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Introduction: The European INVESTigators Meeting

CARL J. PEPINE, M.D., MACC, FESC

Division of Cardiovascular Medicine, University of Florida, College of Medicine, Gainesville, Florida, USA

Coronary artery disease (CAD) and hypertension are re-
lated vascular diseases that often coexist. Approximately one
fourth of hypertensive patients have previously established
CAD,1 and depending on the definitions used, more than
50% of patients with CAD have undesirable blood pres-
sures.2, 3 While antihypertensive agents such as diuretics and
beta blockers have been successful at lowering morbidity and
mortality rates associated with elevated blood pressure, the
reduction in adverse outcomes has been less than anticipated.
This finding has led to the suggestion that these agents may
adversely impact other cardiovascular risk factors, such as
glucose metabolism and lipid profile.4 Because the prognosis
of individuals with hypertension is highly dependent on the
presence or absence of CAD, certain antihypertensive agents
may not be appropriate for patients with established CAD.
Lack of outcome data from randomized controlled trials has
lead to questions regarding which antihypertensive agents are
optimal for patients with CAD.

Clinical management guidelines of the Joint National
Committee on Detection, Evaluation, and Treatment of High
Blood Pressure (JNC VI) recognized the importance of an in-
tegrated approach to management of patients with hyperten-
sion and CAD.5 In JNC VI, treatment strategies and blood
pressure goals were based on the patient’s CAD risk profile
and set new target blood pressure goals for those with certain
risk factor conditions, such as diabetes.

The INternational VErapamil SR/trandolapril STudy 
(INVEST) is the first large randomized clinical trial to use the
JNC VI guidelines for treatment of hypertension and CAD.6

This ongoing, prospective, randomized, controlled trial will
compare the risk of adverse outcomes, including death, non-
fatal myocardial infarction (MI), or nonfatal stroke, in hyper-
tensive patients with established CAD treated with either a

calcium antagonist-based strategy or a noncalcium antago-
nist-based strategy. Patient enrollment for INVEST is 22,599,
and, as such, it is one of the largest clinical trials in the world.
Thus far, preliminary data suggest that a majority of diabetics and
nondiabetics achieved a systolic blood pressure <140 mmHg.
Patients are currently in the follow-up phase.

In addition, INVEST is the first large, randomized clinical
trial to be managed entirely over the Internet. In this trial, mon-
itors, sponsors, and investigators have access to certain data in
real time, 24 hours a day. The use of special Internet-based
technology developed at the University of Florida for this trial
has simplified the process of patient enrollment, study drug
prescribing, data management, and investigator training, while
minimizing errors and reducing costs and time. INVEST will
have a substantial impact on clinical trial conduct as a model
for future “paperless” trials.

On May 12, 2001, study investigators met in Istanbul,
Turkey, to discuss the status of this trial and to review other
topics important for its successful conclusion. This supple-
ment contains the insights INVEST’s leading researchers pre-
sented at that symposium.
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The Vascular Biology of Hypertension and Atherosclerosis and Intervention
with Calcium Antagonists and Angiotensin-Converting Enzyme Inhibitors

CARL J. PEPINE, M.D., MACC, FESC, AND EILEEN M. HANDBERG, PH.D.

Division of Cardiovascular Medicine, University of Florida, College of Medicine, Gainesville, Florida, USA

Summary: Recent advances in the understanding of vascular
disease genesis suggest that atherosclerosis and hypertension,
primary targets of therapy in the INternational VErapamil SR/
trandolapril STudy (INVEST), are closely related. A unified
model for the development of cardiovascular disease (CVD) is
emerging from recent advances related to atherosclerosis and
hypertension. The process of vascular disease appears to begin
early in life, when signs of endothelial dysfunction first appear.
A primary cause of CVD progression is increased oxidative
stress in the endothelium caused by multiple risk factor condi-
tions, including heredity, dyslipidemia, smoking, diabetes, and
elevated systolic blood pressure (SBP >110 mmHg). The
renin-angiotensin and kallikrein-kinin systems are important
regulators of blood pressure and atherosclerosis. In the renin-
angiotensin system, angiotensin-converting enzyme (ACE)
mediates generation of angiotensin II (ang II) at local vascular
sites and in the plasma and also degrades bradykinin. Infor-
mation derived from INVEST will help to identify treatment
strategies, such as those containing a calcium antagonist and
an ACE inhibitor, that are targeted directly at the vascular dis-
order responsible for hypertension and atherosclerosis.

Introduction

Recent advances related to the genesis of vascular disease
suggest that atherosclerosis and hypertension, primary targets
of therapy in the INternational VErapamil SR/trandolapril
STudy (INVEST), are closely related. These disorders share
similar risk factor conditions and appear to modify vascular
function and structure correspondingly. Based on these find-

ings, a unified model for the development of cardiovascular
disease (CVD) is emerging. This article will summarize the
vascular biology of atherosclerosis and hypertension in the
context of a unified model for CVD that is useful for the clin-
ician. In addition, this paper will discuss therapeutic inter-
vention with calcium antagonists and angiotensin-converting
enzyme (ACE) inhibitors, focusing on the influence of inter-
vention on vascular function and structure. Some major ad-
vances in the area of CVD will be included.

Unifying Model for Cardiovascular Disease

During the development and progression of CVD, a num-
ber of risk factor conditions involved with both atherosclerosis
and hypertension interact to increase oxidative stress in the vas-
cular wall. These conditions include heredity, dyslipidemia,
smoking, diabetes, and elevated systolic blood pressure (SBP
≥110 mmHg) (Fig. 1). The principal site of this increased 
oxidative stress appears to be the endothelium, the site of nitric
oxide (NO) inactivation. In healthy individuals, reactive oxy-
gen species (ROS) and their derivatives are produced and
detoxified by antioxidant mechanisms. In the endothelium and
other vascular cells, sources of ROS include the xanthine oxi-
dase system, the NADH/NADPH oxidase system, and the en-
dothelial NO synthase (eNOS) system.1 As oxidative stress in-
creases, CVD develops because the endogenous antioxidant
defense systems are overloaded. Emerging evidence suggests
that stem cells derived from bone marrow, early precursors of
mononuclear cells, may be programmed to interact with ROS
within the disordered endothelium. This process may result in
sustained functional alterations. 

The principal functional alteration is a decrease in bioavail-
able NO within the arterial wall, principally at the level of the
endothelium. When this decrease in bioavailable NO becomes
critical, normal endothelial function is altered and endothelial
dysfunction results. These functional alterations may include
abnormal vascular smooth muscle tone (reduced relaxation
and/or increased constriction), vascular smooth muscle growth,
abnormalities in blood coagulation (increased activation of
platelets and coagulation), and fibrinolysis (reduced release 
of t-PA and uPA), as well as enhanced inflammation. These

Clin. Cardiol. Vol. 24 (Suppl. V), V-1–V-5 (2001)
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functional alterations lead to structural changes in the vessel
(e.g., smooth muscle hypertrophy, adverse remodeling, plaque
rupture, thrombus formation, and occlusion). In some cases,
these functional alterations may result in clinical sequelae,
such as death, myocardial infarction, stroke, ischemia, or con-
gestive heart failure. 

Renin-Angiotensin and Kallikrein-Kinin Systems 

The renin-angiotensin and kallikrein-kinin systems are im-
portant regulators of blood pressure and atherosclerosis.

Figure 2 shows these systems in detail. Angiotensinogen is
abundant in many tissues and the circulating blood. Renin
causes angiotensinogen to convert into angiotensin I (ang I) in
plasma and tissue. Angiotensin-converting enzyme mediates
the generation of angiotensin II (ang II) from angiotensinogen.
Ang II can interact with a number of cloned AT receptors. If
ang II interacts with the ang I receptor, as stated previously,
vasoconstriction results. Other adverse cellular reactions in-
clude production of endothelin and superoxide, retention of
sodium and water, and cell proliferation. 

An angiotensin metabolite, angiotensin-(1-7), has recently
been shown to exist in concentrations that are roughly equiva-

V-2
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FIG. 1 The progression of cardiovascular disease. ACE = angiotensin converting enzyme, Ang II = angiotensin II, eNOS = endothelial nitric
oxide synthase, SMC = smooth muscle cell, NF-B = nuclear factor Kappa B.
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lent to ang II in the plasma and in tissue.2 The antihypertensive
effects of angiotensin-(1-7) suggest that it may counter regu-
late ang II.3 The interaction of angiotensin-(1-7) with its recep-
tor site results in vasodilation and growth inhibition. 

Considerable evidence suggests that ACE has a greater
affinity for bradykinin than for ang I.4,5 Bradykinin interacts
with its beta 2 receptor at the endothelial cell level to cause in-
tense vasodilation and to inhibit cell proliferation. Increasing
evidence suggests that bradykinin peptides that are not under
the influence of ACE are available to act at the bradykinin I
receptor. Therefore, these peptides also cause vasodilation
and inhibit cell proliferation. Increasingly, evidence suggests
that the angiotensin-renin and kallikrein-kinin systems have
crucial roles in the vascular regulation of atherosclerosis and
hypertension. 

Angiotensin II affects blood vessel tone principally by 
increasing the concentration of calcium ions available for vas-
cular smooth muscle contraction, resulting in vasoconstric-
tion, and possibly hypertension. It also stimulates cell growth
and proliferation by increasing the expression of oncogenes,
which increase the number of growth factors. Angiotensin II
also promotes oxidation in macrophages and endothelial cells
and increases vascular permeability. Each of these reactions
has a deleterious effect on blood vessels.

Local Biosynthesis of Angiotensin II

The biosynthesis of ang II from ang I occurs at local vascu-
lar sites, tissues, and in the plasma. The microcirculation pre-
sent in the wall of larger blood vessels and the infiltration of
mononuclear cells in the form of macrophages result in the
concentration of ang II in vascular sites. Dzau recently hy-
pothesized that ang II provides a positive feedback mecha-
nism to allow these processes to self-perpetuate.6 For exam-
ple, increased tissue ang II results in more oxidative stress.
Promotion of cytokines, adhesion molecules, smooth muscle
tone, growth factors, and vascular inflammation results, caus-
ing an infiltration of granulocytes, cathepsin G, mast cells, and
monocytes. Ultimately, one result is the increased tissue ex-
pression of ang II through upregulation of ACE. This mecha-
nism may account for the perpetuation of vascular disease.

Recent data from a rat model have suggested that many, if
not all, components of the renin-angiotensin system (e.g.,
ACE, angiotensin type 1 and type 2 [AT1 and AT2] receptors,
and angiotensinogen) appear to be contained in the mono-
nuclear cells and megakaryocytes of bone marrow. Renin, too,
has been identified in these megakaryocytes. In addition,
megakaryocytes in bone marrow stain richly for angiotensin
type I receptors. These receptors activate the expression of ad-
hesion molecules, and therefore the precursors of circulating
macrophages, as well as endothelial progenitor cells, are pro-
grammed to bind with certain sites in the blood vessel wall.
Several experiments suggest that such mononuclear cells in the
bone marrow are programmed relative to the upregulation of
ACE in the same way that endothelial cells are programmed.

This suggests that abnormal precursor cells may be present
in the bone marrow compartment. These precursor cells are
programmed very early in life and activated to bind with se-
lected sites of the blood vessel wall. This mechanism, along
with other mechanisms previously described, may be respon-
sible for the promotion of vascular disease early in life.

When Does Vascular Disease Begin?

