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Cost Analysis of Therapeutic Interchange of Calcium 

Channel Blockers for the Treatment 'of Hypertension: 

Unexpected Results from a Conversion Program 

OBJECTIVE: To examine drug expenses 

and overall health care resource utiliza- 

tion associated with a calcium channel 

blocker therapeutic interchange and 

conversion program. 

DESIGN: A pre/post analysis involving a 

retrospective cohort study design and 

primarily using administrative databas- 

es was done. The study was conducted 

from an institutional perspective using 

hospital-specific drug acquisition costs 

in 1997 dollars. 

SETTING: Veterans Administration 

Hospital, Saginaw, Michigan. 

PATIENTS: One hundred and one 

patients receiving extended-release 
nifedipine (Procardia XL) were convert- 

ed to either amlodipine (Norvasc) or 

felodipine (Plendil) through the institu- 

tion's conversion program. 

MAIN OUTCOME MEASURES: Change in 

total drug cost, secondary health 

resource utilization, study drug costs, 

cardiovascular drug costs, noncardio- 

vascular drug costs, change in severity 

of hypertension. 

RESULTS: Unexpectedly, the total cost 

of drug therapy was significantly high- 

er during the nine-month postconver- 

sion period relative to the nine-month 

preconversion period (p<0.001). 

Neither the total number of clinic visits 

nor the number of hospitalizations (car- 

diovascular or noncardiovascular) dif- 

fered significantly between the precon- 

version and postconversion periods. No 

significant differences in the grade of 

hypertension was observed from the 

preconversion period to the postcon- 

version period, although there were 
statistically significant drops in both 

systolic (mean reduction of 7.5 mm Hg; 

p<0.001) and diastolic blood pressures 

(mean reduction of 5.6 mm Hg; p< 
0.001). 

CONCLUSIONS: The increased drug 

expenses and significant change in 

blood pressure appear to have been 

due to an increased number of pre- 
scriptions filled in the postconversion 

period relative to the preconversion 

period. Further study is warranted to 

determine whether this unexpected 

finding was due to a pharmacological 

factor such as improved tolerability of 

the medications or to an effect of the 

process of conversion itself. 
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Christina]. Reisig, and James G. Stevenson 

APproximately 50 million adult Americans have hyper- 
tension, and approximately three-fourths of these per- 

sons are not controlling their blood pressure to below 

140/90 mm Hg as recommended by the Sixth Report of the 

Joint National Committee on the Prevention, Detection, , 

Evaluation, and Treatment of High Blood Pressure UNC-6).1,2 

When considering pharmacologic therapy, the optimal formu- 
lation should provide 24-hour efficacy with a once-daily dose. 

Such long-acting formulations are preferred over short-acting 

agents for many reasons: 
· Adherence is better with once-daily dosing. 
. For some agents, fewer tablets mean lower costs. 
. Control of hypertension is persistent and smooth. 
. Protection is provided against risk of sudden death, heart 

attack, and stroke caused by the abrupt increase of blood 

pressure after one rises from overnight sleep.' 

Long-acting calcium channel blocking agents such as 

extended release nifedipine (Procardia XL), amlodipine 

(Norvasc), and felodipine (Plendil) belong to the dihydropyri- 
dine family and are regarded as effective second-line agents for 

the treatment of hypertension."4 Because of the demands of the 

health care environment, cost of therapy must be considered 

when selecting between similar agents. Studies have been con- 

ducted to assess the feasibility of converting patients from the 

more-expensive extended-release nifedipine to the less-expen- 

sive and perhaps equally effective felodipine or amlodipine.5-7 

Given these positive findings, hospitals have used this strategy 

in attempts to lower costs. A cost-minimization approach to such 

initiatives is typically sufficient when assessing drugs of the same 

class, although questions commonly arise concerning whether the 

changes in drug therapy associated with a therapeutic interchange 

program result in other changes in health care resource utilization. 

Clinic visits and hospitalizations, among other factors, should be 

considered in addition to drug costs in assessing the true overall 

impact. 

