoretically, increase the risk of a patient 

developing methemoglobinemia. This highlights the concern 

that there are potentially other causes for negative outcomes, 

especially in the intraoperative setting. Nonetheless, we do 

want to emphasize the obvious: although there are confound-

ers related to the data, indiscriminate use of SNP does cause 

CN toxicity, as evident from several of the cases.

Safe use of SNP today – clinical 
monitoring and prophylaxis
Even with the limitations of the current data, one is still 

left with the question: how do I safely use this drug? We believe 

this drug still has great utility and can be monitored for safety 

without the use of CN levels, which are impractical today. 

The utilization of lactate levels does provide clinical utility. 

As reviewed previously, CN accumulation results in halting 

of aerobic metabolism by inhibiting the final step of oxida-

tive phosphorylation, leading to the generation of  lactic acid. 

Although inhibition of mitochondrial oxidative phosphoryla-

tion is not the only consequence of CN  accumulation, signifi-

cant CN intoxication has been associated with a various degree 

of lactic acidosis both in animals and humans.20–24 Baud et al23 

conducted a prospective study of 39 smoke-inhalation vic-

tims without severe burns and found a serum lactate level 

of .10 mmol/L (.90 mg/dL) to significantly correlate 

(r = 0.47, P , 0.001) with toxic CN levels of .40 µmol/L 

or .1.0 mg/L (whole blood CN concentrations ,40 µmol/L 

were defined as nontoxic, .40–100 µmol/L as potentially 

toxic, and .100 µmol/L as potentially lethal). Furthermore, 

based on their results, the authors reported that the sensitiv-

ity of plasma lactate concentration .10 mmol/L for CN 

poisoning (blood level .40 µmol/L) was 87%, with 94% 

specificity and the positive predictive value of 95%. Baud and 

colleagues,23 therefore, concluded that high plasma lactate 

concentrations were largely indicative of CN intoxication in 

smoke-inhalation victims with no or minor burns (,15% of 
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body surface area). Although this information was useful for 

patients involved in fires, little was known about the correla-

tion between acute pure CN poisoning and plasma lactate 

concentration. Baud et al23 hypothesized that serial plasma 

lactate concentrations could be used as a marker for the evo-

lution of CN toxicity and have confirmatory and therapeutic 

value. To test their hypothesis, Baud et al22 conducted a retro-

spective study of 11 patients in the toxicologic ICU, who had 

confirmed exposure to CN. Victims of smoke inhalation were 

excluded from the study. The median age was 38 years and 

the majority of patients ingested potassium cyanide (7/11). 

At baseline, there was a significant correlation (r = 0.74, 

P = 0.017) between the median blood CN concentration of 

4.2 mg/L (n = 10, 0.34–6.9 mg/L) and median plasma lac-

tate concentration of 168 mg/dL (n = 10, 43–477 mg/dL). It 

was determined that plasma lactate concentration of 72 mg/

dL (8 mmol/L) had the best sensitivity and specificity (94% 

and 70%, respectively) in predicting CN toxicity (blood 

CN concentration of .1.0 mg/L) with positive and negative 

predictive values of 64% and 98%, respectively. In patients 

who did not receive catecholamine infusion, the specificity 

and the positive predictive values increased to 85% and 86%, 

respectively. Although limited by a small sample size, the 

authors concluded that immediate and serial measurement 

of plasma lactate concentrations would be useful in assess-

ing severity of CN poisoning, especially in a situation where 

immediate laboratory confirmation of CN intoxication is 

not possible.22 Finally, Fahmy53 demonstrated a correlation 

between base excess and whole blood CN levels in patients 

who received SNP for controlled intraoperative hypotension. 

The available literature supports positive correlation between 

plasma lactate and CN concentrations, although most of the 

data are in acute CN poisonings. Although it is not certain 

that plasma lactate level is a sensitive or a diagnostic marker 

in cases of gradual CN accumulation (ie, administration of 

SNP) due to lack of randomized controlled trials, the current 

data suggest that it is a reasonable monitoring tool.

