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Cost-Effectiveness of Impedance 
Cardiography Testing in Uncontrolled 
Hypertension
Carlos M. Ferrario, MD; Ronald D. Smith, MD; for the CONTROL Trial Investigators

To evaluate the short- and long-term cost-effectiveness of impedance cardiography (ICG) testing in uncontrolled hypertensives, we 
analyzed the Consideration of Noninvasive Hemodynamic Monitoring to Target Reduction of Blood Pressure Levels (CONTROL) 
trial results that compared the blood pressure–lowering effects of standard vs ICG care. Short-term cost-effectiveness was evalu-
ated as the incremental cost per incremental mm Hg reduced during the trial. Long-term cost-effectiveness was evaluated as incre-
mental cost per quality-adjusted life-year gained over 10 years. ICG care short-term cost-effectiveness was $20 per incremental 
mm Hg reduced for systolic blood pressure (vs standard care, $36 per mm Hg reduced) and $23 per incremental mm Hg reduced 
for diastolic blood pressure (vs standard care, $79 per mm Hg reduced). In the long term, ICG resulted in a $476 cost savings 
and 0.109 quality-adjusted life-years gained per patient (–$4371 per quality-adjusted life-year gained, sensitivity analysis –$8764 
to $13,163). The use of ICG testing to reduce blood pressure in uncontrolled hypertensive patients is cost-effective from both a 
short- and long-term perspective.  ©2006 Le Jacq
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Hypertension affects 65 million people in the 
United States1 and significantly increases 
the risk of stroke, ischemic heart disease 

(IHD), heart failure, and renal disease.2 Successful 
treatment of high blood pressure (BP) remains low, 
with only 31% of all hypertensives and 54% of those 
actively treated and taking medications achieving 
BP <140/90 mm Hg.3

Mean BP rises as a result of abnormal hemo-
dynamics that include elevated systemic vascular 
resistance (SVR) and/or cardiac output (CO).4 While 
vasoconstriction is the dominant cause of high 
BP, there is wide variation in SVR and CO within 
patient groups.5 Antihypertensive agents lower BP 
by reducing SVR and/or CO but may affect patients 
differently depending on underlying hemodynam-
ics.6 Hemodynamic parameters cannot be accu-
rately assessed by physical examination,7 but non-
invasive impedance cardiography (ICG) testing pro-
vides easy-to-acquire hemodynamic measurements.8 
ICG-guided treatment was previously shown to 

improve BP control in resistant hypertension treat-
ed by specialists.9 In the follow-up Consideration of 
Noninvasive Hemodynamic Monitoring to Target 
Reduction of BP Levels (CONTROL) trial,10 ICG 
testing resulted in even greater BP reduction and 
control rates in nonresistant hypertension treated 
by generalists.

The annual cost of treating hypertension in the 
United States is over $63 billion, with $23 billion 
attributed to direct patient care and $24 billion to 
drugs costs.11 Analysis of health care costs is not 
new,12 but its importance has grown in recent years. 
Cost-effectiveness analysis is generally defined as a 
quantitative comparison of the economic costs and 
clinical benefits of medical therapies and technolo-
gies.13 To evaluate whether to accept or reject a new 
approach, an incremental cost-effectiveness ratio 
(ICER) is calculated, where the difference in cost (C) 
is compared with the difference in effectiveness (E): 

ICER = Cincremental / Eincremental, where Cincremental is 
Cnew – Cstandard and Eincremental is Enew – Estandard. 
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This calculation creates the 4 quadrants shown in 
Figure 1.14,15 New approaches should be accepted if 
they are less costly and more effective (quadrant I). 
If they are more costly and more effective (quadrant 
III), they should be evaluated vs a maximum will-
ingness to pay16 (shown as the ICER threshold).

Since BP reduction is a commonly accepted sur-
rogate end point, the incremental cost per mm Hg 

reduced has been used to evaluate short-term phar-
macologic cost-effectiveness.17,18 Long-term cost 
effectiveness is often evaluated as the cost per qual-
ity-adjusted life-year (QALY) gained.19 The cost per 
QALY gained allows evaluation of both quality and 
quantity of life simultaneously. The QALY takes into 
account that a year of life after stroke does not have 
the same quality as full health and that a year of life 
gained immediately is preferable to one in 20 years.