We conducted a retrospective cohort study using an admin- 

istrative database to assess the health resource utilization impli- 

cations of a formulary switch program at a Veterans Administra- 

tion (VA) hospital that mandated conversion from extended- 

release nifedipine (Procardia XL) to either amlodipine (Norvasc) 

or felodipine (Plendil). We speculated that a cost-minimization 
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analysis examining total drug costs would be sufficient because 

no significant differences in outcomes with respect to clinic vis- 
its or hospitalizations as a result of the conversion program were 
expected. 

_ Methods 

Study Design 

A pre/post analysis involving a retrospective cohort study 
design and primarily using the administrative databases of the 
VA hospital in Saginaw, Michigan, was conducted to assess the 

resource utilization implications of a calcium channel blocker 
therapeutic interchange program. The study was conducted 
through an institutional perspective and hospital-specific drug 

acquisition costs in 1997 dollars were used. While 1997 dollars 

were used for standardization, actual costs of the study drugs 

varied by less than 3% from these values during the study peri- 
od. The Saginaw VA Hospital is a 250-bed hospital with associ- 

ated ambulatory clinics primarily serving veterans. 
All patients at the Saginaw VA Hospital receiving extended- 

release nifedipine (Procardia XL) were converted to either 
amlodipine (Norvasc) or felodipine (Plendil) from September 
1994 through February 1995. The study drugs were defined as 

extended-release nifedipine, amlodipine, and felodipine. The 

conversion date was defined as the first record of a filled pre- 
scription for either amlodipine or felodipine. Patients eligible 

for study inclusion were defined as al1 patients continuously 
serviced by the VA Hospital with at least nine months of com- 
plete data prior to and also following the conversion date with 

respect to drug utilization, clinic visits, and hospitalizations, 
and a documented diagnosis of hypertension by International 
Classification of Diseases, 9th Revision (lCD-9), code. All eligible 

patients must have also been receiving Procardia XL throughout 

the analysis period prior to the conversion date. 

One hundred and one patients were identified from the 

database. Patient charts were reviewed for blood pressure read- 
ings during the most recent clinic visit prior to the conversion 
date and also the final clinic visit following the conversion date 

but prior to the end of the study period. If more than one blood 

pressure reading was recorded, an average of the readings avail- 
able was calculated. The patients were assigned classifications of 
hypertension according to ]NC-6. 

The primary economic endpoint of interest was the change in 

total drug cost. Secondary health resource utilization endpoints 

to justify a cost-minimization approach were the number of clin- 
ic visits, emergency room visits, and hospitalizations during the 

pre- and post-conversion periods. Secondary economic end- 
points of interest were the study drug costs, cardiovascular drug 

costs, and noncardiovascular drug costs during the pre- and post- 

conversion periods. Cardiovascular drugs were defined as those 

drugs belonging to any of the following drug classes: (1) 

1.1r.':1:~.=-. Patient Demographics 

Sample size 

Median age (interquartile range) 

Gender, number of males 

Race' (%) 

White 

African American 

Other 

Hypertension grade 
1 

2 

3 

101 

68 (128) 

100 

81 

14 

5 

58 
33 

10 

'Race distribution was based on data available for 42 patients. 

vasodilators, (2) angiotensin-converting enzyme (ACE) 

inhibitors, (3) alpha2-agonists, (4) alphaJ-antagonists, (5) other 

calcium channel blockers, (6) diuretics, and (7) beta-blockers. 

The primary clinical endpoint of interest was the change in the 
severity of hypertension as defined by classification of hyper- 
tension according to ]NC-6. Changes in systolic and diastolic 

blood pressure were also assessed from the pre- to post-conver- 
sion periods. 

Patient Demographics 

The patient population consisted of a total sample size of 101 

predominantly male patients. The median age of the population 

was 68 years; the majority of patients were white and were clas- 

sified as having grade 1 or grade 2 hypertension (see Table 1, 

above). 

