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Effect of nicardipine on vascular capacitance: comparison with 
sodium nitroprusside during induced hypotension 
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Abstract: The purpose of this study was to examine the effects 
of nicardipine and sodium nitroprusside (SNP) on vascular 
capacitance in the rat. In ten rats anesthetized with pen- 
tobarbital, mean arterial pressure was lowered to about 
70 mmHg and subsequently 50 mmHg by intravenous infusion 
of nicardipine or SNP. Vascular capacitance was assessed be- 
fore and during nicardipine- or SNP-induced hypotension by 
measuring the mean circulatory filling pressure (MCFP). 
MCFP was measured during a brief period of circulatory 
arrest produced by inflating a balloon inserted in the right 
atrium. MCFP was significantly decreased by SNP from 7.1 _+ 
0.3mmHg at control to 5.6 -+ 0.4mmHg and 4.4 - 0.3mmHg 
at mean arterial pressures of 70mmHg and 50 mmHg, respec- 
tively. However, MCFP stayed at a similar level to that of the 
control during nicardipine-induced hypotension. These results 
suggest that nicardipine has a negligible influence on vascular 
capacitance during induced hypotension, whereas SNP has a 
potent vasodilating effect on the venous system as well as the 
arterial system. 
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Introduction 

Vasodilator agents are used for induced hypotension 
during anesthesia in order  to decrease blood loss, 
thereby improving operating conditions or decreasing 
the need for blood transfusion. Sodium nitroprusside 
(SNP), a drug commonly used to induce hypotension, 
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has several advantages such as rapid onset, short dura- 
tion of action, and easy controllability of blood pressure 
but also has undesirable side effects, including tachy- 
phylaxis and cyanide toxicity [1]. On the other hand, 
nicardipine, a dihydropyridine calcium channel block- 
ing agent, is widely used for the treatment of hyperten- 
sion. It has recently been reported that nicardipine can 
be used for induced hypotension under anesthesia in 
patients undergoing orthopedic surgery [2,3]. These 
human studies have compared hemodynamic changes 
during hypotension induced by SNP and nicardipine 
[2,3]. However,  there have been few studies concerning 
the effects of nicardipine on the venous system during 
induced hypotension. The venous system is necessary 
for control of circulation not only as a conduit but also 
as a reservoir of the circulatory blood [4]. Since a small 
change in vascular capacitance significantly alters 
venous return to the heart  and thus affects cardiac out- 
put [4], it is important  to know the effects of nicardipine 
and SNP on vascular capacitance, particularly during 
induced hypotension under general anesthesia. An al- 
teration in vascular capacitance can be assessed by mea- 
suring mean circulatory filling pressure (MCFP) [5]. In 
this study, we examined the effect of nicardipine and 
SNP on MCFP during induced hypotension in rats. 

Methods 

Surgical preparation 

Ten Wistar rats, weighing 300-400 g, were used for this 
experiment. The rats were anesthetized with pento- 
barbital 50mg.kg -1 given intraperitoneally. When tail 
pinch responses were observed in the rats, a small 
supplemental dose of pentobarbital  was given as neces- 
sary to maintain a constant and adequate anesthetic 
state during the experiment. After  tracheostomy, the 
rats were mechanically ventilated using a Harvard res- 
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pirator with oxygen to maintain Pao2 and Paco2 at physi- mmHg 
ological levels. Two catheters (Argyle 20G, Nippon 150 
Sherwood, Tokyo, Japan) were placed in the left 
femoral artery and vein and connected to pressure 
transducers for recording arterial and central venous 
pressure, respectively. The arterial catheter was ad- 
vanced to the iliac bifurcation, and the venous catheter ~ 100 

in the abdominal inferior vena cava. The w a s  positioned 
proper  position of the venous catheter was confirmed by ~" 

I 

a synchronous change of the venous pressure with respi- Nk 
ration. A balloon-tipped catheter was placed in the right ~ 5 0  
atrium through the right external jugular vein, and the < 
proper  location was tested by injecting 0.3ml of air into 
the balloon to stop the circulation completely. When 
the characteristic smooth increase in venous pressure 
and simultaneous decrease in arterial pressure to less 0 
than 30 mmHg were not observed, the balloon was re- mmHg 
positioned. The right femoral vein was also cannulated 10 
(Argyle 20G, Nippon Sherwood) and used as a drug 
infusion route. 

Measurement of MCFP 

MCFP was measured by the method introduced by 
Yamamoto et al. [6]. Immediately after the balloon was 
inflated, arterial pressure decreased and venous pres- 
sure increased simultaneously (Fig. 1). Central venous 
pressure reached a plateau within 4 -5  s. Since arterial 
and venous pressure during circulatory arrest were not 
in complete equilibrium, MCFP was calculated accord- 
ing to the following equation: 

MCFP = VPP + K(FAP - VPP) 

where VPP is the venous plateau pressure, FAP is the 
final arterial pressure, and K is the ratio of the arterial 
to venous compliance. In accordance with the report  by 
Yamamoto et al. [6], a K value of 1/60 was used in this 
experiment. 