Based on the clinical results of the CONTROL 
trial, we sought to evaluate both the short- and long-
term cost-effectiveness of ICG testing in uncon-
trolled hypertension (Figure 2).

Methods
CONTROL Trial Design. In the CONTROL trial, 
164 patients from 11 primary care centers were 
evaluated. Patients aged 18–75 years (mean, 55 
years) were eligible if they had a previous diagnosis 
of essential hypertension and were currently receiv-
ing 1–3 antihypertensive medications (mean, 1.7) 
with a systolic BP of 140–179 mm Hg (mean, 148 
mm Hg) and/or diastolic BP of 90–109 mm Hg 
(mean, 88 mm Hg). Patients underwent a 2-week 
washout period during which all antihypertensive 
medications were discontinued. After the washout, 
eligible patients were randomized in a 3:2 ratio to a 
standard (n=95) or ICG (n=69) arm. After washout 
and over the next 3 months, each patient had a total 
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Figure 1. Cost and effectiveness of a new clinical approach can be 
evaluated vs a standard approach, resulting in 4 quadrants that help 
determine whether to accept or reject the new approach.
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Figure 2. Calculation of short- and long-term cost-effectiveness ratios with impedance cardiography (ICG) to reduce blood pressure in 
uncontrolled hypertension.
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of 4 office visits. Physician investigators prescribed 
medications consistent with published guidelines, 
usual practice patterns, and patient clinical char-
acteristics. ICG data were collected in both arms 
of the study but available only in the ICG arm. In 
the ICG arm, treating physicians used the BioZ 
ICG monitor (CardioDynamics, San Diego, CA) to 
guide therapeutic decisions. If BP was high due to 
high SVR, investigators were encouraged to inten-
sify vasodilating agents (ie, angiotensin-converting 
enzyme inhibitor, angiotensin II receptor blocker, 
or calcium channel blocker). If BP was high due to 
high CO, investigators were encouraged to intensify 
β-blocker use. If CO was low or normal, investi-
gators were to consider reducing β-blocker use. 
Diuretic effectiveness was monitored by measuring 
the response in thoracic fluid content.

CONTROL Trial Results. Of those enrolled in the 
study, 54% were men, 78% were white, 47% had iso-
lated systolic hypertension, 4% had type II diabetes 
mellitus, 4% had IHD, and 16% had hyperlipidemia. 
There were no differences between arms in the num-
ber of antihypertensive medications; patient demo-
graphics; or clinical, BP, or ICG variables at baseline 
or post-washout. Systolic BP reductions were 8 mm 
Hg greater in the ICG vs the standard arm (19±17 
mm Hg vs 11±18 mm Hg; P<.01) and diastolic BP 
reductions were 7 mm Hg greater (12±11 mm Hg 
vs 5±12 mm Hg; P<.001). Final BP was lower in the 
ICG arm (129/76±14/11 mm Hg vs 136/82±15/10 
mm Hg; P<.01). Goal BP (<140/90 mm Hg) was 
achieved more frequently in the ICG arm (77% vs 
57%; P<.01) as was more aggressive BP reduction 
(<130/85 mm Hg) (55% vs 27%; P<.0001). SVR 
index was lower at the final visit in the ICG arm 
(2523±581 vs 2714±619 dyne•sec•m2•cm–5; P<.05) 
and decreased more from baseline (–433±660 vs 
–219±667 dyne•sec•m2•cm–5; P<.05).

The ICG arm maintained superiority in 3 key 
subgroups: (1) patients who were older, (2) patients 
on thiazide diuretics, and (3) patients with isolated 
systolic hypertension. The final number of medi-
cations was not statistically different between the 
ICG and standard arms (2.1 vs 2.0; P>.05). The 
medication differences in the ICG arm included: 
(1) greater final angiotensin II receptor blocker 
use (47% vs 31%; P<.05), (2) lower final doses of 
thiazide diuretics (13.0±2.6 mg/d vs 18.9±8.3 mg/d; 
P<.012), (3) more vasodilating drug use when SVR 
was high (78% vs 67%; P<.05), (4) more avoid-
ance of β-blockers or β-blocker dose reduction 
when CO was low or normal (85% vs 77%; P<.05), 

and (5) fewer dose increases (3.0±1.2 vs 3.6±1.3; 
P<.001) and decreases (1.7±1.0 vs 2.7±1.3; P<.001) 
throughout the trial.

