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Background
• R a p i d  r e d u c t i o n  o f  b l o o d  p r e s s u r e  ( B P )  w i t h  i n t r a v e n o u s  ( I V )  a n t i - h y p e r t e n s i v e  a g e n t s  

i s  r e q u i r e d  i n  v a r i o u s  c l i n i c a l  s e t t i n g s  w h e n  o r a l  t h e r a p y  i s  n o t  f e a s i b l e  o r  n o t  
d e s i r a b l e .

• C l e v i d i p i n e  i s  a n  I V  d i h y d r o p y r i d i n e  c a l c i u m  c h a n n e l  b l o c k e r  i n d i c a t e d  f o r  t h e  
r e d u c t i o n  o f  b l o o d  p r e s s u r e .

• C l e v i d i p i n e  w o r k s  b y  d i l a t i n g  a r t e r i e s ,  t h u s  r e d u c i n g  b l o o d  p r e s s u r e .  C l e v i d i p i n e  h a s  a  
f a s t  o n s e t  a n d  o f f s e t  o f  a c t i o n  m a k i n g  i t  e a s i l y  a d j u s t a b l e  t o  a c h i e v e  d e s i r e d  b l o o d  
p r e s s u r e  l e v e l s .

Object ive
• T h e  a i m  o f  t h i s  c o s t  c o n s e q u e n c e  a n a l y s i s  w a s  t o  e s t i m a t e  t h e  e c o n o m i c s  a n d  

c o n s e q u e n c e s  o f  v a r y i n g  c l e v i d i p i n e  u t i l i z a t i o n  f o r  b l o o d  p r e s s u r e  m a n a g e m e n t  i n  
p a t i e n t s  u n d e r g o i n g  c a r d i a c  s u r g e r y.

INTRODUCTION

METHODS

Model  Summary
• A  d e c i s i o n  a n a l y t i c  m o d e l  w a s  d e v e l o p e d  t o  s i m u l a t e  t h e  c o s t s  a n d  c o n s e q u e n c e s  

a s s o c i a t e d  w i t h  t h e  u s e  o f  c l e v i d i p i n e ,  s o d i u m  n i t r o p r u s s i d e ,  a n d  n i c a r d i p i n e  i n  
p a t i e n t s  u n d e r g o i n g  c a r d i a c  s u r g e r y  e x p e r i e n c i n g  p e r i o p e r a t i v e  h y p e r t e n s i o n . ( F i g u r e  1 )

• O u t c o m e s  w e r e  q u a n t i f i e d  f r o m  a  U S  h o s p i t a l  p e r s p e c t i v e  o v e r  a  3 - y e a r  t i m e  h o r i z o n .

Clevidipine Nicardipine Nitroprusside

Controlled BP : AUCSBP-D ≤ 10 
mm Hg min/h2

56.60% 56.03% 41.22%

Surgery duration (h) 3 3.3 3.4 3.5
Intubation (h) 7.0 7.9 7.7

≤ 6 h (% Pts)4 53.7% 53.7% 53.7%
6 h - 24 h (% Pts) 4 37.9% 37.9% 37.9%
> 24 h (% Pts) 4 8.4% 8.4% 8.4%

Total LOS (ICU, OR, GW) (h) 3 32 33.4 34.3

Post-op LOS (days) 5.25 5.25 5.25

% Pts using 1 IV anti-HTN5 96.7% 51% 22%

% Pts using 2 IV anti-HTN5 3.3% 28% 32%

% Patient using 3 or more IV 
anti-HTN5

0.0% 21% 46%

Total (% Pts using 1-3 IV 
anti-HTN)

100% 100% 100%

Calculated weighted average 
# of IV anti-HTN 

1.90 1.70 2.24

Clevidipine Nicardipine Nitroprusside

Average infusion duration 
(h)6 6.7 7.9 5.4

Average infusion rate 
(mg/h)6-8 5.2 8.0 4.3

Concentration (mg/mL)7,8 0.5 0.10 0.50

Agent NDC code Utilization Acquisition price/ml12

Nicardipine vial 72572-0470-01 50% $0.19

Nicardipine RTU 0143-9634-10 50% $0.51

Clevidipine 10122-0610-01
NA

$1.46

Sodium nitroprusside 70436-0028-80 $0.02

• F o r  a  h y p o t h e t i c a l  c a s e l o a d  o f  1 0 0  c a r d i a c  s u r g e r y  p a t i e n t s ,  i n c r e a s e d  c l e v i d i p i n e  
u s e  l e d  t o  r e d u c t i o n s  i n  t h e  l e n g t h  o f  s t a y  ( i . e . ,  I C U ,  O R ,  a n d  g e n e r a l  w a r d )  b y  6 3  
h o u r s  i n  t o t a l ,  w h i c h  r e s u l t e d  i n  a n  a v e r a g e  c o s t  s a v i n g  o f  $ 1 5 , 6 9 7 . ( Ta b l e  6 )