Protocol 

Inflation 

q FAP 

O ~ P 

5 SeC 

Fig. L Recording of arterial pressure and venous pressure 
during inflation of the balloon. Arterial pressure decreased 
and venous pressure increased and plateaued about 5 s after 
inflation. FAP, final arterial pressure; VPP, venous plateau 
pressure 

Doses of nicardipine were 25 _ 9 and 55 _+ 
15~tg.kg-1.min -1 at moderate  and deep hypotension, 
respectively. Doses of SNP were 11 _+ 3 and 25 _+ 
10 gg.kg-l.min -1 at moderate  and deep hypotension, re- 
spectively. 

Mean arterial pressure (MAP), heart rate, and central 
venous pressure (CVP) were measured in the control 
state as well as during nicardipine- or SNP-induced 
hypotension. Each rat received both nicardipine and 
SNP. The order of drug administration was randomized. 
The drugs were diluted in normal saline. Two stages of 
induced hypotension such as moderate  hypotension and 
deep hypotension were elicited at a MAP of approxi- 
mately 70mmHg and 50mmHg, respectively. MCFP 
was obtained at control and during moderate  and deep 
hypotension. At least 20min was allowed between 
MCFP measurements,  and more than l h  was allowed 
after nicardipine infusion until the start of SNP infusion, 
because nicardipine has a relatively long half-life [7]. 

Statistical analys& 

Data were expressed as mean _ SE (standard error  of 
mean). Repeated measures of analysis of variance 
(ANOVA)  were used for comparison of results, fol- 
lowed by Scheff6's test. P < 0.05 was considered as 
significant. 

Results 

Table i summarizes the values for MAP, heart rate, and 
CVP in the control state as well as during nicardipine- 
and SNP-induced hypotension. The MAP decreased 



J.T. Sohn et al.: Nicardipine on vascular capacitance 201 

Table 1. Mean arterial pressure (MAP), heart rate, central venous pressure (CVP), 
and mean circulatory pressure (MCFP) at control and during moderate and deep 
hypotension induced by nicardipine or SNP (sodium nitroprusside) 

MAP heart rate CVP MCFP 
(mmHg) (beats.min -1) (mmHg) (mmHg) 

Control 
Nicardipine 103 _+ 4 414 + 9 
SNP 98 _+ 2 415 _ 8 

Moderate hypotension 
Nicardipine 70 ___ 2 a 373 +__ 15 a,c 
SNP 69_+1 a 413+_9 

Deep hypotension 
Nicardipine 54 -+- 4 a,b 317 _+ 18 ~,c 
SNP 51 -- 2 a,b 396 +-- 11 

1.3 _+ 0.2 6.5 +_ 0.2 
1.6 + 0.2 7.1 _+ 0.3 

1.7 ___ 0.2 6.6 +- 0.2 c 
1.5 +_ 0.2 5.6 -+ 0.4" 

1.5 + 0.2 6.1 - 0.2 c 
1.4 _+ 0.2 4.4 + 0.3 a'b 

n = 10 for  Nica rd ip ine  and  SNP. Va lues  are  exp re s sed  as m e a n  -4- SE. 
a p  < 0.05 vs control .  
b p  < 0.05 vs m o d e r a t e  hypo tens ion .  
cp  < 0.05 vs SNP. 

[ ]  Control 

[ ]  Moderate hypotension 

�9 Deep hypotension 

Nicardipine SNP 

a P<0.05 vs. Control 
b P<0.05 vs. Moderate hypotension 
c P<0.05 vs. SNP 

Fig. 2. Effects of nicardipine and sodium nitroprusside (SNP) 
on mean circulatory filling pressure (MCFP) during moderate 
hypotension at a mean arterial pressure of about 70mmHg 
and during deep hypotension at mean arterial pressure of 
about 50mmHg. Nicardipine did not alter MCFP during both 
moderate and deep hypotension as compared with the con- 
trol, whereas SNP decreased MCFP depending on the extent 
of hypotension 

to 70 + 2 m m H g  and 69 • l m m H g  at modera te  
hypotension and to 54 • 4 m m H g  and 51 • 2 m m H g  at 
deep hypotension in the nicardipine and SNP groups, 
respectively. The M A P  and CVP were not significantly 

different between the nicardipine and SNP groups in 
the control state as well as at modera te  and deep 
hypotension, but the heart  rate significantly decreased 
during nicardipine-induced hypotension as compared  
with SNP-induced hypotension. 

Figure 2 shows the values of MCFP in the control 
state and at modera te  and deep hypotension produced 
by nicardipine and SNP. MCFP significantly decreased 
f rom 7.1 • 0.3 to 5.6 _+ 0 .4mmHg at modera te  
hypotension and to 4.4 _ 0 .3mmHg at deep hypo- 
tension in the SNP group, while MCFP in the 
nicardipine group was maintained f rom 6.5 +_ 0.2 m m H g  
in the control, to 6.6 _+ 0 .2mmHg at modera te  hypo- 
tension, and to 6.1 • 0 .2mmHg at deep hypotension. 
The MCFPs produced by nicardipine were significantly 
different f rom those in the SNP group at both  modera te  
and deep hypotension. 