Short-Term Cost-Effectiveness.  Short-Term Outcome 
Measures. The total cost per mm Hg reduced for 
systolic and diastolic BP was calculated by dividing 
the total cost in each arm by each arm’s reduction in 
systolic and diastolic BP in mm Hg from baseline to 
final (ICG care, 19/12 mm Hg; standard care, 11/5 
mm Hg). The incremental cost per incremental 
mm Hg reduced for the ICG arm was calculated by 
dividing the incremental cost in the ICG arm by the 
incremental systolic and diastolic BP reduction in 
the ICG arm during the trial (8 mm Hg systolic and 
7 mm Hg diastolic).

Short-Term Costs. Costs in both arms included 4 
office visits: 3 in which medications were prescribed 
and 1 for final BP measurement and clinical exami-
nation. ICG arm costs included the 3 ICG tests that 
were used to aid therapeutic decisions. Costs for 
office visits and ICG tests were taken from current 
procedural terminology (CPT) amounts in the 2006 
Centers for Medicare & Medicaid Services (CMS) 
Fee Schedule.20 Our base case used estimates of $44 
per ICG test (CPT 93701) and $68 per clinic visit 
(average of CPT 99213 and CPT 99214). The CPT 
code amounts for office visits and ICG tests take into 
account all costs for the patient encounter, including 
physician and technician time, ICG device and dis-
posable cost, overhead, and malpractice. Drug costs 
were estimated by taking the percentage of patients 
in each class of medication at the final CONTROL 
visit and the price21 of generic brands of drug within 
each class (except for angiotensin II receptor block-
ers and dihydropyridine calcium channel blockers, 
which were available only as commercial brands) at 
their median available dose (Table I).

Short-Term Sensitivity Analysis. Cost-sensitivity anal-
ysis was performed by calculating the hypothetical 
ICG test cost that would equate to a higher cost per 
mm Hg reduced for ICG than for standard care for 
both systolic and diastolic BP. Effectiveness sensitiv-
ity analysis was performed by calculating the mini-
mum mm Hg reduced for both systolic and diastolic 
BP in which ICG would result in higher cost per mm 
Hg reduced.

Long-Term Cost-Effectiveness. Long-Term Outcome 
Measures. The incremental cost per QALY gained 
was calculated as the 10-year difference in costs 
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divided by the 10-year difference in QALYs between 
arms. The number of patients that would need to be 
treated with ICG to save 1 year of life was calculated 
by dividing 1 year by the incremental QALYs gained 
per patient with ICG.

Long-Term QALY and Cost Modeling. Cost-effective-
ness analyses in hypertension often extrapolate the 
BP-lowering advantages at the end of a trial over a 
lifetime.22–24 We used a Markov model to extrapo-
late the 10-year effects of the incremental BP reduc-
tion achieved in the CONTROL trial into one of 4 
states: (1) actively treated hypertension, (2) stroke 
event, (3) IHD event, and (4) other cardiovascular/
vascular disease event (which included heart failure, 
hypertensive heart disease, aortic aneurysm, athero-
sclerosis, and sudden death). Each disease transi-
tion was assumed to occur at a single point after 5 
years. We used a spreadsheet program (Excel 2003; 
Microsoft, Redmond, WA) to simulate clinical out-
comes and costs for each transition state. Clinical 
outcomes were converted to expected quality and 
quantity of life through QALYs. Event-related costs 
and expected hypertension management costs were 
included. All QALYs and costs were discounted at a 
standard 3% annual rate.25 The probability-adjusted 

costs and QALYs for each arm were calculated by 
multiplying the QALY and cost for each transition 
state by its transition probability. All model inputs 
are shown in Table II.