• O n  a  p e r  p a t i e n t  b a s i s ,  t h e  i n c r e a s e d  u s e  o f  c l e v i d i p i n e  l e d  t o :

o S l i g h t l y  r e d u c e d  s u r g e r y  d u r a t i o n  b y  0 . 0 4  h o u r s .  ( F i g u r e  2 a )  

o S l i g h t l y  r e d u c e d  i n t u b a t i o n  t i m e  b y  0 . 4  h o u r s . ( F i g u r e  2 b )  

o I C U ,  O R , g e n e r a l  w a r d  l e n g t h  o f  s t a y  b y  0 . 6  h o u r s . ( F i g u r e  2 c )  

o R e d u c t i o n  i n  t h e  I V  a n t i - h y p e r t e n s i v e  a v e r a g e  i n f u s i o n  v o l u m e  b y  2 4 2  m L .

( F i g u r e  2 d )  

o S l i g h t l y  l o w e r e d  h o s p i t a l  c o s t s  r e s u l t i n g  i n  a n  a v e r a g e  c o s t  s a v i n g  o f  $ 3 5 / p a t i e n t  
i n c l u d i n g  l o w e r  d r u g  c o s t  o f  a b o u t  $ 3 4 / p a t i e n t . ( F i g u r e  2 e  a n d  F i g u r e  2 f )

Base Case 1 year 2 year 3 year
Total LOS (hours) 3342 3321 3300 3279
Total hospital costs $7,780,150 $7,779,017 $7,777,879 $7,776,737
Total IV anti-hypertensive drug costs $22,312 $21,604 $20,491 $18,977
Total ICU, OR, GW LOS costs $1,047,692 $1,042,466 $1,037,230 $1,031,995
Total ventilation costs on the second day of CABG $103,224 $101,498 $99,768 $98,040

• T h e  s a f e t y  a n d  e f f i c a c y  o f  c l e v i d i p i n e  a n d  t h e  c o n c o m i t a n t  u s e  o f  v a s o p r e s s o r s  h a s  n o t  
b e e n  w e l l - e s t a b l i s h e d  a n d  r e q u i r e s  f u r t h e r  p r o s p e c t i v e  r e s e a r c h .

• Va s o p r e s s o r s  a r e  e x c l u d e d  f r o m  t h e  a n a l y s i s .  W h e n  n o t  s e l e c t e d ,  u t i l i z a t i o n  i s  n o t  
i n c l u d e d  f o r  c o s t i n g  p u r p o s e s ;  a n d  o u t c o m e s  s u c h  a s  v o l u m e  a r e  q u a n t i f i e d .  
Va s o p r e s s o r s  m a y  b e  u s e d  i n  c o n j u n c t i o n  w i t h  I V  a n t i - h y p e r t e n s i v e s  w h i c h  c o u l d  
i m p a c t  c o s t s  a n d  o u t c o m e s .  T h e  a n a l y s i s  i s  f o c u s e d  o n  I V  a n t i - h y p e r t e n s i v e s .

• T h e  i n c r e a s e d  u s e  o f  c l e v i d i p i n e  i n  c a r d i a c  s u r g e r y  p a t i e n t s  r e s u l t s  i n  i m p r o v e d  
o u t c o m e s  o v e r  t h e  3  y e a r s .

• T h e  s u r g e r y  d u r a t i o n ,  i n t u b a t i o n  d u r a t i o n  a n d  I C U ,  O R , G e n e r a l  w a r d  l e n g t h  o f  t h e  
s t a y  w e r e  d e c r e a s e d  s l i g h t l y  o v e r  t h e  3  y e a r s

• C o s t  s a v i n g s  w e r e  e s t i m a t e d  o v e r  t h e  3  y e a r s ,  e s p e c i a l l y  d u e  t o  a  r e d u c t i o n  i n  t o t a l  
h o s p i t a l  s t a y.