Discussion 

The principal finding of this study was that MCFP 
was maintained during nicardipine-induced modera te  
hypotension as well as deep hypotension at a level simi- 
lar to that observed in the prehypotensive state. By 
contrast, during SNP-induced hypotension, MCFP sig- 
nificantly decreased and the decrease was greater  at 
deep hypotension than that at modera te  hypotension. 
MCFP is a function of total vascular capacitance and 
blood volume. Vascular capacitance is defined as the 
total contained volume of the vasculature at a given 
transmural  pressure [4]. Capacitance vessels are prima- 
rily veins and venules. If  blood volume is constant, the 
MCFP change reflects mostly an alteration of venous 
rather  than arterial tone. Therefore,  our results sug- 
gest that SNP increases vascular capacitance, but 
nicardipine does not alter it. This lack of effect of 
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nicardipine on the MCFP and vascular capacitance may 
contribute to maintaining venous return and thus car- 
diac output, since venous return to the heart  is propor-  
tional to the difference between the MCFP and right 
atrial pressure. 

The validity of this method  for the measurement  of 
MCFP has been  discussed in previous reports  [6,8]. It  
has been shown that MCFP obtained by this method is 
not different f rom MCFP obtained by the classical 
method using blood transfer f rom the arterial to the 
venous system after circulatory arrest [6]. A number  of 
studies examining the effect of various vasoactive drugs 
[9-11] or anesthetic agents [8] on vascular capacitance 
have used this method.  

Our  results regarding the effect of SNP on MCFP or 
vascular capacitance are consistent with several previ- 
ous reports  [10,12]. D 'Oy ley  et al. [10] found that SNP 
decreased MCFP in the conscious rat  t reated with 
hexamethonium but did not change MCFP in untreated 
rats, suggesting that SNP is an effective venous dilator 
but that its effect may be concealed by a reflex increase 
in sympathetic activity in the conscious state. Using ex- 
t racorporeal  circulation in deafferented dogs anesthe- 
tized with sodium thiopental,  H o k a  et al. [12] showed 
that SNP increased systemic blood volume by approxi- 
mately 5 ml-kg 1 under  constant CVP, indicating that 
SNP increases vascular capacitance. A plethysmogra-  
phy study has shown that SNP dilated human  resistance 
vessels as welt as capacitance vessels [13]. Thus, SNP is 
believed to cause venous dilatation and increase vascu- 
lar capacitance. 

Our  results of the effect of nicardipine on MCFP are 
also in agreement  with previous reports  dealing with 
calcium antagonists. Waite et al. [14] repor ted  that 
verapamil,  nifedipine, and flunarizine caused an in- 
crease in MCFP compared  with the corresponding con- 
trol values in conscious rats, whereas after t rea tment  
of hexamethonium verapamil  did not increase MCFP, 
suggesting that the calcium antagonists exert little effect 
on MCFP if the autonomic reflex modulat ion is ex- 
cluded. In anesthetized open-chest  dogs, a single dose 
of nicardipine has been shown to cause little effect 
on MCFP, although diltiazem was found to decrease 
MCFP [10]. The lesser effect of nicardipine on capaci- 
tance vessels than on resistance vessels is also supported 
by the finding tha t  SK&F 24260, the same dihydro- 
pyridine derivative as nicardipine, preferentially dilates 
precapillary sphincter vessels to reduce resistance but 
has little effect on capacitance vessels [15]. In contrast, 
SNP has been shown to exert a powerful  dilating effect 
on both resistance vessels and veins [16]. In addition, in 
patients receiving induced hypotension with nicardipine 
or SNP during total hip arthroplasty, Bernard  et al. [3] 
have shown that the intravenous fluid volume required 
to maintain pulmonary capillary wedge pressure at 

5 m m H g  was larger in the SNP group than in the 
nicardipine group, which indirectly indicates that 
nicardipine has less of a dilatory effect on the venous 
system than SNP. However ,  there have been no studies 
examining the direct effect of nicardipine on MCFP in 
comparison with SNP at comparable  hypotensive levels. 
Our  study clearly shows that nicardipine maintains 
MCFP and thus vascular capacitance, whereas SNP de- 
creases MCFP and thus increases vascular capacitance 
during induced hypotension in rats under pentobarbi ta l  
anesthesia. 

These differences between nicardipine and SNP in 
their effect on vascular capacitance should be taken into 
account when these drugs are used clinically. In patients 
with hypovolemia,  SNP may accelerate a decrease in 
venous return and thus a decrease in cardiac output,  
whereas nicardipine may maintain venous return and 
cardiac output  in that situation. On the other hand, in 
patients with congestive heart  failure, an increase in 
vascular capacitance by SNP may be beneficial to re- 
duce the preload and lessen the cardiac work simulta- 
neously with the reduction of afterload, whereas the 
lack of venodilatat ion in nicardipine may be somewhat  
inconvenient in that condition. 
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