Long-Term Absolute Risk. We used the 10-year stroke, 
IHD, and other cardiovascular disease mortality 
rate from a meta-analysis of 1 million subjects,26 
which showed linear reductions in mortality risk for 
both systolic and diastolic BP as low as 115/75 mm 
Hg. To estimate absolute 10-year mortality risk, we 
used the average mortality event rate for both men 
and women at the average final systolic BP achieved 
in the standard arm of the CONTROL trial, 136 
mm Hg. The 10-year mortality risk was based on 
the average of the 50–59 and 60–69 years of age cat-
egories because, at the mean age of 55 years in the 
CONTROL trial, a patient would be subjected to 5 
years of follow-up in both categories. We estimated 
the expected 10-year event rates by dividing the 10-
year mortality rate by known event-survival rates.27

Long-Term Risk Reduction. In the end of the 
CONTROL trial, the ICG arm achieved an incre-
mental BP lowering of 8 mm Hg systolic and 7 mm 
Hg diastolic BP. In one pharmacologic trial of more 

Table I. Estimated 3-Month and Annual Drug Costs* per Patient for Standard and Impedance Cardiography (ICG) Arms
Standard Arm ICG Arm

Drug Class
Reference 

Drug

Dose 
per 
Day, 
mg

Annual 
Cost 
per 

Drug, 


Drug 
Utilization, 



-
Month 

Cost per 
Patient, 



Annualized 
Cost per 
Patient, 

Drug 
Utilization, 



-Month 
Cost per 
Patient, 



Annualized 
Cost per 
Patient, 

α-Blocker Doxazosin 
mesylate

2 171.90 1.0 0.43 1.72 1.4 0.60 2.41

Angiotensin-converting 
enzyme inhibitor

Lisinopril 20 131.86 53.7 17.70 70.81 49.3 16.25 65.01

Angiotensin II receptor 
blocker

Valsartan 160 631.88 30.5 48.18 192.72 46.4 73.30 293.19

β-Blocker Atenolol 50 33.98 19.0 1.61 6.46 8.7 0.74 2.96
Calcium channel 

blocker, 
dihydropyridine

Amlodipine 5 531.86 37.9 50.39 201.57 40.6 53.98 215.94

Calcium channel 
blocker, 
nondihydropyridine

Verapamil 240 34.60 6.3 0.54 2.18 10.1 0.87 3.49

Central-acting agent Clonidine 0.2 48.78 0.0 0.00 0.00 1.4 0.17 0.68
Diuretic, thiazide Hydro-

chlorothiazide
25 25.96 33.7 2.19 8.75 34.8 2.26 9.03

Diuretic, loop Furosemide 20 23.60 1.1 0.06 0.26 9.0 0.53 2.12
Diuretic, potassium-

sparing
Triamterene 50 131.86 6.3 2.08 8.31 4.3 1.42 5.67

Estimated cost, $ 123 493 150 601
*Estimates based on prices from www.drugstore.com.21
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than 15,000 patients, the BP-lowering advantage at 
3 months was largely sustained at 66 months.28 To 
equip our base model, we assumed only a 4-mm Hg 
sustained systolic BP advantage over the 10-year 
period, which assumed that 50% of the systolic and 

100% of the diastolic BP advantage achieved with 
ICG would be lost for the full 10-year period. The 
meta-analysis reported that each 2-mm Hg systolic 
BP reduction over a 10-year period would result in 
10% reduction in stroke mortality and 7% reduction 

Table II. Long-Term Cost Utility Model Inputs
Sensitivity Analysis

Variable
Base Case 
Estimate

Estimate Not Favoring Cost- 
Effectiveness of ICG

Estimate Favoring Cost- 
Effectiveness of ICG

Trial morbidity and mortality 0
Combined event and mortality rate, %

Ten-year morbidity and mortality
Event rate, %

Stroke 15.0 11.3 18.8
Ischemic heart disease 30.0 22.5 37.5
Other cardiovascular 8.0 6.0 10.0

Mortality, %
Stroke 4.5 3.4 5.6
Ischemic heart disease 9.0 6.8 11.3
Other cardiovascular 2.4 1.8 3.0

Event mortality rates, %
Stroke 30.0 22.5 37.5
Ischemic heart disease (MI) 30.0 22.5 37.5
Other cardiovascular 30.0 22.5 37.5

Decrease in risk with BP advantage from ICG testing, %
Stroke 20.0 15.0 25.0
Ischemic heart disease (MI) 7.0 5.3 8.8
Other cardiovascular 7.0 5.3 8.8