• A d d i t i o n a l l y,  I V  a n t i - h y p e r t e n s i v e  d r u g  c o s t s  w e r e  d e c r e a s e d  w i t h  t h e  r e d u c t i o n  i n  t h e  
t o t a l  i n f u s i o n  v o l u m e  p e r  p a t i e n t

Model  Inputs
• T h e  m o d e l  i n p u t s  i n c l u d e d  u t i l i z a t i o n ,  d o s i n g  i n f o r m a t i o n ,  t o t a l  m e a n  i n i t i a l  h o s p i t a l  

c o s t s  b y  l e v e l  o f  c o n t r o l ,  h e a l t h  r e s o u r c e  u t i l i z a t i o n  ( H R U )  c o s t s ,  a n d  d r u g  c o s t s

o L e v e l  o f  b l o o d  p r e s s u r e  c o n t r o l  i s  m e a s u r e d  b y  a r e a  u n d e r  t h e  c u r v e  ( A U C ) .

▪ P a t i e n t s  w h o  a r e  c o n s i d e r e d  c o n t r o l l e d  h a v e  a n  A U C ≤ 1 0  m m  H g  x  m i n / h  a n d  
p a t i e n t s  w h o  a r e  c o n s i d e r e d  u n c o n t r o l l e d  h a v e  a n  A U C > 1 0  m m  H g  x  m i n / h .

Table 3. Dosing information

• T h e  u t i l i z a t i o n  o f  n i c a r d i p i n e  R e a d y -
t o - U s e  ( R T U )  ( 0 . 1  m g / m L )  a n d  
n i c a r d i p i n e  v i a l s  a r e  a s s u m e d  t o  b e  
e q u a l .

C l i n i c a l  I n p u t s

• T h e  c l i n i c a l  i n p u t s  f o r  A U C ,  s u r g e r y  
d u r a t i o n ,  i n t u b a t i o n  t i m e ,  w e r e  
b a s e d  o n  p u b l i s h e d  l i t e r a t u r e . 2 - 5

( Ta b l e  2 )

• T h e  c a r d i a c  a n a l y s i s  i s  b a s e d  o n  3  
p a r a l l e l  s t u d i e s  ( E C L I P S E )  w h i c h  
i n c l u d e d  C A B G ,  h e a r t  v a l v e  a n d  
c o m b i n e d  C A B G  a n d  h e a r t  v a l v e  
p r o c e d u r e s .  S B P  t a r g e t  r a n g e s  w e r e  
7 5 - 1 4 5  m m H g  ( p r e - a n d  p o s t -
o p e r a t i v e )  a n d  6 5 - 1 3 5  m m H g  ( i n t r a -
o p e r a t i v e ) .

• O n l y  p a i r w i s e  c o m p a r i s o n s  o f  I V  
a n t i - h y p e r t e n s i v e s  t r e a t m e n t s  h a v e  
b e e n  r e p o r t e d  v s  c l e v i d i p i n e .  
A s s u m p t i o n s  f o r  c l e v i d i p i n e  a r e  
b a s e d  o n  p o o l e d  o u t c o m e s .

• A  n a ï v e  i n d i r e c t  t r e a t m e n t  
c o m p a r i s o n  ( e . g . ,  n o t  a d j u s t i n g  f o r  
d i f f e r e n c e s  i n  p a t i e n t  
c h a r a c t e r i s t i c s )  w a s  i m p l e m e n t e d  
u s i n g  r e l a t i v e  c h a n g e s  i n  o u t c o m e s  
o b s e r v e d  f r o m  t h e  i n d i v i d u a l  
p a i r w i s e  c o m p a r i s o n s  f r o m  t h e  
E C L I P S E  s t u d y,  t o  a p p r o x i m a t e  t h e  
i n d i r e c t  t r e a t m e n t  e f f e c t s  r e l a t i v e  
t o  t h e  p o o l e d  c l e v i d i p i n e  o u t c o m e s .

• O u t c o m e s  t h a t  w e r e  a d j u s t e d  i n  t h i s  
w a y  a r e :  A U C  ≤  1 0  m m  H g * m i n / h ,  
A U C  >  1 0  m m  H g * m i n / h ,  s u r g e r y  
d u r a t i o n ,  i n t u b a t i o n  t i m e ,  I C U  t i m e .