Statistical Analysis 

The paired sample t-test was used to test for significant differ- 

ences in continuous variables between the pre- and post-con- 
version periods. McNemar's test was used to test for differences 

in discrete variables. To contrast resource utilization between 
patients of differing grades of hypertension, differences were 
assessed using one-way analysis of variance. Tukey's honestly 

significant difference test was selected as the post-hoc test to 

contrast these differences between the groups. 

_ Results 

Study Drug Characteristics 

During the preconversion period, the median prescribed daily 

dose of extended-release nifedipine was 60 mg (interquartile 

range [IQR]=30; see Table 2, page 392). Twenty-nine percent of 

patients were converted exclusively to amlodipine and 62% of 

patients were converted exclusively to felodipine during the 

post-conversion period (Table 2). Among patients receiving 
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I""~"':~III~'" Study Drug Characteristics 

Study Drug Acquisition Cost 

Nifedipine 

30 mg 
60 mg 
90 mg 

$0.634 

1135 
1.365 

Amlodipine 

2.5 mg 
5 mg 

10 mg 

$0633 

0.621 

1135 

Felodipine 

2.5 mg $0.48 
5 mg 0.48 

10 mg 0.48 

Patients Receiving Dose of Extended-Release Nifedipine 
throughout Preconversion Period 

30 mg 
60 mg 
90 mg 
120 mg 

Mixture 

36 
34 
19 

1 

11 

Study Drug Conversion of Patients throughout Post- 

Conversion Period 

To amlodipine, n = 29' 

2.5 mg 
5 mg 

10 mg 
Multiple 

To felodipine, n = 63' 

2.5 mg 
5 mg 

10 mg 
15 mg 

Multiple 

1 

11 

10 

7 

o 

19 

29 
3 

12 

'Nine patients were tried on sequential combinations of amlodipine and 

felodipîne. 

exclusively amlodipine or felodipine during the post-conver- 

sion period, the median daily doses were the same (median= 10 

mg, IQR=5). The proportion of subjects receiving once-daily 

dosing using one tablet per administration was significantly 

lower during the post-conversion period (95% vs. 83%, 
p<O.Ol). 

Primary Economic and Health Resource Utilization Endpoints 

The total cost of drug therapy rose by an average of approxi- 
mately $176 per patient during the nine-month post-conver- 

sion period relative to the nine-month preconversion period 

(see Table 3, page 393; p<O.OOl). The total number of clinic vis- 

its, emergency room visits, and hospitalizations was not signifi- 

cantly different between the two study periods (Table 3). 

Primary Clinical Endpoints 

No significant differences were noted in the classification of 

hypertension among patients from the pre- to the post-conver- 

sion period (p=0.734). There were, however, statistically signifi- 

cant drops in both systolic and diastolic blood pressures. Systolic 

blood pressure dropped from a mean of 157.03 mm Hg 

(SD=15.59) in the preconversion period to 149.52 mm Hg 

(SD=17.58) in the post-conversion period, for an average reduc- 

tion of7.5 mm Hg (SD=1.99; p<O.OOl). Similarly, diastolic blood 

pressure dropped from a mean of 86.92 mm Hg (SD=1O.53) to 

81.32 mm Hg (SD=5.60), for an average reduction of 5.6 mm Hg 

(SD=1.46; p<O.OOl). 

When assessing the differences between the groups with 

regard to classification of hypertension, significant reduction in 

systolic blood pressure was greater for grades 2 and 3 patients 

relative to grade 1 patients (mean differences of 15.55 mm Hg 

and 23.77 mm Hg for grades 2 and 3, respectively; p values are 

<0.001 and 0.001, respectively). 

Secondary Economic Endpoints 

The study drug cost rose significantly during the post-conversion 

period relative to the preconversion period, by an average of 

approximately $45 per patient (p<O.OOl; see Table 4, page 393). 