Utilities
Stroke 0.60
Ischemic heart disease (MI) 0.88
Other cardiovascular 0.84

Trial costs per patient, $
Total costs per standard-arm patient 394
Total costs per ICG-arm patient 554

Ten-year costs per patient, $
Event costs in year of occurrence

Stroke, survive 22,112 
Stroke, die 34,961 
MI, survive 33,724 
MI, die 38,471 
Other cardiovascular, survive 5800 
Other cardiovascular, die 5800 

Annual event management costs
Stroke, survive 4733 
MI, survive 2186 
Other cardiovascular, survive 2186 

Annual drug costs
Standard care 493 616 370 
ICG 601 751 450 

Annual clinic visit costs for hypertension 136
Annual ICG testing costs in ICG arm 44 89 22

ICG indicates impedance cardiography; MI, myocardial infarction.
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in IHD or other cardiovascular disease mortality. 
We assumed that the combined 7% reduction in 
IHD or other cardiovascular disease was evenly 
distributed such that for each 2 mm Hg reduced, 
IHD mortality would be reduced by 3.5% and other 
cardiovascular disease would be reduced by 3.5%. 
Therefore, we estimated that a sustained 4-mm Hg 
systolic BP reduction would yield a 20% reduction 
in stroke mortality, 7% reduction in IHD mortality, 
and 7% reduction in other cardiovascular disease 
mortality. We assumed that the nonfatal stroke, 
IHD, and other cardiovascular event rates would 
be reduced similarly and that event-mortality rates 
would be the same for patients experiencing events 
in both arms.

Long-Term Utilities. QALYs were based on both 
quantity and quality of life for each disease state 
transition, in which each year of life is given a 
specific health index value. We used the following 
health index values: healthy 1.0, death 0.0, nonfa-
tal stroke 0.60,29 myocardial infarction 0.88,30 and 
other cardiovascular events 0.84.31 Using the health 
index of 0.60 for nonfatal stroke as an example, 10 
years of post-stroke life in stroke patients equates to 
6 years of healthy life.

Long-Term Costs. Long-term costs included short-
term costs and estimated costs for morbidity, mortal-
ity, hypertension management, hypertension drugs, 
and ICG tests (Table II). Morbidity and mortality 

costs included the total diagnosis, treatment, and 
management costs during the event year for all 
events, as well as the subsequent annual cost of event-
related management. Costs for stroke and myocardial 
infarction were based on a sample of CMS reimburse-
ments.32 The costs of other cardiovascular events 
were based on the estimated CMS reimbursement 
for a hospital admission of heart failure. Annual costs 
for other cardiovascular events used the same cost 
as myocardial infarction. Clinic visit costs assumed 2 
visits per patient per year in each arm. Although it 
is not clear whether additional ICG testing would be 
required to sustain the BP advantage in the ICG arm, 
we assumed that each ICG-arm patient would receive 
one additional ICG test per year. Annual drug costs 
for hypertension were estimated as described previ-
ously and were not modeled to reduce over time, 
although several branded drugs are expected to soon 
become generic.

Long-Term Sensitivity Analysis. Sensitivity analysis 
was performed for cost per QALY of ICG as a func-
tion of key inputs that were considered simultane-
ously favorable and unfavorable to ICG. Favorable 
estimates compared with the base case included a 
25% higher event and mortality rate, risk reduction 
for the ICG arm based on a sustained 5-mm Hg 
lower systolic BP, 25% higher event-mortality rate, 
25% decrease in annual drug costs for both arms, 
and only 50% of patients (vs 100%) receiving one 
additional ICG test per year. Unfavorable estimates 
compared with the base case included a 25% lower 
event and mortality rate, risk reduction for the ICG 
arm based on a sustained 3-mm Hg lower systolic 
BP, 25% lower event-mortality rate, 25% increase 
in annual drug costs for both arms, and 2 ICG tests 
per patient per year in the ICG arm.