• A v e r a g e  i n f u s i o n  d u r a t i o n  w a s  
i n f o r m e d  b y  p u b l i s h e d  l i t e r a t u r e . 6

Table 2. Clinical inputs

• T h e  a v e r a g e  i n f u s i o n  r a t e  w a s  c a l c u l a t e d  u s i n g  c u s t o m e r  s u r v e y  d a t a 9 a n d  t h e  
p r e s c r i b i n g  i n f o r m a t i o n . 6 - 8  D o s i n g  d e t a i l s  w e r e  i n f o r m e d  b y  t h e  p r e s c r i b i n g  
i n f o r m a t i o n . 7 , 8 ( Ta b l e  3 )
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Figure 1. Model Structure

Table 5. Acquisition Costs

Table 6. Selected Total Hospital Cardiac Surgery Results (All patients)

RESULTS

CONCLUSION

ASSUMPTIONS AND LIMITATIONS

Parameter Mean

OR cost (hour) 3 $1,899

ICU room and board (hour) 3 $111

Post-ICU/regular wardroom and board (hour) 3 $58

Ventilation cost on the second day of CABG 
(hour) 3

$131

Hospital costs AUC ≤10 1 $74,490 

Hospital costs AUC >10 1 $81,912 

Table 4. Hospitalization and HRU Costs

E c o n o m i c  I n p u t s

Agent
Base Year 
(Cohort 1)

Year 1 Year 2
Year 3 

(Cohort 2)

Clevidipine 1.3% 16.0% 30.8% 45.6%

Sodium 
Nitroprusside

4.4% 4.0% 3.5% 3.0%

Nicardipine 94.3% 80.0% 65.7% 51.4%

Total 100% 100% 100% 100%

• I n  t h e  H R U  c o s t s ,  a l l  c a r d i a c  s u r g e r y  
p a t i e n t s  h a d  a  c h a r g e  f o r  m e c h a n i c a l  
v e n t i l a t i o n  o n  d a y  1 ,  c o s t s  f o r  m e c h a n i c a l  
v e n t i l a t i o n  o n  p o s t - o p e r a t i v e  d a y  2  w e r e  
u s e d  t o  c a l c u l a t e d  t h e  i n c r e m e n t a l  c o s t  
o f  m e c h a n i c a l  v e n t i l a t i o n

• W h e r e  n e e d e d ,  a l l  c o s t s  h a v e  b e e n  
a d j u s t e d  t o  2 0 2 2  U S D  u s i n g  M e d i c a l  C a r e  
C o n s u m e r  P r i c e  I n d e x  b a s e d  o n  F e d e r a l  
R e s e r v e  E c o n o m i c  d a t a . 1 0

Table 1. Projected IV Anti-hypertensive drug market share

N o t e :  P e r c e n t a g e s  a r e  r o u n d e d  t o  o n e  d e c i m a l  a n d  m a y  n o t  
a d d  t o  1 0 0 %  a s  s h o w n

Figure 2b.  Intubation duration (Hours)Figure 2a. Surgery duration (Hours)

Figure 2c. ICU, OR, General ward length of stay (Hours) Figure 2d. Total IV anti-hypertensive infusion volume (mL)

Figure 2 : Results per patient

Figure 2e. Total hospital costs ($) Figure 2f. IV anti-hypertensive drug costs ($)

3.40 3.39
3.37 3.36

Base Case Year 1 Year 2 Year 3

7.88 7.75
7.62

7.48

Base Case Year 1 Year 2 Year 3

33.4
33.2

33.0
32.8

Base Case Year 1 Year 2 Year 3

634
556

475
392

Base Case Year 1 Year 2 Year 3

$77,802 
$77,790 

$77,779 
$77,767 

Base Case Year 1 Year 2 Year 3

$223 $216 
$205 

$190 

Base Case Year 1 Year 2 Year 3

• T h e  d r u g  a c q u i s i t i o n  c o s t s  w e r e  i n f o r m e d  b y  w h o l e s a l e  a c q u i s i t i o n  c o s t s  ( WA C )  f r o m  
P r o s p e c t o R x . c o m . 1 1  ( Ta b l e  5 )

U t i l i z a t i o n

• T h e  u t i l i z a t i o n  o f  I V  a n t i - h y p e r t e n s i v e s  w a s  c a l c u l a t e d  b a s e d  o n  a  r e t r o s p e c t i v e  
a n a l y s i s  o f  C V - d r u g  p u r c h a s e  h i s t o r y  a n d  D e f i n i t i v e  H e a l t h c a r e  c l a i m s  f r o m  2 0 2 1 . 1

( Ta b l e  1 ) .