It is now clear that endothelial dysfunction is present early
in life. It has been identified in children of patients who have
hypertension and in children of households where there is ac-
tive smoking. Traditional thinking is that foam cells and fatty
streaks develop in childhood and result in intermediate type le-
sions. These lesions then increase in volume with the uptake of
oxidized low-density lipoprotein (LDL) in the first three to
four decades of a person’s life. If large enough to disrupt organ
blood flow, these atheroma then have the potential to rupture
and produce plaque-related coronary events or cerebrovascu-
lar events; if not, they heal and become incorporated into the
vessel wall as fibrous plaque. 

The question regarding when this process develops recent-
ly received considerable attention based upon examination of
aortae from aborted fetuses.7 These aortae reveal consider-
able macrophage infiltration in the intima—early structural
evidence of atherosclerosis. Special histochemistry has also
shown oxidation products, revealing that these macrophages
are in the earliest stages of atherosclerosis development. Evi-
dence to date suggests that while fetal programming occurs
relative to early atherosclerosis, there may also be some early
regression in some sites once the child is born. The athero-
sclerosis process, however, redevelops at sites that may be
programmed in utero. Therefore, between the ages of 3 and
10 years, atherosclerosis may be fully developed, with com-
plicated plaque resulting between the ages of 10 and 30 years.
Based upon these observations, intervention should occur
during early life.

Development of Hypertension

In hypertension, current evidence suggests that endothelial
dysfunction is present in early childhood. Panza et al. (Fig.
3A) showed that hypertensive adults had reduced blood flow
augmentation in response to ascending doses of acetylcholine
when compared with normotensive adults, providing evidence
of endothelial dysfunction.8 Children exhibited the same pat-
tern in a study by Taddei et al. (Fig. 3B).9 Children who did not
have elevated blood pressure but had a family history of hyper-
tension had a disordered response to acetylcholine early in life
when compared with children who had no family history of
hypertension. This evidence suggests that blood vessels of ge-
netically susceptible patients may be programmed early in life
to develop hypertension.

In addition, Nickenig et al. demonstrated the interaction
within blood vessels between oxidized lipid (principally oxi-
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dized LDL) and angiotensin.10 Patients with normal levels of
cholesterol (181 ± 11 mg/dl) and patients with hypercholes-
terolemia (294 ± 10 mg/dl) received increasing doses of ang
II, infused intravenously. Hypercholesterolemic patients had
a significant increase in SBP when compared with patients
with normal levels of cholesterol. When patients with hyper-
cholesterolemia were treated with 3-hydroxy-3-methylglu-
taryl coenzyme A (HMG-CoA) reductase inhibitors (statins)
to reduce their cholesterol levels to normal levels and tested
again, SBP responses to the same doses of ang II were nor-
malized. The concentrations of ang II used in these studies
were physiologic.

In addition, Nickenig et al. showed that platelet expression
of the ang II type 1 (AT1) receptor was upregulated and directly
correlated to the plasma level of oxidized LDL.10 Several stud-
ies have shown that platelet expression of the AT1 and AT2 re-
ceptor can be blocked with either ACE inhibitors, AT1 receptor
blockers, or statins.11 In addition, studies have shown that plate-
let AT1 receptor upregulation parallels vascular smooth muscle
reactivity. Therefore, oxidized LDL appears to enhance the ac-
tivity of ang II to increase blood pressure principally through
enhanced vascular smooth muscle activation.

Therapeutic Strategies

The endothelium is shown in more detail in Figure 4 to
show the role these processes play relative to therapeutic
strategies. Regarding eNOS, multiple receptors on the surface
of the endothelial cell may act to increase the availability of
NO from the amino acid, L-arginine by upregulating eNOS.
Nitric oxide is freely diffusible both to the abluminal surface
and the luminal surface of the vessel wall. At the abluminal
surface, it diffuses across the intimal space to the vascular
smooth muscle cells and macrophages residing within the

subintimal region. There NO interacts with G-proteins, result-
ing in relaxation of the vascular smooth muscle and inhibition
of mononuclear cell processes. 

Sufficient NO may be produced even in disease states, but it
is not released in a bioactive form, largely because there is an
increased generation of oxygen free radicals. This oxidative

V-4

FIG. 4 Dihydropyridine induces vasorelaxation at the level of the en-
dothelial cell via enhancement of endothelial nitric oxide release and
at the level of vascular smooth muscle via inhibition of L-type calcium
channels. Ang II = angiotensin II, cGMP = cyclic guanosine mono-
phosphate, DHP = dihydropyridine, eNOS = endothelial nitric oxide
synthase, GTP = guanosine triphosphate, ONOO- = peroxinitrate,
PDE-5 = phosphodiesterase type 5, sGC = soluble guanylyl cyclase.
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to mimic the response of adults with established hypertension (B). This suggests that the development of hypertension may begin at an early age.
Figures reprinted from Refs. No. 8 and 9 with permission.
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stress inactivates the NO, thus preventing it from participat-
ing in G-protein-coupled reactions. Treatment strategies that 
increase NO availability, either through production of more
NO or reduction of ROS, are likely to have beneficial effects.
One strategy is to provide more L-arginine to increase the ac-
tivity of eNOS. Another is to use an antioxidant to reduce the
amount of ROS. Phenolic compounds such as most calcium-
channel antagonists (e.g., verapamil) are antioxidants. 

Treatment strategies that influence vascular smooth muscle
tone may also play a role. Calcium channels on the surface of
vascular smooth muscle cells, including L-type, M-type, and
others, facilitate calcium movement across the sarcolemma
membrane and promote contraction. All of the calcium-chan-
nel antagonists block these calcium channels to different de-
grees. Verapamil, the agent studied in INVEST, has activity at
both L channels and M channels. A proposed dihydropyridine
calcium receptor at the endothelial cell surface may account
for some of the differences reported in outcome studies using
short-acting, rapid-release dihydropyridine calcium antago-
nists, compared with the longer-acting, slow-release, nondihy-
dropyridine calcium antagonists, such as verapamil SR and
diltiazem SR. 

The angiotensin-renin system (ACE, ang II, and bradykin-
in) may promote both atherosclerosis and hypertension. Evi-
dence derived from human carotid plaque and human coro-
nary plaque removed during atherectomy has identified an
abundance of ACE in plaque, particularly at the shoulders of
plaque.12 These sites may participate in plaque rupture. While
ACE is present throughout the plaque and deep in the blood
vessel wall, it is highly concentrated in these shoulder areas.

Immunohistochemistry has identified ACE within the mac-
rophages of these plaques. Angiotensin-converting enzyme is
responsible for the generation of ang II and the degradation of
bradykinin locally. It is upregulated in atherosclerosis and hy-
pertension. Abundant ang II is available locally at the vascular
wall, while bradykinin, a potent generator of endothelial-de-
rived vasodilators [NO, endothelium-derived hyperpolarizing
factor (EDHF), and prostacyclin (PGI-2)], is reduced. Angio-
tensin II is believed to be responsible for increasing oxidative
stress to inactivate NO. In addition, ang II interacts with the
AT1 receptor and facilitates movement of calcium ions
through channels to enhance contraction and increase infla-
mmation. Based upon recent investigations of the involvement
of ang II in vascular disease, it would seem prudent to interrupt
angiotensin activity and prevent bradykinin breakdown.
Therefore, an ACE inhibitor (e.g., trandolapril) would seem
prudent as a therapy for atherosclerosis and hypertension. 
INVEST is testing this hypothesis. 

Conclusion

Atherosclerosis and hypertension are the primary targets of
treatment in INVEST. Recent advances suggest that these
conditions commence very early in human development. New
understandings of when vascular disease begins and how it
progresses will lead to improved therapeutic strategies.
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Summary: In all, 22,599 patients with coexisting hyperten-
sion and coronary artery disease (CAD) from around the
world are enrolled in the INternational VErapamil SR/tran-
dolapril STudy (INVEST). As a result, much will be learned
regarding the use of treatment strategies using verapamil SR
and atenolol with and without trandolapril and/or hydrochlor-
orthiazide in patients with hypertension and CAD, all of
whom are at high risk for adverse cardiovascular outcomes.
This trial will provide meaningful data on optimal treatment
strategies for hypertension, especially among patients who are
elderly, have diabetes, have left ventricular hypertrophy, or
who are dyslipidemic. This trial will be the first to use Joint
National Committee on Detection, Evaluation, and Treatment
of High Blood Pressure (JNC VI) guidelines as blood pressure
goals to determine the relative benefits of a calcium antagonist
versus a beta-blocker strategy in reducing morbidity and mor-
tality. In addition, women and Hispanic patients participating
in INVEST will provide the largest controlled experience in
the management of hypertensive patients with CAD, facilitat-
ing the development of future guidelines.

Key words: antihypertensive agents, baseline characteristics,
calcium-channel blockers, coronary artery disease, hyper-
cholesterolemia, hypertension, INVEST, verapamil

Introduction

The INternational VErapamil SR/trandolapril STudy 
(INVEST) enrolled patients with coexisting hypertension and
coronary artery disease (CAD) from around the world.
Countries participating in INVEST include the United States,
Mexico, Cuba, Guatemala, the Dominican Republic, El
Salvador, Panama, Australia, New Zealand, Canada, France,
Germany, Hungary, Italy, Spain, and Turkey (countries with

patient enrollment are shown in Table I). In all, 862 practition-
ers in the ambulatory care setting are participating as INVEST
site investigators. Patients are randomized to either a calcium
antagonist, (verapamil SR)-based, or a beta blocker- (atenolol)
based blood pressure control strategy, with or without the 
addition of trandolapril and/or hydrochlorothiazide, if needed,
to meet Joint National Committee on Detection, Evaluation,
and Treatment of High Blood Pressure (JNC VI) targets.1 The
primary goal of therapy is the reduction of blood pressure 
to < 140/90 mmHg, or to < 130/85 mmHg for diabetics and
patients with renal disease, in accordance with the targets rec-
ommended by the JNC VI.2 Patient recruitment began in Sep-
tember of 1997 with a pilot phase, and full scale recruitment
began in January 1998. Final follow-up visits will take place
in December of 2002. Utilizing a web-based system allowed
for unlimited enrollment each day. At peak recruitment, 1,792
patients were randomized in 1 month, with a peak of 444 ran-
domizations in 1 week. In all, 22,599 patients with hyperten-
sion and CAD were randomized.

Hypertension 

Elevated blood pressure is an important risk factor for the
occurrence of CAD as well as its adverse outcomes such as
death and myocardial infarction (MI), and the risk of these out-
comes increases with age in both men and women.3 Several
trials have shown that hypertension is especially problematic
among patients >70 years of age.4,5 Staessen et al.,5 in a com-
parison of clinical outcomes trials, suggested that intensive
treatment of hypertension in elderly patients could reduce total
mortality, cardiovascular mortality, all cardiovascular out-
comes, fatal and nonfatal stroke, and fatal and nonfatal MI by
20 to 30%.5

Risk Factor Conditions and Hypertension

Of all patients with hypertension, about 40% are obese,
50% have hyperinsulinemia, 40% have cholesterol levels
> 240 mg/dl, and 25% have high-density lipoprotein (HDL)
levels of <40 mg/dl. Hypercholesterolemia is a strong risk
factor for cardiovascular disease (CVD).6,7 Several epidemi-
ologic studies, such as the Tecumseh Community Health
Study8 and the Framingham Heart Study,3 established a sig-
nificant direct relationship between blood pressure levels and

Clin. Cardiol. Vol. 24 (Suppl. V), V-6–V-8 (2001)

Address for reprints:

Serap Erdine, M.D.
Istanbul University Cardiology Institute
Haseki, Istanbul
Turkey
E-mail: eserdine@superonline.com



S. Erdine and B. Kolb: INVEST report on CAD and hypertension V-7

serum lipid levels.9 In INVEST, 100% of the patients have
documented CAD, and 53% of the patients had a history of
documented dyslipidemia.