Results
Short-Term Cost-Effectiveness. The 3-month total 
cost for the standard arm was $394 (visits $271, 
drugs $123), equating to a $36 cost per mm Hg 
reduced for systolic BP and a $79 cost per mm Hg 
reduced for diastolic BP. The 3-month total cost 
for the ICG arm was $554 (visits $271, ICG tests 
$133, drugs $150), equating to a $29 cost per mm 
Hg reduced for systolic BP and a $46 cost per mm 
Hg reduced for diastolic BP. Figure 3 illustrates the 
short-term incremental cost per mm Hg reduced 
for ICG of $20 for systolic BP and $23 for diastolic 
BP, 44% lower for diastolic BP and 71% lower for 
systolic BP vs the standard arm cost per mm Hg 
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Figure 3. Standard-arm cost per mm Hg reduced vs impedance cardi-
ography (ICG)-arm incremental cost per mm Hg reduced. BP indicates 
blood pressure.
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reduced. Cost-sensitivity analysis indicated that 
for ICG to cost more per mm Hg reduced than 
the standard arm over the 3-month period, the 
cost for each ICG test performed would have to be 
$89 or more for systolic BP reduction or $178 or 
more for diastolic BP reduction (actual cost $44). 
Clinical sensitivity analysis indicated that for ICG 
to cost more than the standard arm cost per mm 
Hg reduced, ICG would have to result in less than 
a 4.5 mm Hg systolic BP or 2 mm Hg diastolic BP 
advantage (actual, 8/7 mm Hg).

Long-Term Cost Utility. Base Case Analysis. ICG 
resulted in a cost savings of $476 per patient 
($22,003 ICG, $22,479 standard) and 0.109 incre-
mental QALYs (7.964 ICG, 7.855 standard), equat-
ing to –$4371 per QALY gained. The base model 

with discounted and probability-adjusted QALYs 
and costs is shown in Figure 4. Based on 0.109 
QALYs gained, 1 year of life would be saved for 
each 9.2 patients managed with ICG.

Sensitivity Analysis. Figure 5 displays the cost per 
QALY gained for the base model and when using 
all favorable and unfavorable inputs simultaneously. 
When all favorable estimates were used (each improv-
ing the cost effectiveness of ICG), ICG resulted in a 
net cost savings of $1670 per patient ($24,567 ICG, 
$26,237 standard) and 0.191 incremental QALYs 
(7.649 ICG, 7.459 standard), equating to –$8764 per 
QALY gained. When all unfavorable estimates were 
used (each limiting the cost-effectiveness of ICG), it 
resulted in a cost per patient of $710 ($19,263 ICG, 
$10,036 standard) and 0.054 incremental QALYs 

EEvent
Probability

Event
Outcome

Path
Probability QALYs

Probability-
Adjusted

QALY
Trial
Costs

Eventand
Mortality

Costs
Clinic
Visits

ICG
Testing Drugs

Total
Costs

Probability-
Adjusted Cost

Die
30% 4.5% 4.72 0.212 $394 $30,158 $623 $0 $2,257 $33,431 $1,504

Stroke 15.0%
Survive
70% 10.5% 7.32 0.769 $394 $37,772 $1,160 $0 $4,203 $43,529 $4,571

Die
30% 9.0% 4.72 0.425 $394 $33,194 $623 $0 $2,257 $36,467 $3,282

30.0%
Survive
70% 21.0% 8.30 1.743 $394 $37,726 $1,160 $0 $4,203 $43,484 $9,132

Die
30% 2.4% 4.72 0.113 $394 $5,003 $623 $0 $2,257 $8,276 $199

8.0%
Survive
70% 5.6% 8.30 0.465 $394 $13,639 $1,160 $0 $4,203 $19,396 $1,086

No Event 47.0% 47.0% 8.79 4.129 $394 $0 $1,160 $0 $4,203 $5,757 $2,706

Standard
Care 100.0% 7.855 $22,479

Die
30% 3.6% 4.72 0.170 $554 $30,158 $623 $203 $2,750 $34,287 $1,234

Stroke 12.0%
Survive
70% 8.4% 7.32 0.615 $554 $37,772 $1,160 $378 $5,122 $44,986 $3,779