This was consistent with a significant rise of 1.38 prescriptions 

per patient during the post-conversion period relative to the pre- 

conversion period (p<O.OOl; Table 4) and a modest yet significant 

rise in the number of prescribing physicians per patient. 
A nonsignificant increase in the number of patients receiv- 

ing cardiovascular medications from 58 in the preconversion 
period to 64 in the post-conversion period was observed 

(p=0.180). Cost of cardiovascular drug therapy, however, rose 

significantly by an average of approximately $50 per patient in 

the cohort (p=0.002; Table 4) as did the average number of pre- 

scriptions per patient for these medications (average increase of 

3.4 prescriptions; p<O.OOl; Table 4). 
The number of patients receiving other medications 

increased significantly from 93 in the preconversion period to 

99 in the post-conversion period (p=0.03l). The cost of other 

drug therapy also rose significantly, by an average of approxi- 
mately $98 per patient during the same period (p<O.OOl; Table 

4). The average number of other drug prescriptions per patient 

rose by 5.9 (p<O.OOl; Table 4). 

_ Discussion 

In organized health care systems, formularies are widely used to 

improve the quality of drug therapy and control costs. 

Frequently, when there are several similar agents in a therapeu- 
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~1r~":!III~. Primary Economic and Health Care Resource Utilization Endpoints 

Preconversion Post-conversion p value 

Total drug utilization 
Mean cost/patient (SO) $323.68 (215.83) $499.42 (332.73) 
Mean difference/patient $175.74 (280.66) <0.001 
Mean number of prescriptions/patient (SO) 11.24 (14.75) 20.70 (26.09) 

Clinic visits 

Mean number of visits (SO) 13.3 (10.3) 14.1 (11.3) 
Mean difference 0.82 (10.89) 0.450 

Emergency room visits 
Mean number of visits (SO) 0.72 (2.35) 0.24 (0.80) 
Mean difference - 0.49 (2.45) 0.051 
Patients requiring emergency visits 13 9 0.481 

Hospitalizations 
Mean number of hospitalizations (SO) 0.22 (061) 0.21 (055) 
Mean difference 

- 0.01 (059) 0.870 
Patients requiring hospitalizations 14 15 1. 000 

~1f..1:JIII~. Secondary Economic Endpoints 

Preconversion Post-conversion p value 
Study drug 

Mean cost/patient (SO) $174.39 (95.33) $219.46 (126.26) 0.001 
Mean difference $45.07 (13836) 
Tablets/patient (SO) 180.34 (88.66) 370.21 (214.50) 
Mean difference 189.86 (22530) <0.00] 
Number of prescriptions per patient (SO) 1.9 (172) 3.28 (1.69) 
Mean difference 1.38 <0.001 

Cardiovascular drugs 
Mean cost/patient (SO) $4063 (7488) $90.65 (137.35) 
Mean difference $50.02 (127.22) 0.002 
Number of prescriptions/patient (SO) 2.82 (4.05) 6.24 (10.09) 
Mean difference 3.41 (7.00) <0.001 

Other drugs 
Mean cost/patient (SO) $124.40 (154.00) $222.66 (228.42) 
Mean difference $98.27 (186.63) <0.001 
Number of prescriptions/patient (SO) 7.59 (10.34) 13.48(17.15) 
Mean difference 5.90 (10.27) <0.001 

Prescribing physicians 

Mean number of prescribing physicians (SO) 2.06 (129) 256 (137) 
Mean difference 0.50 (1.60) 0.002 

lie class, a system will select one or two agents as the preferred 
drugs for most patients. The selection of these preferred agents 
is frequently made in favor of those presumed to result in the 

lowest daily drug costs. Typically this is done by estimating the 

equivalent doses that will be required to produce the same ther- 
apeutic effect and calculating the daily costs of these agents. In 
most cases it is assumed that other health care costs will remain 

unchanged. However, some have questioned whether savings in 
drug costs may be offset by other costs that may be associated 

with the conversion process. These might include increased 
clinic visits, hospitalizations, or emergency room visits to have 
dosages retitrated, or exposing patients to new agents that 
might produce unwanted effects. 