Obesity is also an important cardiovascular risk factor.10

More than three quarters (78%) of the patients enrolled in 
INVEST had a body mass index (BMI) of >26, and more than
one third (38%) of the patients had a BMI >30 at entry. Other
conditions frequently associated with hypertension and/or
obesity include smoking and a sedentary lifestyle. In INVEST,
about one half of the patients (46%) reported a history of
smoking, and 12% had smoked within the previous 30 days.

Target Organ Damage

Target organ damage, such as left ventricular hypertrophy
or renal dysfunction, is also an important determinant of 
adverse outcome among hypertensive patients. Koren et al.
showed that left ventricular hypertrophy is an independent de-
terminant of both  mortality and other cardiovascular events.11

Other clinical conditions, such as complications of athero-
sclerotic vascular disease (e.g., MI, prior revascularization,
and congestive heart failure) and stroke are additional  factors
that predict adverse outcome. Alderman et al. reported that
prior MI, stroke, and diabetes are primary determinants of fu-
ture cardiovascular events.12 All patients in INVEST have
documented CAD, making this a high-risk cohort.

Diabetes is another very important coexisting condition that
can result in macrovascular and/or microvascular disease.
Manifestations of macrovascular disease associated with dia-
betes include CVD, cerebrovascular disease, peripheral vas-
cular disease, and congestive heart failure. Manifestations of
microvascular disease include nephropathy and retinopathy.
Several trials have shown that, in diabetic patients, optimal
blood pressure control results in decreased risk of all diabetes-
related vascular outcomes.13–15 The risk reduction was corre-
lated with decreased levels of blood pressure, but not type of
drug. However, these trials were not conducted using contem-
porary agents such as angiotensin-converting enzyme (ACE)
inhibitors, statins, or JNC VI blood pressure targets. None

used a fasting blood sugar >126 mg/dl as the definition of 
diabetes. At entry, 27% of patients in INVEST had diabetes
defined by this newer definition. The subsequent development
of diabetes during follow-up is also being captured, and will
allow an evaluation of the impact of hypertension treatment on
diabetes progression/development. 

Recent guidelines, including those from the European
Society of Cardiology,16 the American College of Cardiology/
American Heart Association (ACC/AHA),17 the World Health
Organization-International Society of Hypertension (WHO-
ISH),18 and JNC VI2 emphasize patient assessment according
to blood pressure levels and the presence of coexisting condi-
tions. The WHO-ISH guidelines, for example, recommend
stratification of patient risk according to blood pressure level
and concomitant risk factor conditions, such as gender, total
cholesterol, diabetes mellitus, and smoking.18 INVEST was
specifically designed to provide two different treatment strate-
gies that would allow for intensive dose escalation of three
study antihypertensive medications if needed. These dose es-
calations were based on JNC VI guidelines, as well as other lit-
erature, but the unique system permitted the physician to cus-
tomize treatment according to protocol based on an individual
patient’s risk factors, tolerance of medications, response to
therapy, and other factors. In addition, a fourth antihyperten-
sive medication could be added at the investigator’s discretion
to achieve blood pressure control provided it was not a calcium
antagonist if the patient was assigned to beta-blocker strategy,
or a beta blocker if the patient was assigned to calcium-antag-
onist strategy. Unique to INVEST, recommended blood pres-
sure targets are adjusted based on documented risk factors
such as diabetes or renal disease. INVEST, using this method-
ology, will be the first randomized, controlled trial that will
evaluate the implementation of JNC VI guidelines and their
impact on occurrence of all-cause mortality, nonfatal MI, and
nonfatal stroke. 

INVEST Patient Characteristics at Entry

The patient characteristics are published in detail elsewhere
for the final randomized population (Cooper-DeHoff, et al., in
press). Briefly, INVEST will reveal important information 
regarding treatment of elderly patients with CAD and with 
hypertension, because the majority are > 65 years of age and
over one third of patients are >70 years of age. Because of the
large number of patients in the 50–99 year age range, INVEST
will provide considerable data regarding blood pressure treat-
ment strategies for older patients of all ages. 

Because patients from many regions of the world are en-
rolled in INVEST, there is significant racial diversity. Of the
patients enrolled, 51% are either black (14%) or Hispanic
(37%). Important is the fact that women comprise more than
half of the patients enrolled (52%). Women are underrepre-
sented in most hypertensive trials, and randomized trial data
on women with hypertension and CAD are even more limited.
INVEST will establish whether differences in pharmacologic
response to antihypertensive therapies exist between women

TABLE I Patient enrollment by country in the INternational VErapa-
mil SR/trandolapril STudy (INVEST) 

Participating country No. of patients enrolled

Mainland USA 17,154
Mexico 1,496
Cuba 1,872
Caribbean 98
Australia/New Zealand 36
Canada 452
Germany 183
Hungary 333
Italy 134
Turkey 841
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and men. In the majority of patients enrolled, cardiovascular
comorbidities include prior MI, angina, diabetes, dyslipi-
demia, and/or smoking history, and a majority of the patients
were taking antihypertensive therapy at the time of enrollment.

There has been some speculation regarding the association
between dihydropyridine calcium antagonists and the risk of
cancer.19,20 Of the patients enrolled in INVEST, 7% had a
medical history that included cancer that was not expected to
impair their ability to comply with follow-up. By the end of
the trial, there may be sufficient data to clarify whether there
is an association between treatment strategy and new cancer
development.

Medications

At the time of enrollment, a majority of the INVEST pa-
tients were being treated with antihypertensive therapy from 
a variety of pharmacologic classes, including ACE inhibitors,
calcium antagonists, diuretics, alpha blockers, and centrally
acting antihypertensives. Only 19% of patients, however,
achieved blood pressure control at baseline according to JNC
VI guidelines for the total population. Beta-blocker use at the
time of enrollment was an exclusion criterion. In addition to
treatment for elevated blood pressure, patients were also treat-
ed with many other medications for coexisting conditions, in-
cluding aspirin or other antiplatelet medications, lipid-lower-
ing drugs, oral hypoglycemic agents, insulin, and hormone
replacement therapy. Therefore, the INVEST population is
very representative of contemporary ambulatory patients with
hypertension and CAD. At randomization, 62% of patients
were prescribed one study medication, 28% received two, and
10% received three. Preliminary data indicate that larger num-
bers of patients are prescribed two or three study medications
over time. Currently, approximately 70% of patients treated
for 1 year receive two or three study medications, indicating
that investigators are following the protocol recommenda-
tions. Follow-up for the trial will end in December 2002, and
results are anticipated in early 2003.

Conclusion

It is clear that certain conditions have an important influ-
ence on the adverse outcomes of patients with CAD and estab-
lished hypertension. While there is general agreement that the
treatment of elevated blood pressure is important in the pre-
vention of cardiovascular events, very little evidenced-based
medical data exist regarding optimal treatment of blood pres-
sure in terms of reducing adverse outcomes in such patients.
INVEST provides global representation of contemporary
CAD patients with established hypertension and a plethora of
associated risk factor conditions. This trial will provide mean-
ingful data for many subgroups, especially patients who are
women, elderly, Hispanic, diabetic, obese, dyslipidemic, or
who have left ventricular hypertrophy, prior MI, or have un-
dergone revascularization. 
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Summary: The INternational VErapamil SR/trandolapril
STudy (INVEST) will provide a large database of informa-
tion. Proposed substudies for analysis include ambulatory
blood pressure monitoring (ABPM), depression, genotyping,
atrial fibrillation, electrocardiogram (ECG), echocardiogra-
phy, renal dysfunction, diabetes, and cardiac care cost esti-
mate. This paper reviews the design and status of several of the
INVEST substudies. The ABPM substudy will obtain objec-
tive blood pressure recordings during daily life masked to both
the patient and the investigator. Ambulatory blood pressure
monitoring is an especially useful technology because of the
role of nocturnal hypertension and circadian blood pressure ir-
regularities in the development of hypertensive disease. The
depression substudy, which enrolled 2,393 patients in the
United States, will report quality-of-life (QOL) data, including
information regarding energy and fatigue. The genotyping
substudy will provide genomic DNA samples from approxi-
mately 15,000 patients in the United States, including Puerto
Rico. Many candidate genes will be examined for polymor-
phisms that may predict outcomes and/or responses to various
treatments.

Key words: ambulatory blood pressure monitoring, atrial fib-
rillation, depression, INVEST substudies, polymorphisms

Introduction

A considerable amount of new data will be derived from
the large INternational VErapamil SR/trandolapril STudy
(INVEST) database. This is an important trial and the only
one among the antihypertensive treatment trials that has set a

blood pressure goal of < 140/90 mmHg or < 130/85 mmHg
for special populations, as recommended by the Joint Na-
tional Committee on Detection, Evaluation, and Treatment of
High Blood Pressure (JNC VI).1 Also, INVEST is the only
randomized clinical trial focusing on hypertension treatment
in patients with documented coronary artery disease (CAD).
In addition to the results of the main study related to optimal
treatment strategy (with regard to adverse cardiovascular out-
comes), several scientifically important substudies were pro-
posed to the INVEST Steering Committee. Future analyses
may include ambulatory blood pressure monitoring (ABPM),
patient self report of depressive symptoms, genotype studies,
diabetes studies, renal failure studies, cognitive dysfunction
studies, and electrocardiogram (ECG) studies. This paper 
reviews the design of the ongoing ABPM, depression, and
genotype substudies.

Ambulatory Blood Pressure Monitoring Substudy 

Nocturnal hypertension and the absence of circadian blood
pressure changes are independent risk factors for adverse out-
comes related to cardiovascular disease. Hypertension can 
be accurately monitored throughout ordinary daily activities
using ABPM, an inexpensive and easy-to-use technology that
has been available to clinicians for more than 10 years.2–6

Using this method in a subset of its patients, INVEST will col-
lect data regarding daily control of hypertension that is masked
to both the patient and the investigator. 