Die
30% 8.4% 4.72 0.395 $554 $33,194 $623 $203 $2,750 $37,323 $3,124

ICG 27.9%
Care Survive

70% 19.5% 8.30 1.621 $554 $37,726 $1,160 $378 $5,122 $44,941 $8,777

Die
30% 2.2% 4.72 0.105 $554 $5,003 $623 $203 $2,750 $9,133 $204

7.4%
Survive
70% 5.2% 8.30 0.432 $554 $13,639 $1,160 $378 $5,122 $20,853 $1,086

No Event 52.7% Survive 52.7% 8.79 4.627 $554 $0 $1,160 $378 $5,122 $7,214 $3,799

ICG Care 100.0% 7.964 $22,003
-$4,371

$/QALY gained 0.109 -$476
ICG Care - Standard

Care

Ten-year Costs

Standard
Care

Ischemic Heart
Disease

Ischemic Heart
Disease

Other
Cardiovascular
Event

Other
Cardiovascular
Event

Figure 4. Base case model for long-term impedance cardiography (ICG) cost-effectiveness. QALY indicates quality-adjusted life-years.
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(8.241 ICG, 8.187 standard), equating to $13,163 
per QALY gained. Based on these QALYs, between 
5.2 and 18.5 patients would need to be treated with 
ICG to save 1 year of life.

Discussion
New drugs are approved by the Food and Drug 
Administration (FDA) if they are safe and effective 
in randomized controlled trials and receive a large 
degree of clinical acceptance upon approval. In con-
trast, the FDA 510(k) marketing clearance for a new 
device or diagnostic test is not typically based on ran-
domized controlled trial evidence, and clearance often 
marks only the beginning of the process of clinical 
acceptance. Fundamentally, the regulatory burden is 
much lower for a noninvasive test that provides infor-
mation (upon which a clinician may or may not act) 
than for a drug, which directly causes benefit or harm. 
There is also a lower burden from an evidence-based 
perspective because the relationship between testing 
and clinical outcome is not as easily linked. Therefore, 
new tests are rarely held to the same randomized 
controlled trial standard as new therapies.33 Instead, 
studies of reproducibility, accuracy, risk stratification, 
and/or effect on clinical decisions are generally the 
basis for clinical acceptance.34 Because of the lack of 

randomized trial results with most tests, evaluating 
their cost effectiveness is typically more difficult than 
with therapies.35 However, one commercially available 
ICG device has accomplished something that most 
tests are not required to show—improvement in clini-
cal end points in two randomized controlled trials. 
The CONTROL trial results are impressive, yielding 
BP reduction advantages seldom seen in pharmaco-
logic trials of any duration (8/7 mm Hg).

New therapies and tests have increased patient 
longevity, while a more educated health care con-
sumer has increased demand for the highest level 
of care possible, fueling the increase in health care 
costs in a resource-constrained environment. This 
has led some to advocate cost-effectiveness analysis 
to help guide health care policy decisions.36 While 
CMS does not formally take cost into account when 
evaluating coverage,37 cost-effectiveness is becom-
ing increasingly important to health care policy 
decision makers. Even with the impressive clinical 
results from CONTROL, it is appropriate to evalu-
ate ICG cost-effectiveness to help determine wheth-
er it should be more widely applied.

BP reduction by itself is an effective surrogate end 
point for long-term outcomes because it is equated 
with improved morbidity and mortality. However, 
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Figure 5. Incremental cost per quality-adjusted life-years (QALY) gained with impedance cardiography for base model and using most and 
least favorable inputs from Table II.
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short-term cost-effectiveness analysis of new antihy-
pertensive drugs is not common, perhaps because 
their benefits occur over longer periods. In our study, 
the incremental cost per incremental mm Hg of sys-
tolic and diastolic BP reduction resulting from ICG 
testing was 44% lower for systolic BP and 71% lower 
for diastolic BP vs the standard arm cost per mm Hg 
reduced. Therefore, ICG testing is cost-effective from 
a short-term perspective. This lower incremental cost 
is in striking contrast to typical clinical experience in 
which greater efforts must be expended to reduce BP 
after the initial reduction. In order for ICG to cost 
more per mm Hg reduced than the standard arm, 
either the cost of the ICG test would need to be 2–4 
times greater than its current level or the incremental 
reduction in BP with ICG care would have to be <4.5 
mm Hg systolic or 2 mm Hg diastolic. Both of these 
scenarios seem unlikely.