This phenomenon was studied in the Saginaw VA hospital, 
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which had attempted to reduce drug costs by changing the pre- 

ferred extended-release calcium channel blocking agent from 
nifedipine (Procardia XL) to amlodipine or felodipine. The pre- 

sumed daily costs of the latter two agents were less than nifedip- 

ine and they were presumed to result in similar therapeutic 

effects in the management of hypertension. 

Despite the fact that at projected doses it was anticipated 

that study drug costs would be reduced post-conversion, the 

costs were actually $45/patient greater after converting to 

amlodipine or felodipine. One explanation for this result could 

be that larger than projected doses of amlodipine or felodipine 

were necessary to produce blood pressure control. The dosing 

schedule and number of tablets per administration will 
undoubtedly affect costs given the separate costs/tablet. Using 

fewer tablets and daily administration times leads to lower 

costs. The proportion of subjects receiving once-daily dosing 

using one tablet per administration was significantly lower dur- 
ing the post-conversion period. 

A greater factor in the increased study drug costs is the fact 

that patients received 1.38 more prescriptions in the post-con- 

version period compared with the preconversion period. The 

precise reason for this difference cannot be explained by the ret- 

rospective methods employed in this study. It is possible that 

patients and physicians were more conscientious about moni- 

toring of hypertension following the conversion simply because 

there was a change in the therapy. 

The cost of other cardiovascular drug therapy also increased 

by approximately $50/patient during the post-conversion peri- 

od, as did the mean number of prescriptions, by 3.4. Again, it 

is difficult to sufficiently explain why this increase was observed 

given the problems associated with conducting extensive sub- 

analyses on such limited data. 

The cost of other drugs (noncardiovascular) increased in the 

post-conversion period by $98 and the number of prescriptions 

increased by 5.9 per patient. Furthermore, the total drug thera- 

py costs were greater in the nine-month post-conversion period 

by $176 per patient. Again, we speculate that these differences 

may be explained by a form of Hawthorne effect resulting from 
a change in the drug regimen. 

Interestingly, both systolic and diastolic blood pressure were 
significantly lower in the post-conversion period. Systolic blood 

pressure dropped by 7.5 mm Hg and diastolic by 5.6 mm Hg. 

However, there were no significant changes in the classification 

of hypertension among the cohort of patients between the pre- 

conversion and postconversion periods. 

Since other studies have demonstrated that the agents 

involved in the conversion have similar effects on blood pres- 

sure, this gives credence to the hypothesis that the actual process 

of conversion led to increased monitoring and adherence to the 

drug regimen. The effects of extraneous factors on blood pres- 

sure, such as the nonsignificant increase in other cardiovascular 

medication use in the postconversion period, are largely 

unknown and may have contributed to our òbservations. 

No significant differences were noted in clinic visits, emer- 

gency room visits, or hospitalizations between the preconver- 

sion and post-conversion periods. Therefore, there were no 

"hidden" costs of conversion due to increased health care uti- 

lization related to retitration or adverse events, and a cost-min- 

imization analysis examining only total drug costs was justified. 

_ Conclusion 

This study demonstrated that patients may be safely converted 

from extended-release nifedipine to amlodipine or felodipine. 

Blood pressure reductions were greater post-conversion in this 

group of patients, although it is uncertain whether these reduc- 

tions would be sustained in the long term. In addition to the unex- 

pected greater reduction in blood pressure post-conversion, there 

were also greater costs associated with study medications, other 

cardiovascular medications, and other noncardiovascular medica- 

tions. The increased costs were primarily attributable to a greater 

number of prescriptions for these agents being filled post-conver- 

sion. 

Other clinical studies have not demonstrated differences in 

blood pressure reduction or control between these agents at equiv- 

alent doses.s This suggests that the process of conversion itself may 

have resulted in a form of Hawthorne effect, in which the change 

in drug therapy itself resuhed in improved monitoring and patient 

adherence with the new regimen. Only a longer-term analysis 

would answer the question of whether this reduction in blood 

pressure and increase in compliance would be sustained. 
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