Ambulatory blood pressure monitoring provides the tech-
nology for  computer-based statistical analysis of blood pres-
sure data. Using this technology, researchers can adjust the
time intervals between measurements, and ambulatory blood
pressure curves are obtained for individual patients by plotting
recorded blood pressure values over time on a graph. This 
allows changes in blood pressure to be calculated and evaluat-
ed for physiologic circadian variation. Long-acting medical
regimens are expected to minimize circadian variation, and
ABPM provides evidence for the decrease in circadian varia-
tion. Also, ABPM compensates for the inflexibility of clinical
measurements. While blood pressure measurements recorded
in a physician’s office are subject to disturbances related to the
previous mental and physical activity of the patient, the emo-
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tional state of the patient, time of day, and stress related to the
visit itself, ABPM does not have these limitations.5,6

In a recently published study detailing the use of ABPM, an
evaluation of the changes in circadian blood pressure para-
meters are reported when patients forget to take prescribed
daily antihypertensive medication. The authors compared
drug regimens containing amlodipine and felodipine, both of
which are long-acting medications. Ambulatory blood pres-
sure curves were created and compared between patients tak-
ing amlopidine or felodipine who had a 1-day drug holiday.
By comparing ambulatory blood pressure curves, differences
between two drug regimens might be elucidated. In this report,
there was no difference in ambulatory blood pressure curves
between patients who regularly took amlodipine and those
who took a 1-day holiday. However, in those patients taking
felodipine, there were significant differences between patients
who regularly took felodipine, and those who took a 1-day
holiday. Differences such as these could not be observed with-
out the use of ABPM technology.7

Therefore, a study of the changes in circadian blood pres-
sure parameters was proposed to the INVEST Steering
Committee by Dr. Csaba Farsang, President of the Hungarian
Society of Hypertension. Patients from selected centers in
Hungary and the United States have been dually enrolled in
INVEST and the ABPM substudy. The ABPM  substudy will
use Meditech® (Div. Boston Scientific, Maple Grove, Minn.,
USA) equipment. The Meditech® devices have all been vali-
dated according to the standards of the British Hypertension
Society. The ABPM evaluation will occur twice—once over a
24-h period at the time of enrollment in INVEST, and again
over a 24-h period during the 52nd week of participation in
INVEST. This will allow for comparisons of BP assessments
both in the physician’s office and in the ambulatory setting,
and at baseline and after 1 year of antihypertensive therapy 
according to the randomized strategy from INVEST. Results
of the ABPM substudy are expected in 2003. 

Depression Substudy (SADD-Sx)

In all, 2,393 INVEST patients in the United States have
been enrolled in the Substudy of Antihypertensive Drugs and
Depressive Symptoms (SADD-Sx). A relationship between
blood pressure levels and depressive symptoms has been es-
tablished, and the use of beta blockers to treat elevated blood
pressure may provoke depression and even suicide.8–10 There-
fore, there may be a difference in depressive symptoms, 
fatigue, and even the rate of suicide in patients treated with an
antihypertensive strategy containing a beta blocker when com-
pared with a strategy containing a calcium antagonist. This
substudy uses structured questionnaires to allow patients to
self report depressive symptoms. A total of 4 questionnaires
was employed: (1) Center for Epidemeologic Studies – The
Depression Scale (CESD), (2) Medical Outcomes Study –
Short Form 36 (SF36), (3) Instrumental Activities of Daily
Living (IADL), and (4) Activities of Daily Living (ADL).
Patients who return the survey provide quality-of-life (QOL)

data, including information regarding energy and fatigue. Four
surveys were mailed to patients over the first year of enroll-
ment. Dr. L. Douglas Ried is the principal investigator of
SADD-Sx, and Dr. Michael Tueth is the co-investigator. They
provided some preliminary information about the study after
the enrollment of 2,393 patients. The investigators recruited a
large number of patients in a very short period of time. Of the
patients who were sent surveys, 71.5% returned the surveys at
baseline, and 61.7% returned them at the 6-week follow-up. It
is interesting that 10% more men than women returned the sur-
vey. The first survey indicated that 36.9% of the sample return-
ing surveys had high-risk depressive symptoms. At the 6-week
follow-up, 36.4% reported high-risk depressive symptoms. 

The final results of the SADD-Sx trial are not available, but
some baseline information has already been gathered. Char-
acteristics of the patients in SADDS-Sx at baseline were very
similar to those of the main trial patients. 

Genotyping Substudy

It is well known that there are differences between Blacks
and Caucasians in the antihypertensive response to beta block-
ers.11,12 The largest studies on this topic suggest that about
40% of Blacks and 60% of Caucasians have a good antihyper-
tensive response to beta blockers. Little is know about how re-
sponse of Hispanics to beta blockers compares with that of
other ethnic populations. Because INVEST is rich with ethnic
diversity (37% Hispanic, 14% Black), a substudy to character-
ize the genetic polymorphisms of a subset of the INVEST
population was proposed. Genetic samples from large num-
bers of Caucasians, Hispanics, and Blacks are being collected.
Genetic samples are obtained from buccal mucosal cells ob-
tained after INVEST patients have swished 10 ml of mouth-
wash up to three times. From these buccal cells, genomic
DNA is extracted and stored. Initially, variations in genes en-
coding the beta receptor will be characterized from the isolat-
ed DNA to assess the importance or various polymorphisms in
determining antihypertensive effects of beta blockers. In addi-
tion, ethnic differences in beta-receptor allele frequency will
be assessed and associated to beta-blocker response. Decis-
ions regarding additional candidate genes to evaluate will be
determined by the substudy principal investigator, Dr. Julie
Johnson, and the INVEST Steering Committee. 

Other Substudies

Because of the large number of patients enrolled in 
INVEST, additional substudy analyses were proposed but are
not currently underway. These additional substudies included
an economic study, a renal dysfunction substudy, a diabetic
substudy, an atrial fibrillation substudy, and an echocardiogra-
phy substudy. The proposed economic study was designed to
evaluate the cost of cardiac care among the enrolled popula-
tion. Substudies involving renal dysfunction and diabetes were
proposed to the INVEST Steering Committee because both
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conditions were sufficiently represented in the treatment arms
of the main trial to produce scientifically relevant results.

The electrical instability in hypertensive heart disease is a
multifactorial phenomenon. Left ventricular hypertrophy
(LVH), the vascular and cardiac tissue alteration due to the dis-
ease, may evoke arrythmias, and atrial fibrillation is among the
most frequent. Conversely, the most frequent cause of atrial fib-
rillation is hypertension. The treatment strategy may influence
the propensity for arrythmias. Experimental evidence suggests
that trandolapril (Mavik®) (Abbott Laboratories, Abbott Park,
Ill.) or verapamil, or the combination of trandolapril and ver-
apamil (Tarka®) (Abbott Laboratories, Abbott Park, Ill.) may
improve the structure of the atria, consequently preventing
tachyarrhythmias in the clinical setting of acute ischemia.13–15

The purpose of an echocardiography substudy would be to
determine whether a strategy using calcium-antagonist treat-
ment could better prevent LVH than the beta-blocker strategy.
The effect of angiotensin-converting enzyme (ACE) in-
hibitors on LVH is established. There is some evidence that
use of calcium antagonists (especially verapamil) may pre-
vent LVH more effectively than beta-blocker therapy. Combi-
nation therapies (verapamil or a beta blocker combined with
an ACE inhibitor), however, probably do not produce large
differences in the different arms of the trial. 

Conclusions

Several INVEST substudies are underway or proposed.
The ABPM trial will provide important information regarding
the comparison of blood pressure measurements in the ambu-
latory setting and the physician’s office, and will also provide
additional insight into the effects of available medications on
the treatment of hypertension. The SADD-Sx trial will pro-
vide beneficial information associating the development of
depressive symptoms in patients receiving antihypertensive
medication regimens that may or may not contain a beta
blocker. The genotyping substudy will provide information
not yet available, associating response to antihypertensive
therapy, ethnic background, and variations in allele frequen-
cies of polymorphisms that are critical to antihypertensive
medication response. 
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INVEST: Results of Combined Strategies to Control Blood Pressure
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Summary: The treatment of hypertension continues to be
challenging due to the lack of understanding regarding under-
lying modulators of blood pressure as well as co-existing con-
ditions such as atherosclerosis and diabetes. This has led to 
uncertainty regarding treatment strategy and intensity. The
INternational VErapamil SR/trandolapril STudy (INVEST) is
designed to evaluate the relationship between cardiovascular
risk and blood pressure modulators. Based on a review of pre-
liminary data, it appears that the treatment regimen used in the
INVEST trial has been more successful than other studies at
controlling systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), and pulse pressure. These preliminary data from
INVEST suggest that a high proportion of coronary artery dis-
ease (CAD) patients with hypertension should receive combi-
nation therapy to achieve contemporary blood pressure targets. 

Key words: diastolic blood pressure, hypertension, INVEST,
pulse pressure, systolic blood pressure

Introduction

It is difficult to create principles and strategies to achieve
target blood pressure levels without a better understanding of
underlying blood pressure modulators. Unfortunately, the
treatment of hypertension has been confounded by the lack of
knowledge regarding factors that modulate blood pressure
control. Therefore, physicians often have used an uncertain
clinical approach to the treatment of elevated blood pressure.
Some clinical trials, however, have reported success at control-
ling key blood pressure modulators. 

Clinical Studies

The Evaluation and Interventions for Systolic Blood pres-
sure Elevation-Regional and Global (EISBERG) project
showed that control of diastolic blood pressure (DBP) alone is
not sufficient to control overall blood pressure values for some
patients.1 From 1992 to 1997, even though the proportion of
patients with a DBP >90 mmHg decreased, a high proportion
of patients did not achieve target blood pressure control. In the
EISBERG project, nearly 98% of patients maintained a sys-
tolic blood pressure (SBP) of >140 mmHg. Very few patients
improved their SBP in this study.1 The EUROASPIRE survey
also showed poor control of SBP among treated patients. This
study, which was conducted among 11,000 patients in France,
Germany, Italy, Spain, and the United Kingdom, found that
fewer than 13% of treated hypertensive patients reduced their
SBP to <140 mmHg.2

Clearly, drug strategies have failed to adequately control
SBP. More than 7,000 hypertensive patients in Germany,
France, Italy, Spain, and the United Kingdom received dif-
ferent treatments over a period of 2 years to achieve blood
pressure targets (S. Julius, personal communication, 2001).
Over 2 years, some patients received increased dosage of
medication, some had therapies added, and some had thera-
pies changed; however, 84% had unchanged blood pressure,
indicating that the therapeutic strategy was not optimal. 

The strategy for controlling blood pressure in INternational
VErapamil SR/trandolapril STudy (INVEST), however, has
been more successful. Almost 70% of patients maintained
control of SBP (< 140 mmHg or < 130 mmHg for diabetics
and patients with renal dysfunction) 12 months after random-
ization, a rate higher than that of other trials. In INVEST, al-
most 90% of patients treated for 12 months achieved control
of DBP (< 90 mmHg or < 85 mmHg for diabetics or patients
with renal dysfunction). This is also a favorable result com-
pared with other trials and clinical practice. By measuring re-
sponse rates, as opposed to the mean blood pressure changes
for all patients reported by other clinical trials, the proportion
of patients who have controlled SBP and DBP can be assessed.
Similar to other trials, control of SBP and pulse pressure (a
newly identified important indicator of risk for adverse out-
come) has been difficult in INVEST. These blood pressure 
parameters, however, were controlled more successfully in
INVEST than in other comparative trials and clinical practice.
In the study, control of pulse pressure (to ≤55 mmHg, a very
high threshold) was achieved in the majority (54%) of pa-
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tients. Some current hypotheses suggest that control of pulse
pressure can have a positive effect on prognosis. 

Alderman provided data regarding the relationship of sys-
tolic, diastolic, and pulse pressure to the age-adjusted inci-
dence of coronary vascular events.3 Their study showed that
there is a direct relationship between cardiovascular events and
SBP. The relation between DBP and cardiovascular risk was
less clear. Some data suggest that for patients with high SBP,
an inverse relationship between DBP and cardiovascular
events may exist. Therefore, patients with high SBP and low
DBP may be at increased risk. This risk would be associated
with pulse pressure. Risk increases when pulse pressure is >60
mmHg. Therefore, pulse pressure should be a new target for
antihypertensive therapy. The mechanisms associated with
pulse pressure and risk are unknown. 