Some have advocated that new therapies or tests 
should be adopted only if the cost is under $50,000 
to $100,000 per QALY gained.38 Examples of cardiac 
devices approved by CMS and their estimated cost 
per QALY gained over a patient’s lifetime include left 
ventricular assist devices ($500,000 to $1.4 million39), 
implantable cardioverter-defibrillators ($34,000 to 
$70,20040), and cardiac resynchronization therapy 
($79,800 to $156,50041). Our base model actually 
showed that ICG lowered costs and increased QALYs, 
which is rare for new technologies. Even when the 
least-favorable estimates were more considered, use 
of ICG resulted in only a $13,163 cost per QALY, still 
much lower than the other examples and the pro-
posed thresholds. Therefore, ICG testing also appears 
to be cost-effective from a long-term perspective.

There are 30 million US adults older than 60 years 
with hypertension.3 Among these are 19 million in 
whom hypertension has been diagnosed and anti-
hypertensive medications instituted. Approximately 
8.5 million (44%) of these 19 million actively treated 
patients are still not controlled to BP <140/90 mm 
Hg and are thus at increased risk for cardiovascular 
events. Our study indicates that if implemented in this 
patient population, ICG would result in cost-effective 
utilization of short-term health care resources and, 
likely, long-term cost savings or a low cost per life-year 
gained. Our base model indicates that if used in all 8.5 
million patients, ICG could increase lives by 927,000 
years while saving as much as $4 billion over a 10-
year period. Using the worst-case scenario, ICG could 
increase lives by 459,000 years with a $6 billion cost.

Ambulatory BP monitoring is an effective tool 
to diagnose white coat hypertension, and studies 

have demonstrated that it is cost-effective for this 
purpose by preventing unnecessary treatment.42 
Using serial ambulatory BP43 or home BP moni-
toring44–46 as targets for clinic-based treatment, 
however, may not be as clinically or cost-effective as 
using them to identify white coat hypertension. In 
any case, we believe that the addition of serial ICG 
measurements to either ambulatory BP or home BP 
monitoring are complimentary because they serve 
different purposes. While ambulatory and home 
monitoring help identify whether to treat patients, 
ICG helps identify how to treat patients.

Cost-effectiveness studies are subject to even 
more limitations than clinical studies due to the 
number of assumptions required and the long-term 
extrapolation of shorter-term results. As such, our 
assumptions should be considered. In the short-
term analysis, it was not possible to directly compare 
the costs of equivalent BP lowering in standard and 
ICG arms, as ICG-guided therapy resulted in a 
substantially greater BP reduction. It is likely that 
additional BP reduction in the standard arm would 
be more difficult and more expensive per mm Hg 
achieved, resulting in even greater cost-effectiveness 
for ICG. In the long-term analysis, we assumed that 
ICG’s trial BP-lowering advantage of 8/7 mm Hg 
would be sustained as a 4-mm Hg lower systolic BP 
over a 10-year period (3 and 5 mm Hg in sensitiv-
ity analysis); the actual BP-lowering effects could be 
less than or greater than these levels. We assumed 
that there would be no sustained diastolic BP advan-
tage with ICG over the full 10-year term; a small 
sustained decrease would be expected to further 
reduce event rates and improve ICG cost-effective-
ness. We modeled sustained systolic BP reductions 
to result in lower event and mortality rates over a 
10-year period; without a 10-year follow-up term, 
we cannot guarantee that these events would occur. 
We extrapolated the BP results of a smaller but suf-
ficiently powered trial to the prognostic outcomes of 
pooled larger trials; it is unknown whether the scale 
is transferable. We did not model renal-related mor-
tality or morbidity even though renal events cause 
a substantial risk for elevated BP; doing so would 
have increased event rates and improved long-term 
ICG cost-effectiveness. Our long-term analysis was 
based on 10 years when the average 55-year-old 
could be expected to survive 30 years or more. 
While 10 years was conservative, extending the 
modeling period to 30 years would have resulted 
in even better ICG cost-effectiveness. We also con-
ducted more simplified long-term modeling than 
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is possible, with relatively basic assumptions for 
transition states, costs, and QALYs. While this was 
intentional, a more complex model may result in 
different cost per QALYs gained with ICG.

Conclusions
The use of ICG testing to reduce BP in uncontrolled 

hypertensive patients is cost-effective from both a 
short- and long-term perspective. More widespread 
use of ICG in this population should be considered.
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