• D i a g n o s i s  R e l a t e d  G r o u p  ( D R G )  c o d e s  w e r e  u s e d  t o  d e f i n e  C V - c l a i m s .  

o M e d i c a r e  S e v e r i t y  D i a g n o s i s  R e l a t e d  G r o u p s  ( M S - D R G s )  i n c l u d e d :  2 1 6 ,  2 1 7 ,  2 1 8 ,  
2 1 9 , 2 2 0 ,  2 2 1 ,  2 3 1 ,  2 3 2 ,  2 3 3 ,  2 3 4 , 2 3 5 ,  2 3 6 ,  2 6 6 ,  2 6 7 , 3 1 9 ,  a n d  3 2 0 .

o H o s p i t a l s  a b o v e  2 0 4  c a r d i o v a s c u l a r  c l a i m s  ( m e d i a n )  w e r e  i n c l u d e d  i n  t h e  I V  a n t i -
h y p e r t e n s i v e  u t i l i z a t i o n  a n a l y s i s .

o L o w  ( c o h o r t  1 )  a n d  h i g h ( c o h o r t  2 )  c l e v i d i p i n e  a d o p t e r  p r o f i l e s  w e r e  f o r m e d  
c a l c u l a t i n g  t h e  a v e r a g e  u t i l i z a t i o n  f o r  c l e v i d i p i n e ,  s o d i u m  n i t r o p r u s s i d e  a n d  
n i c a r d i p i n e .

▪ C o h o r t  1  r e p r e s e n t s  t h e  l o w  a d o p t e r  p r o f i l e  w i t h  < 1 0 %  c l e v i d i p i n e  u t i l i z a t i o n .

▪ C o h o r t  2  r e p r e s e n t s  t h e  h i g h  a d o p t e r  p r o f i l e  w i t h  ≥ 1 0 %  c l e v i d i p i n e  u t i l i z a t i o n .

A r e a  U n d e r  t h e  C u r v e  ( A U C ) ;  I n t e n s i v e  C a r e  U n i t  ( I C U )
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• T h e  c o s t  d a t a  i s  b a s e d  o n  t h e  E C L I P S E  a n a l y s i s  f o r  t h e  w e i g h t e d  a v e r a g e  f o r  C A B G ,  
h e a r t  v a l v e  a n d  c o m b i n e d  C A B G  a n d  h e a r t  v a l v e  p r o c e d u r e s . 2

• T h e  t o t a l  m e a n  h o s p i t a l  c o s t s  b y  A U C  f o r  c a r d i a c  s u r g e r y  a n d  t h e  H R U  c o s t s  w e r e  
b a s e d  o n  p u b l i s h e d  l i t e r a t u r e .  ( Ta b l e  4 )  

• F o r  t h e  h o s p i t a l  c o s t s  t h e  m o d e l  u s e s  t h e  e s t i m a t e  f o r  a l l  s u r g e r i e s  a s  t h e  t o t a l  
h o s p i t a l  c o s t s  a n d  i t  w a s  d e f i n e d  a s  t h e  s u m  o f  t h e  c o s t  o f  t h e  i n i t i a l  
h o s p i t a l i z a t i o n  a n d  a n y  h o s p i t a l  c o s t s  i n c u r r e d  p o s t - d i s c h a r g e  d u e  t o  c o m p l i c a t i o n s  
w i t h i n  t h e  3 0  d a y s  f o l l o w i n g  i n i t i a l  d r u g  a d m i n i s t r a t i o n . 2

Cardiac surgery

Intervention

Clevidipine

Nicardipine

Nitroprusside

C
lin

ic
al

• AUC 
• Surgery duration
• Time to extubation
• ICU stay
• Post operation stay

• Overall infusion 
duration

• Total infusion volume

Ec
o

n
o

m
ic • Cost of drugs

• Intubation costs
• ICU cost
• Hospitalization cost

https://fred.stlouisfed.org/series/CPIAUCSL