For the skeptic, who is still concerned about the risk 

of CN toxicity associated with SNP, there are data to 

support its coadministration with sodium thiosulfate as 

a prophylactic agent. Several investigators have reported 

that coadministration of SNP and thiosulfate significantly 

diminished CN accumulation regardless of SNP infusion 

rate and duration of infusion.13,18,52,56,79 One of the very first 

human studies by Schulz and colleagues79 presented results 

on 19 patients receiving mixed infusion of thiosulfate and 

SNP for hypertensive emergency in whom no toxicologically 

relevant levels were reached even at high doses for up to 

2 weeks (highest CN level around 20 µmol/mL with infusion 

rates .10 µg/kg/min). Furthermore, thiosulfate did not affect 

the efficacy of SNP when admixed together as long as the 

mixture was protected from direct sunlight. The authors also 

reported that although monosolution (SNP alone) was more 

stable, the mixed solution could, however, be used for up to 

8 days without any significant loss of effectiveness.79 Other 

studies reported on thiosulfate effectiveness as intermit-

tent bolus injections.52,56 Cole and Vesey56 measured CN 

and thiocyanate concentrations in 30 patients undergoing 

 intraoperative SNP-induced hypotension with half of the 

patients receiving a bolus of thiosulfate (10.6–38.5 mg/

kg) immediately after discontinuation of SNP infusion. The 

average infusion rate and duration of SNP in the control and 

intervention group were 3.89 µg/kg/min for 98.7 minutes and 

5.43 µg/kg/min for 88.9 minutes, respectively. The authors 

demonstrated that CN levels were significantly lower in the 

intervention group at 10, 30, and 60 minutes postinfusion 

(P , 0.05) and that thiosulfate significantly shortened the 

time to 50% decrease in CN levels (P , 0.001). Another study 

by Pasch et al52 investigated protective effects of thiosulfate as 

either intermittent bolus injections (n = 8) or when co-infused 

with SNP (n = 8) during controlled intraoperative hypoten-

sion. Thiosulfate boluses were administered 55 minutes 

post-SNP initiation and then at intervals of 60 minutes. In the 

bolus group, the maximal erythrocyte CN concentration was 

13.0 ± 5.0 nmol/mL at a mean infusion rate of 4.79 ± 1.10 µg/

kg/min. With simultaneous infusion of SNP and thiosulfate, 

no CN levels exceeded 10 nmol/mL, despite higher mean 

infusion rate of 5.56 ± 0.77 µg/kg/min. The authors concluded 

that the safest method of administering SNP is to infuse it in 

combination with thiosulfate as long as light protection can 

be reliably ensured.

Co-infusion of SNP with thiosulfate may result in higher 

levels of thiocyanate, which is approximately 100 times less 

toxic than CN. Thiocyanate is excreted by the kidneys with 

elimination half-life of 2.7 days in patients with normal renal 

function, which is increased, to up to 9 days in patients with 

renal dysfunction. Prolonged exposure to thiocyanate may 

result in its toxicity after approximately 9 days in patients 

with normal renal function and after approximately 3 days 

in those with renal failure. The clinical symptoms of serious 

thiocyanate toxicity are nonspecific and primarily neurologic 

including confusion, hallucinations, convulsions, and coma. 

Since thiocyanate competes with iodine for thyroidal uptake, 

antithyroidal effects should be considered when patients 

receive prolonged infusions of SNP. In addition, unlike CN, 

thiocyanate toxicity is not associated with metabolic acidosis 
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and decreased oxygen consumption. Although thiocyanate 

serum concentrations are not useful in detecting CN poison-

ing, they could be of value in diagnosing thiocyanate toxicity. 

Serious thiocyanate toxicity has been reported with serum 

concentrations exceeding 100 mg/L (normal concentration in 

nonsmokers is ,4 mg/L and in smokers is ,8 mg/L). In case 

of thiocyanate toxicity, hemodialysis effectively removes this 

compound leading to rapid improvement in central nervous 

system function.11,13,16

Conclusion
In conclusion, SNP is a potent vasodilator with excellent blood 

pressure-lowering effects; however, health care providers must 

be aware of its limitations. With close monitoring of arterial 

blood pressure, serum lactate levels, and clinical symptoms of 

CN toxicity, SNP can be a safe first-line agent in hypertensive 

emergencies or as an adjunct in difficult to control patients.
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