Speculation based on preliminary and indirect evidence sug-
gests that increased pulse pressure may be a sign of organ dam-
age and impaired relaxation of the vessel wall. Elevated pulse
pressure is most often observed in high-risk patient groups,
such as smokers, obese patients, and diabetics who have fre-
quently elevated SBP with an increased pulse pressure. 

The 24-h ambulatory blood pressure measurements
(ABPMs) can help clarify the relationship between SBP and
cardiovascular events. When SBP, day-time SBP, and 24-h
ABPMs are compared, risk is greatest for patients with high
nighttime SBP. These patients have the highest incidence of
cardiovascular events within 2 years.

Treatment Intensity

Data from many trials suggest that intensive treatment is
more effective at reducing cardiovascular risk than less inten-
sive treatment. Some of the trials that used more intensive
treatment include the Appropriate Blood Pressure Control in
Diabetes (ABCD) trial,4 the Hypertension Optimal Treatment
(HOT) trial,5 and the United Kingdom Prospective Diabetes
Study (UKPDS).6 These studies analyzed the effect of inten-
sive versus less intensive treatments on the development of
coronary artery disease (CAD). These studies showed that pa-
tients who receive intensive treatment were less likely to de-
velop CAD. Aggressive treatment also reduced the incidence
of stroke.

Specifically, in the HOT study,5 aggressively treated dia-
betics were assessed. In this study, patients who were able to
achieve a DBP to <80 mmHg showed reduced cardiovascular
risk for adverse outcome by about 50%. In general, a reduc-
tion in DBP of 1 mmHg translated into a risk reduction of ap-
proximately 6%. A reduction in DBP of 5 mmHg resulted in a
reduction of cardiovascular risk of 30%. All reductions in
DBP, no matter how small, resulted in an improved prognosis
for the patient.

A debate currently exists regarding the best strategy for car-
diovascular risk reduction. One meta-analysis7 involved stud-
ies that were similar in design to INVEST. Each study com-
pared treatment consisting of a calcium antagonist with 
a diuretic or a beta blocker. This meta-analysis included the
INSIGHT and the NORDIL studies. When the two treatment
regimens were compared, there was no significant difference

in cardiovascular risk. So far, no data from large clinical trials
exist with regard to the calcium antagonist strategy employed
in INVEST. 

The same is true with regard to stroke in the comparison be-
tween calcium antagonists and beta blockers or diuretics.
Some studies suggest that calcium antagonist use may reduce
the occurrence of stroke more than beta-blocker or diuretic use
in hypertensives. However, none of the studies focused specif-
ically on hypertensive patients with CAD. When the overall
cardiovascular rate in both treatment strategies is compared,
there is no difference between the treatment strategies. Clearly,
more data are needed to evaluate the non-dihydropyridine
class of calcium antagonists, such as verapamil. 

INVEST is investigating the theory that combination thera-
py is necessary in a majority of patients in order to achieve the
new targets for blood pressure outlined by The Joint National
Committee on Detection, Evaluation, and Treatment of High
Blood Pressure (JNC VI). Preliminary data suggest that the
number of patients requiring two or more antihypertensive
drugs in order to maintain control of SBP and DBP increases
with time. Following 1 year of treatment in INVEST, approxi-
mately three quarters of the patients require combination thera-
py. This is similar to the data obtained with other clinical trials,
such as the HOT trial.

Conclusions

Based on a review of preliminary data, it appears that the
treatment regimen used in INVEST has been successful at
controlling SBP, DBP, and pulse pressure. The data suggest
that a majority of patients are receiving combination therapy to
achieve blood pressure targets. Data from INVEST suggests
that specific therapeutic strategies can successfully control
blood pressure. As more data reveal more effective strategies
for pharmacologic therapy, improved long-term control of 
hypertension will be achieved.
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Summary: A unique feature of the International Verapamil
SR/Trandolapril Study (INVEST) is the Internet-based, elec-
tronic data capture system developed at the University of
Florida for this trial. This system allows for direct collection of
patient enrollment data, randomization, study drug prescrib-
ing, and real-time monitoring of patient data online. In this 
trial, immediate transmission of patient-specific data occurs
using online data collection forms. Investigators only need a
personal computer with access to the Internet; no complicated
hardware, software systems, or paper storage files are neces-
sary. INVEST is the first large randomized clinical trial to use
electronic prescribing systems in the research setting. Elec-
tronic prescribing eliminates errors associated with illegible
handwriting, inappropriate dosing, and inappropriate medi-
cation choice. Because the INVEST protocol allows flexibili-
ty of medication choice and dosage range within randomly 
assigned treatment strategies based on patient tolerance and
blood pressure response, physician investigators may use indi-
vidual practice patterns and preferences. The electronic sys-
tem provides guidance to physicians relative to the addition of
medication or dosage adjustments within the protocol. Elec-
tronic tracking and reporting mechanisms have enabled inves-
tigators in this complex megatrial to enroll, randomize, and
manage patients in real time with great accuracy. 

Key words: central drug distribution, clinical trials manage-
ment, electronic prescribing, enrollment, INVEST, pharmacy,
randomization

Introduction

The rationale and design of the International Verapamil
SR/Trandolapril Study (INVEST) has been described,1 and
further information regarding this study can be accessed via
the Internet (http://invest.biostat.ufl.edu). Briefly, INVEST is
a phase IV, prospective, randomized, open, and blinded end-
point (PROBE) clinical trial comparing a calcium antagonist
strategy (verapamil SR) with a beta-blocker strategy (atenolol)
for the control of hypertension in 22,599 patients with estab-
lished coronary artery disease (CAD). A total of 862 physician
investigators from around the world enrolled patients, begin-
ning in September 1997 and ending in December 2000. Pa-
tient follow-up is scheduled to conclude in December 2002. 

Electronic Data Capture—Interaction System

A unique feature of INVEST is the Internet-based, electron-
ic data capture system that allows for completion of patient en-
rollment, randomization, study drug prescribing, and real-time
monitoring of patient data online. All site investigators have
direct and continuous access to the system via the World Wide
Web. Immediate transmission of patient-specific data is pos-
sible with online data collection forms, which allow the ad-
ministrative coordinating center, the pharmacy coordinating
center, the sponsor, and other units (IRB, DSMC, etc.) to re-
ceive secure data without delay. Passwords and an encryption
system, similar to that used by banks during wire money trans-
fers and automated teller machine transactions, ensures the se-
curity of all information during the data-transfer process. 

The management of hypertension is complex, especially
among patients with coexisting CAD, and often requires mul-
tiple medications and aggressive dose escalation to achieve
the Joint National Committee on Detection, Evaluation, and
Treatment of High Blood Pressure (JNC VI) blood pressure
control targets. Because the protocol allows flexibility of med-
ication choice and dosage range within the protocol-defined
strategy based on patient tolerance and blood pressure re-
sponse, INVEST physician investigators may use individual
practice patterns and preferences. The electronic system can
provide guidance to physicians if they need to increase dosage
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of a medication or add new medications to compensate for a
patient’s uncontrolled blood pressure, and helps to assure pro-
tocol compliance. 

Because INVEST uses an electronic data capture system
and commercially available antihypertensive medications, it
is uniquely suited for the special electronic prescribing and
centralized drug distribution system developed at the Univer-
sity of Florida for this trial. Centralization was difficult be-
cause of the international composition of the trial. A central-
ized system would have required each participating country
to comply with the regulations of every other country. As a 
result, prescribing and dispensing procedures were custom-
ized specifically for each participating country. This article
describes the prescribing and dispensing procedure devel-
oped for the United States (including Puerto Rico), where
17,154 (76%) of all INVEST patients were enrolled.

Electronic Prescribing

Electronic prescribing of medications2,3 has been approved
by about one half of the states in the United States. As a result,
pharmacies in those states can legally fill prescriptions that are
received electronically from a licensed physician. Using vari-
ous insurance formularies, electronic prescribing can elimi-
nate errors associated with illegible handwriting, inappropriate
dosing, and inappropriate medication choice. Based on these
advantages, the Institute for Safe Medication Practices has
called for the elimination of handwritten prescriptions by
2003.4 Despite the obvious advantages, most physicians in the
United States do not use electronic prescribing. Use is limited
in part because electronic systems are not currently available
in many patient care areas and because specialized software
systems are required to communicate with particular pharma-
cies. Furthermore, most U.S. physicians are not familiar with
electronic prescribing and, because of this lack of familiarity,
would not voluntarily choose an electronic system over the tra-
ditional paper mode. Electronic prescribing should increase as
hand-held devices become more common, as software sys-
tems are developed to interface with them, and as the systems
become more user friendly. 

Even though electronic prescribing systems have been
available for many years, INVEST is the first large, random-
ized clinical trial to use one in the research setting (Fig. 1).
With this system, all site investigators have access to real-
time data 24 h a day. Investigators do not need complicated
hardware and software packages; the only requirement is ac-
cess to the Internet via a common web browser and Internet
provider. Medications and dosages allowed by the study pro-
tocol are programmed into the system so that all prescriptions
are necessarily based on the strategy the particular patient is
randomized to receive. All prescriptions are automatically ad-
judicated by the pharmacy upon transmission. Prescriptions
printed and archived by the pharmacy are processed immedi-
ately, and are legible, appropriate, and delivered direct to the
patient’s home. At the time of this writing, INVEST site inves-
tigators in the United States have issued more than 80,000
electronic prescriptions, all transmitted direct to a central mail-
order pharmacy contracted to process the prescriptions for the
study. These prescriptions are randomly reviewed in real time
by the INVEST pharmacy coordinating center staff for appro-
priate dose escalation based on blood pressure response and
other quality assurance measures. 

Centralized Drug Distribution

INVEST offers a total of 41 different dosage regimens to
site investigators to control blood pressure in patients enrolled
in INVEST. Because of the large number of treatment op-
tions, centralized research drug distribution was developed.
Without centralized distribution, investigators would have
been required to use a large amount of office space to store the
treatment options, and many medications would have expired
before reaching patients. 

A mail-order pharmacy with electronic prescription service
capabilities, Express Pharmacy Services (EPS), of Largo,
Florida, was selected to process all INVEST prescriptions in
the United States. The study sponsor (Abbott Laboratories/
Knoll AG) provided EPS with branded study medication
(Isoptin SR®, Mavik®, and Tarka®) that was used to fill elec-
tronic study prescriptions. Generic brands were utilized for

Patient data entry
(via Internet)

Real-time randomization
(via Internet)

Study drug(s) and dose selection
(via Internet)

Study drug prescription data transferred
to EPS mail-order pharmacy

Study drug prescription verification
(via Internet)

Study drug prescription filled and
verified by pharmacist

Study drug mailed to patient’s home
(via first-class mail)

Patient returns pre-paid postcard
acknowledging receipt of study drug

Random prescription review by
INVEST PCC (via Internet)

FIG. 1 Electronic prescribing via the Internet in the INternational VErapamil SR/trandolapril STudy (INVEST). Abbreviations: EPS = Express
Pharmacy Services, PCC = pharmacy coordinating center.
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atenolol and hydrochlorothiazide. At the time of this writing,
EPS had dispensed approximately 13.6 million tablets of study
drug pursuant to the 80,000 electronic prescriptions received
for patients in the United States enrolled in INVEST. Rapid
and ongoing accountability of study medications is possible
because EPS provides daily electronic reporting of all pre-
scriptions that have been filled. Additional tracking of medica-
tion occurs at the patient level. Express Pharmacy Services in-
cludes a self-addressed, prepaid postcard with each package of
study medication sent to a patient’s home, so that patients can
acknowledge receipt of medications as they are delivered. 

Conclusion

The development and use of central study drug distribution
and electronic prescribing systems has allowed INVEST to
enroll and manage a large number of patients rapidly through-
out the world. In the United States and Puerto Rico, the
Internet-based, electronic data capture system allows for
completion of patient enrollment, randomization, study drug
prescribing, and real-time monitoring of patient data online.
In addition, electronic tracking and reporting mechanisms

have enabled the drug accountability process to occur with
great accuracy in real time at many levels. Research physi-
cians and pharmacists can check the accuracy of what was
prescribed and dispensed by use of the electronic system,
which can then be confirmed by the patient’s postcard ac-
knowledgment. This technology has enabled the investigators
in this complex megatrial to enroll, randomize, and manage
patients in real time with great accuracy. 
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Enhancing Clinical Trials on the Internet: Lessons from INVEST
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Summary: The INternational VErapamil SR/trandolapril
STudy (INVEST) is the first long-term, large-scale clinical tri-
al being conducted primarily using Web-based technology.
The Web is a powerful tool for enhancing clinical trial man-
agement because of its ability to centralize all study informa-
tion and coordinate multiple trial processes in real time at low-
er cost. The result is improved efficiency, accuracy, and safety
in clinical trials conduct. In Web-based clinical trials, sites are
able to focus primarily on medicine and science, rather than on
trial administration. Site training, study documentation, sub-
ject recruitment, randomization, medication dispensing, and
management procedures are simplified by using Web-based
software to enhance processes. This paper summarizes the ad-
vantages achieved for INVEST investigators, sponsor repre-
sentatives, monitors, and subjects resulting from the central-
ization and coordination of multiple tasks through Web-based
technology.

Key words: clinical trials management, Internet, INVEST 

Introduction

The INternational VErapamil SR/trandolapril STudy 
(INVEST) is a Phase IV hypertension clinical trial that is

unique in its use of the Internet to enhance clinical trials pro-
cesses. Beginning in the Fall of 1997, INVEST was the first
large-scale, truly Web-based clinical trial. Many subsequent
clinical trials have used the Internet, primarily for electronic
data capture (EDC),1,2 or for site management, but INVEST is
unique in its comprehensive use of the Web to enhance trial
processes beyond EDC. Also, having enrolled 22,599 patients
at 862 sites in 14 countries, INVEST is considerably larger in
Web utilization than any other clinical trial in the world to date.
Finally, INVEST is the longest running Web-based clinical tri-
al in the world. Most Web-based trials to date have been of
short duration, generally lasting for less than a year. INVEST
is now completing its fourth year and patient follow-up will
continue until Decemeber 2002. 

This paper will summarize the advantages brought to the
INVEST sponsor, investigative sites, and subjects through
leading edge technology.

The Internet as a Clinical Research Tool

Historically, the clinical trials process has been inefficient,
time consuming, and error prone. The sponsor and principal 
investigators (PIs) did not have timely information regarding
clinical trial activity because many activities were decentral-
ized; that is, conducted at many locations with information
stored locally at each site, without opportunity for the sponsor
or PI to observe directly. Furthermore, disparate trial activities,
such as randomization, medication dispensing, and safety
monitoring, were conducted independently of each other.

The Web, however, has changed the paradigm for clinical
trials management.3 The Web allows for centralization of in-
formation from multiple processes in real time, which leads to
immediate oversight and improved coordination of all parties
involved. In INVEST, all clinical trial constituents worldwide
exchange study information in real time (see Fig. 1). We be-
lieve that the Web-based processes used in INVEST will re-
sult in increased efficiency, accuracy, and safety in the clinical
trials process.

Site Hardware and Software

Many clinical trials require proprietary hardware and soft-
ware systems generally provided to investigators by the spon-
sor. To participate in a clinical trial, investigators and their
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staffs have needed to learn entirely new computing systems.
Physicians wishing to participate in multiple clinical trials
from multiple sponsors would require separate computing sys-
tems for each study. In addition to being extremely inefficient,
this process greatly disrupted clinical practices. Using the
Web, however, no proprietary hardware or software is required
at the site; only a personal computer (PC) with Internet access
is necessary. A unique aspect of INVEST is that investigators
received a contemporary computer with Internet access in-
cluded, which provided a standardized computing environ-
ment for investigators. This standardization was required for
INVEST because in 1997 and 1998, access to the Web and
computing hardware was quite varied. Today, computers with
Web access are generally available in most physician offices or
can be easily obtained. Web-based clinical trials offer a gain in
efficiency because the dependency on proprietary hardware
and software systems is eliminated.

Training

Investigator training is also simplified through the Web. 
INVEST provided training on Institutional Review Board
(IRB) issues and case report form (CRF) completion. The
Web system documented that each investigator satisfactorily
completed the demonstration training program before being
allowed to enroll subjects into INVEST. Our experience with
Web-based training illustrates the opportunity to eliminate
travel to a central location for training and, furthermore, to
document the result of a training exercise for each investigator.
Using the Web, training can occur at home, at the office, at
night, on weekends, all at the convenience of each individual
investigator. The investigator’s success at learning about the
science and protocol of a trial can be documented over the
Web. In addition, investigator knowledge regarding the IRB
process, informed consent, and principles of good clinical
practice (GCP) can be documented over the Web. Online train-
ing can ensure that the appropriate knowledge has been ob-
tained before the investigator can begin trial participation. 

Monitoring

Monitoring is also a major component of all clinical trials. It
is expensive to have monitors visit each site, and there is a
complex process for the monitor to supervise trial activity.
Using the Web, monitors can observe activities of the trial in
real time from anywhere in the world. Subject enrollment, for
example, can be monitored from any location as it occurs. In
addition, the sponsor, PI, and monitors have real-time access to
extensive reports regarding trial conduct. 

Utilizing real-time monitoring, site investigators are given
the support and continued education they need. This allows is-
sues to be resolved quickly, before becoming major problems.
In a Web-based clinical trial, monitors still visit sites but the
process changes. In INVEST the monitor knows much about
the site’s performance before visiting. Each audit is performed
more to document what is already known rather than to learn
for the first time how the site is performing. The result is a
greatly enhanced relationship between site investigators and
the monitors, and a vastly improved process. 

Randomization

Randomization in INVEST involves assigning an eligible
subject to a strategy beginning with either a calcium antagonist
or a beta blocker. Either trandolapril or hydrochlorothiazide
can be added as necessary. In a clinical trial, randomization of
a subject generally requires a minimum of 15 to 20 min, either
by opening an envelope with a code for each specific study
treatment or, more likely, calling a toll-free phone number and
obtaining the randomly assigned group through an interactive
voice recognition system (IVRS). In INVEST, randomization
is seamlessly integrated into the enrollment process and is
completed in about 20 to 30 s. The result of the randomization
is automatically stored in the central computer server at the
University of Florida. Because randomization is completely
automated, no site monitoring is required of this procedure.
On-line randomization is an example of an important process
improvement for the site, resulting in reduced administrative
work and errors committed.

Medication Dispensing

Another unique feature of INVEST is that no medications
are managed at the investigative sites in the U.S. Prescriptions
are generated electronically and transferred electronically to
the mail-order pharmacy. A mail-order pharmacy was con-
tracted for management of INVEST medications. This is a
new paradigm for management and distribution of research
medications. Because INVEST is a Phase IV clinical trial 
using only currently marketed medications, a commercial
mail-order pharmacy can be used for medication dispensing.
A more thorough description of this process is included else-
where in this supplement.4

Briefly, immediately following randomization of a subject
in INVEST, a screen of protocol-specific options for dose
titration or additional protocol-approved drugs appears on the
investigator’s computer screen. A specific treatment option is
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FIG. 1 INVEST trial constitutents who may benefit from the Web-
based system. DSMB = Data and Safety Monitoring Board, FDA =
Food and Drug Adminstration, IRB = Institutional Review Board.
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suggested, according to the titration strategy indicated in the
study protocol.5 The treatment option is determined by soft-
ware using information regarding the subject’s disease state,
blood pressure control, and length of time in the study. The in-
vestigator may choose to follow the recommendation or to
modify it according to his/her clinical judgment. Figure 2
shows an example of the beta-blocker options. A few clicks of
the mouse by the site investigator document the medication
plan for the subject. 

In INVEST, investigators do not receive, manage, or dis-
tribute medications at their practice. Investigators do not need
to maintain the paperwork associated with the medications.
The result is that no monitoring is required for medication
management or dispensing. Centralized medication prescrib-
ing is another example of an important process improvement
for the site, adding efficiency and accuracy by replacing much
human administrative effort through technology. 

Medical Summary

At the completion of a subject enrollment or follow-up vis-
it in INVEST, a complete medical text summary is provided
for all information entered during that clinical visit (Fig. 3).
The medical summary also incorporates free text entered by

the investigator during the subject visit that is not needed for
the science of the clinical trial but is useful to the investigator
regarding the subject. Note that in a trial with more regulatory
constraints, the free text information may not be permitted.
The printed medical summary provides a clear, complete, and
correct description of the subject visit. The medical summary
is the record of this subject visit and must be printed, signed,
and filed. An important note is that the medical summary com-
pletely agrees with the research database since the medical
summary is generated from information in the database. 

Security

Security in clinical trials involves maintaining all study-
related information at the investigator sites and at the central
site for study coordination. Study information includes vol-
umes of CRFs and related documents that are handled by
many individuals, all of whom must understand proper securi-
ty procedures for managing the information. The Web-based
security offered in INVEST greatly simplifies security issues.
All access to INVEST data and related information is through
the central web site to the server at the University of Florida.
Each person accessing information must have an approved
unique user identification (ID) and password that identifies in-
formation and data they may access, read, and possibly write.
Acceptance of the user ID and password by a person indicates
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FIG. 3 Medical summary for INVEST subject enrollment.FIG. 2 INVEST non-calcium antagonist care strategy titration form.
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that they accept responsibility for all information entered un-
der that user ID and password; this serves as their electronic
signature for all clinical trial-related activity. All information
transferred between the central computer server at the Univer-
sity of Florida and site constituents is fully encrypted using
standard RSA 128 bit encryption methods or 40 bit for inter-
national transmissions. The result is much greater security for
information transfer than that in any previous system. 

All data entered into the computer server are automatical-
ly identified regarding who provided the information, when,
from where, and how. The Web-based system automatically
creates an audit trail of all clinical trial activity, in that every
keystroke made is preserved in the system. The audit trail al-
lows the study to be recreated for any point in time and pre-
vents unauthorized manipulation of data.

Moving from a clinical trials system that is decentralized
with minimal control and supervision to a totally audited cen-
tralized process fundamentally changes the relationship of in-
vestigators to the clinical trial data and greatly improves the
process for all constituents from sites to the sponsor and regu-
latory agencies.

Reporting Adverse Events

The Web is a great tool for enhancing the reporting of ad-
verse events (AEs). In INVEST, an AE is reported on a stan-
dard CRF specific for that purpose. Needed information re-
garding seriousness of the AE and resolution is requested.
When the AE is submitted to the database, the Web-based
technology used in INVEST immediately notifies designated
safety officials of any serious AE via email. Follow-up by the
appropriate safety official occurs more quickly. The result is a

more efficient AE-reporting process, leading to improved sub-
ject safety in clinical trials.

Site Conduct 

The Web greatly reduces the amount of administrative
work at the investigative site. In INVEST, a site receives no
paperwork after signing a standard paper contract. All needed
study information is provided over the Internet. The subject
enrollment process is a complete integration of eligibility,
medical history, physiologic data, randomization, medication
prescribing, and a full textual medical summary of all collect-
ed information. 

The study protocol is online and can be printed if desired.
For each data element on each CRF, there is a link to the need-
ed information for that data element from the protocol by
clicking on the “?” appearing before each data element (Fig.
4). Thus, all information is available for the research staff as
needed, enhancing study efficiency, accuracy, and saving pa-
per. As described earlier, site efficiencies are also gained by
eliminating randomization and medication dispensing from
site responsibilities. The result is an improved site operation in
terms of efficiency and accuracy of work, in addition to en-
hanced subject safety.

Site Benefits

In Web-based clinical trials, sites focus on medicine and sci-
ence and have little administration and bureaucracy to contend
with. A major benefit to sites is the tremendous decrease in pa-
per for the conduct of clinical trials. Paper is only generated
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FIG. 4 Online study protocol reference accessible for each data element.
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when investigators print out completed CRFs, subject medica-
tion prescriptions, medical summaries, and documentation re-
quired for events. This reduction in site responsibilities from
replacing paper and human processes with Web-based auto-
mated processes will encourage more physicians to partici-
pate in the clinical trial process. A total of 862 sites are active
in INVEST and over 50% were new to clinical research.
Process changes leading to gains in site efficiency and accura-
cy through Web-based technologies allow and will change
the paradigm of clinical trials conduct.3

In clinical trials, it is typical for the investigator to wait 6 to
8 weeks before the first visit from a trial monitor. With Web-
based trials, monitors know how the trial is progressing from
the beginning. If the enrollment process or conduct of the tri-
al needs to be modified, investigators can be notified imme-
diately. This allows monitors to be more proactive and sup-
portive of education at sites, rather than reactive to problems
that have been discovered. Ultimately, a more professional
and positive relationship is facilitated between the investiga-
tors and monitors. Also, the number and length of monitor
visits are reduced. For sites and sponsors both, efficiency is
gained in the capture of clinical data, reporting of adverse
events, approval and monitoring of the site, and the sponsor
management of the trial.

Sponsor Benefits

An important benefit of Web-based clinical trial manage-
ment for the trial sponsor is the access to real-time manage-
ment reports. These reports allow sponsors to monitor sites
worldwide, ensuring that the trial progresses in an accurate
and efficient manner. Sponsors can identify and resolve
queries and problems quickly using Web-managed commu-
nications. For example, sponsors in both Ludwigshafen,
Germany, and Gainesville, Florida, have access to informa-
tion regarding screening rates and failures, study enrollment,
follow-up rates, study schedule, and medication dispensing.
Using this information, sponsors can improve the coordina-
tion of the clinical trials process. 

Safety Benefits

Web-based clinical trials also enhance the safety of study
subjects. In INVEST the IRB is an online trial partner, and
can monitor the trial in real time. The IRB has permissions in
the Web-based system providing the IRB responsibility to 
approve a site investigator to participate after all paperwork is
in order. Similarly, the IRB has system permissions to remove
a site’s access to the Web-based system if it identifies any
problematic trial behavior. The IRB also conducts its annual
renewals via the Internet, bringing much efficiency to the pro-
cess in this international clinical trial. Using these tools pro-
vided via the Internet, the IRB can react quickly to any safety
issues that arise in INVEST. 

In addition, subject safety is monitored more efficiently be-
cause the sponsor and PI have access to all AE information in
real time as described earlier.

Results

The web provides an opportunity to monitor the clinical tri-
al in real time in a number of areas through regular reports
made available in real time to appropriate study constituents.
Table I provides a daily report automatically generated and
sent via email to the sponsor and principal investigators. This
report documents site activity for November 27, 2000. The
main information is the number of enrollments (Visit Number
1) and follow-up visits (2–10). It also identified visits made by
telephone and off-protocol visits (Medical Management).
Substantial additional information is provided that is useful to
those responsible for study conduct.

The goal in INVEST was to accomplish subject enroll-
ments within 20 min and follow-up visits within 10 min. En-
rollment combines subject eligibility determination and then
collecting the same information at later follow-up visits. Table
II provides daily information for the week of November 13,
2000, summarizing eligibility and follow-up visit times for
that week. The report provides the mean and median eligibil-
ity times, as well as the 75, 90, and 100% eligibility times. It
documents for this week that the typical eligibility determina-
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TABLE I Report of INVEST daily activity in enrollment and follow-
up visits

INVEST Activity Within the Last 24 Hours For

27NOV00

Total number of sites with enrollment permission: 1000

Of those sites:

989  have IRB activation

914  have completed the demo

906  ready to enroll

Total number of sites currently enrolling: 764

Total number of sites with 1 or more enrollments: 866

Total # of successful patient enrollments: 21957

The following new visits occurred:

Visit Number Number
--------------------------------------------

Phone 2
Medical Management 8
1 11
2 17
3 22
4 5
5 12
6 4
7 3
8 1
9 0
10 1
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tion took about 7 min, and 75% of eligibility determinations
were completed within the desired 10-min goal. Similar statis-
tics indicate the 10-min goal for follow-up visits is also met us-
ing the Web system. Reviewing this report on a weekly basis
ensured that the study was meeting time goals for investigators
to complete eligibility and follow-up visits.

On a global basis, the sponsor, PIs, and regional directors
needed information about study enrollment. Figure 5 illus-
trates an example of the “drill-down” report available in real
time to appropriate study constituents. Experts in CAD and hy-
pertension were recruited as regional directors and, in turn re-
cruited specialists (cardiologists and internists) in their region
who, in turn, helped recruit additional site investigators. Figure
5A provides study enrollment figures by defined study regions
in the world, with specific names and regions removed for this
report. This report would be updated immediately each time a
subject was successfully enrolled in INVEST. The result is
real-time access to accurate enrollment figures. To follow-up
for a specific region, the user would click on the Site ID and
Figure 5B would be produced with enrollment figures for that
region. Note that this report also indicates the last date a subject
was enrolled under each specialist in that region. To follow up
on a specific specialist from this report, the user would click on
that Site ID, and Figure 5C would be produced. This report
summarizes activity for investigators under that specialist and
allows easy email access to an individual investigator by click-
ing on their email address (omitted from this report).

These reports illustrate the type of results that can be pro-
duced in real time in Web-based clinical trials. This informa-
tion indicates the opportunities available to monitor the trial
and ensure that enrollment and other study activities remain on
schedule.

Discussion

Clinical trials management has traditionally been ineffi-
cient, time consuming, and costly. Data collection typically
involved hand recording of information on CRFs, transport by
batch of CRFs to the data coordinating center, and single- or
double-data entry into the computer system. This was fol-
lowed by verification and validation of the data. Any data 
errors or inconsistencies revealed had to be followed up with
the investigator and corrected. The process was slow, expen-
sive, and error prone. It required extensive review by monitors,
which is one of the most expensive facets of a clinical trial.
Site investigators, sponsors, and monitors did not get feedback
on trial progress or problems in a timely manner; however,
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TABLE II Weekly report of daily eligibility determination and fol-
low-up visit times

Performance Statistics Summary

Eligibility Statistics (minutes)

N Mean Median 75% 90% 100%
2000
Monday 11/13 89 8 5 9 16 55

11/14 69 8 7 9 12 25
11/15 84 7 6 9 14 40
11/16 74 8 6 8 14 47
11/17 83 6 6 8 9 31

Visit Statistics (minutes)

N Mean Median 75% 90% 100%
2000
Monday 11/13 348 10 6 10 19 47

11/14 337 9 7 10 16 58
11/15 279 10 7 11 19 63
11/16 338 10 8 12 20 49
11/17 370 9 7 11 15 64

FIG. 5A Trial activity summary by regional director.

(B)

FIG. 5B Regional director activity summary by specialist for the region.

(A)
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timely information is essential in a clinical trial, especially in
trials where safety and efficacy are major issues.

Subject randomization, prescribing, dispensing of medica-
tions, and the reporting of safety information are also prone
to inefficiencies and errors. This is particularly true for large,
multicenter clinical trials that have added complexities be-
cause of geographical dispersion of sites and resources.
However, multicenter trials that often cross international
boundaries are necessary when a large number of patients is
required, such as in INVEST, or when the disease entity be-
ing studied is rare.2, 6

Networked computers and EDC have previously been 
used to enhance various aspects of multicenter trial operation.
Prior to wide availability of the Internet, the European myo-
cardial infarction study, Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico (GISSI-3),7, 8 had 100
sites connected by modem and had enrolled over 17,000 pa-
tients. The system was developed to enhance data entry and
checking, data security, and communication between sites.
Other studies have used the Internet primarily for EDC,1,2 and
only a few studies to date have documented additional clinical
trial activities benefited by the Web.6, 9 INVEST is the first
multicenter clinical trial to use the Internet exclusively to co-
ordinate multiple trial activities.

The Web-based system developed at the University of
Florida and used to run INVEST was designed to revolution-
ize the way clinical trials would run.3 We believe INVEST il-
lustrates the major improvements in efficiency and accuracy
that can be achieved compared with traditional paper-based
clinical trials. The benefits accrue from the opportunities to
centralize all information and coordinate the multiple activi-
ties in a clinical trial.

Because of the enhancements brought to the research pro-
cess through the Web-based system, INVEST has been able to
recruit community-based practicing physicians as site investi-
gators. About half of our 862 physician investigators were

first-time researchers and are able to participate as effectively
as experienced researchers. Because of the more “real-world”
physicians involved, INVEST enrolled “real-life” patients
more reflective of the general hypertension population. Note
that INVEST provides a much better representation of females,
Blacks, and Hispanics than other traditional clinical trials.10

Conclusions

Web-based clinical trials bring sites, sponsors, and all trial
constituents together through online real-time information that
is available in a clinical trial such as INVEST. The major para-
digm shift involves the centralization of all study information
and coordination of the multiple processes associated with
clinical trials through improved technology. Clinical investi-
gators should become more interested in clinical research be-
cause their focus becomes more on leading-edge medicine and
science and much less on administration. The result is a clinical
trials process that is safer, more efficient, and more accurate. 
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How Will INVEST and Other Hypertension Trials Change Clinical Practice? 
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Summary: Three large, ongoing, international clinical trials
will greatly improve our understanding of hypertension man-
agement. The trials, which include the INternational VErap-
amil SR/trandolapril STudy (INVEST), the Antihypertensive
and Lipid Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT), and the Controlled ONset Verapamil INvesti-
gation of Cardiovascular Endpoints (CONVINCE) trial, en-
rolled a combined total of 81,649 patients over a 7-year period
from 18 different countries in North America, South America,
Europe, and Australia-Asia. The mean age of all subjects was
66 years, and the mean body mass index (BMI) was 29.5. In
addition, 30% of all patients had diabetes and 43% had docu-
mented coronary artery disease (CAD). In INVEST, 100% of
enrolled patients had documented CAD and 27% had dia-
betes. Of patients treated for 12 months in INVEST, a systolic
blood pressure (SBP) <140 mmHg was achieved by 70% of
nondiabetics, and 66% of patients with diabetes achieved that
level. Of all the patients enrolled in the three trials, 38% were
smokers, 25% had a history of myocardial infarction (MI) or
stroke, and 52% had a history of dyslipidemia. 

Although these clinical trials are likely to influence treat-
ment guidelines, they may not affect the way medicine is prac-
ticed. A survey of primary care physicians found that 41% 
had not heard of or were not familiar with the Joint National
Committee on Detection, Evaluation, and Treatment of High
Blood Pressure (JNC VI) guidelines. The JNC VI and Euro-
pean guidelines provide management strategies based on sev-
erity of coronary risk factors, target organ damage, and blood
pressure levels. Primary care physicians have a responsibili-
ty to be educated about risk stratification, goals of treatment
based on risk, and management strategies for hypertension
from available treatment guidelines. 

Key words: clinical trials, hypertension, INVEST, practice
guidelines, risk stratification, treatment strategies

Introduction

Three large, ongoing, international clinical trials will greatly
improve our understanding of hypertension management. The
trials, which include the INternational VErapamil SR/tran-
dolapril STudy (INVEST),1 the Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT),2

and the Controlled ONset Verapamil INvestigation of Cardio-
vascular Endpoints (CONVINCE) trial,3 enrolled a combined

Of patients treated for 12 months in INVEST, preliminary
data show that 70% of nondiabetics achieved an SBP <140
mmHg, and 66% of patients with diabetes achieved that level.

total of 81,649 patients over a 7-year period from 18 different
countries in North America, South America, Europe, and
Australia-Asia. It is likely that these three trials will impact fu-
ture clinical practice guidelines. In this report, the hypertensive
patient will be characterized by assessment of baseline infor-
mation published from these trials. In addition, guidelines from
the Joint National Committee on Detection, Evaluation, and
Treatment of High Blood Pressure (JNC VI) and the European
Societies of Cardiology, Atherosclerosis, and Hypertension, as
well as current physician practice patterns will be reviewed.
Finally, knowledge gained from recent and ongoing clinical tri-
als will be discussed.

ALLHAT

ALLHAT is a randomized, double-blind, active-controlled
clinical trial in the United States, Canada, Puerto Rico, and
the US Virgin Islands that will compare the effectiveness of
newer antihypertensive agents versus traditional antihyperten-
sive treatment with diuretics.2 Between February 1994 and
January 1998, 42,448 patients from 625 sites were enrolled
into one of four treatment groups. Patients were randomized
into chlorthalidone, amlodipine, lisinopril, and doxazosin
treatment groups in a 1.7:1:1:1 ratio, respectively. Based on a
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subsequent recommendation from the ALLHAT Data and
Safety Monitoring Board (DSMB), the doxazosin scheme
(9,067 patients) was discontinued. Reasons for this discontin-
uation have been detailed previously in the literature.4 Systolic
blood pressure (SBP) treatment goal was < 140 mmHg, and
diastolic blood pressure (DBP) goal was < 90 mmHg. The
primary outcomes of treatment included nonfatal myocardial
infarction (MI) and cardiovascular death. 

CONVINCE

The CONVINCE study enrolled 16,602 patients from
centers around the world between September 1996 and
December 1998. Subjects were randomized in a 1:1 ratio 
to receive extended-release verapamil or the investigator’s
choice of atenolol or hydrochlorothiazide. Like ALLHAT,
the blood pressure treatment goal for the CONVINCE study
was < 140 mmHg for SBP and < 90 mmHg for DBP. The pri-
mary outcomes of the CONVINCE study included fatal and
nonfatal stroke, fatal and nonfatal MI, and other cardiovascu-
lar death. The planned follow-up of this trial, however, was
terminated early.

INVEST

INVEST enrolled 22,599 patients with hypertension and
coronary artery disease (CAD) from around the world between
September 1997 and December 2000. This trial compares the
effectiveness of verapamil SR versus atenolol, with or without
trandolapril and/or hydrochlorothiazide. Subjects were en-
rolled into the two treatment arms in a 1:1 ratio. INVEST is the
first large, randomized, clinical trial in hypertension to employ
JNC VI guidelines as treatment goals. The SBP goal is <140
mmHg and the DBP goal is <90 mmHg for patients who do
not have diabetes or renal disease, and the SBP goal is < 130
mmHg and the DBP goal is <85 mmHg for patients who have
diabetes and/or renal disease. Because INVEST uses the treat-
ment goals outlined in the JNC VI guidelines and a special
Internet electronic data capture and management system, the
results of INVEST are likely to impact future guidelines and
the way future trials are conducted. The primary outcomes of
this trial are nonfatal MI, nonfatal stroke, or death.

Characterizing the Hypertensive Patient

The three large clinical trials—ALLHAT, CONVINCE,
and INVEST—combined to enroll 81,649 subjects in North
America, South America, Europe, and Australia-Asia. Table I
contains highlights of the baseline demographic characteris-
tics from the three studies, and Table II summarizes blood
pressure treatment goals and treatment strategies from the
three studies. Fifty percent of all patients enrolled in these tri-
als were women. At baseline, the subject population included
patients with many CAD risk factors. The mean age of all sub-

jects was 66 years, and the mean body mass index (BMI) was
29.5. In addition, 30% of all patients had diabetes and 43% had
documented CAD. In INVEST, 100% of enrolled patients had
documented CAD, and 27% had diabetes. Of all the patients
enrolled in the three trials, 38% were smokers, 25% had a his-
tory of MI or stroke, and 52% had a history of dyslipidemia. At
baseline, only 22% of enrolled patients had controlled SBP
and DBP (according to individual study-defined BP goals),
even though 88% of patients were receiving treatment for hy-
pertension at the time of enrollment. 

JNC VI Treatment Guidelines

The JNC VI guidelines used evidence-based medicine and
scientific consensus to report on contemporary approaches for
the prevention and control of hypertension for use by primary
care physicians.5 The primary goals of JNC VI were to in-
crease awareness of hypertension, to improve the treatment
and control of hypertension, and to decrease the morbidity and
mortality of stroke and CAD. Primary care physicians and car-
diologists, who were not expert hypertensionologists, were the
target audience of JNC VI. The JNC VI committee provided
guidance regarding major risk factors, target organ damage,
and clinical cardiovascular disease (CVD). The major risk fac-
tors are well known and include smoking, dyslipidemia, dia-
betes mellitus, and an age of > 60 years. Men and postmeno-
pausal women are at risk, as are women who are <65 years
and men who are >55 years who have family history of CVD. 

TABLE I Comparison of baseline characteristics of the enrolled pop-
ulations in the Antihypertensive and Lipid Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT), the Controlled ONset Verap-
amil INvestigation of Cardiovascular Endpoints (CONVINCE) trial,
and the INternational VErapamil SR/trandolapril STudy (INVEST)

ALLHAT CONVINCE INVEST 
(%) (%) (%)

Female 47 56 52
Black 36 7 14
Hispanic 19 7 37
Documented CAD 26 8 100
Diabetes 36 20 27
Mean age 67 66 66
Mean BMI 30 a 29
Prior smoking history 40 23 46
Dyslipidemia b 31 53
Prior stroke c 5 5
Prior MI c 8 32

a Not reported.
b Reported mean total cholesterol = 5.6 mmol/l.
c Reported combined prior MI/stroke = 23%.
Abbreviations: CAD = coronary artery disease, BMI = body mass 
index, MI = myocardial infarction.
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Target Organ Damage

Target organ damage and clinical CVD include damage 
associated with left ventricular hypertrophy (LVH), angina
pectoris, prior MI, prior revascularization, heart failure, renal
disease, nephropathy, peripheral arterial disease, retinopathy,
and any kind of vascular accident, stroke, or transient ischemic
attack (TIA). 

Risk Groups

The JNC VI guidelines divided all patients into one of three
categories, labeled A, B, and C. Risk group “A” includes pa-
tients who have no major risk factors, no target organ damage,
and no clinical evidence of CVD. Patients in risk group “B”

must have evidence of at least one major cardiovascular risk
factor, without evidence of diabetes, target organ damage, or
clinical CVD. Risk group “C” includes patients who are at the
highest risk for CVD-related morbidity or mortality. All pa-
tients in risk group “C” have target organ damage or clinical
evidence of CVD; they may or may not have had diabetes, and
they may or may not have additional risk factors. 

Management Strategies

The JNC VI guidelines provided initial management
strategies for patients according to risk group and blood pres-
sure level (Table III). Because patients in risk group A were at
minimal risk, only lifestyle modifications were indicated for

The Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
Reprinted from Ref. No. 5 with permission.

Blood pressure
stages (mmHg) Risk group A* Risk group B† Risk group C‡

High–normal (130–139/85–89) Lifestyle modification Lifestyle modification Drug therapy||

Stage 1 (140–159/90–99) Lifestyle modification Lifestyle modification§ Drug therapy
    (up to 12 mo)    (up to 6 mo)

Stages 2 and 3 (≥160/≥100) Drug therapy Drug therapy Drug therapy

* Group A: No risk factors and no target organ disease/clinical cardiovascular disease.
† Group B: At least 1 risk factor not including diabetes and no target organ disease/clinical cardiovascular disease.
‡ Group C: Tagret organ disease/clinical cardiovascular disease and/or diabetes with or without other risk factors.
§ For patients with heart failure, renal insufficiency, or diabetes.
|| For patients with multiple risk factors, clinicians should consider drugs as initial therapy plus lifestyle modifications.

TABLE III Hypertension risk stratification and treatment

TABLE II Comparison of treatment goals and strategies associated with the Antihypertensive and Lipid Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT), the Controlled ONset Verapamil INvestigation of Cardiovascular Endpoints (CONVINCE) trial, and the INternational
VErapamil SR/trandolapril STudy (INVEST)

ALLHAT CONVINCE INVEST

SBP goal (mmHg) <140 <140 <140 or <130 for diabetes and renal dysfunction
DBP goal (mmHg) <90 <90 <90 or <85 for diabetes and renal dysfunction
Treatment strategies Step 1—double blind, Step 1—double blind, Step 1—open label, randomized:

randomized: randomized: Verapamil SR (Isoptin, Knoll AG/ 
Chlorthalidone (1.7) Controlled onset extended Abbott Laboratories) (1) vs. atenolol (1)
vs. amlodipine (1) vs. release verapamil (Covera HS; Both strategies also contain trandolapril and/or 
lisinopril (1) vs. Searle Pharmaceuticals) (1) vs. hydrochlorothiazide which may be prescribed 
doxazosin (1) physician directed choice of at Step 1 as necessary based on patient 
Step 2—open label: hydrochlorothiazide (HCTZ) characteristics
Reserpine or clonidine or atenolol (1) Step 2 and beyond—includes an increase in 
or atenolol Step 2 and beyond—includes either dose or number of study agents or the 
Step 3—open label: an increase in either dose addition of nonstudy agents necessary to achieve 
hydralazine or number of agents necessary BP control

to achieve BP control

Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood pressure, BP = blood pressure.
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the group. However, patients in risk group C (maximum
risk), who had a blood pressure of 130–139/85–89 mmHg,
were advised drug therapy as an initial intervention in addi-
tion to lifestyle modification. 

For blood pressure levels in the range of 140–159/90–99
mmHg, lifestyle modifications were advised in all three risk
groups. In addition, drug therapy was indicated immediately
for risk group C. Pharmacologic intervention was also recom-
mended for risk group B, if target blood pressure levels were
not achieved within 6 months, and in risk group A, if target
blood pressure levels were not achieved within 12 months. 

Immediate drug intervention was advised for all patients
with a blood pressure level >160/100 mmHg, regardless of
risk group. 

Drug Choices

JNC VI also suggested some compelling initial drug choic-
es for certain diseases (Table IV). These therapeutic choices
were based on the consensus of randomized controlled trials.
For heart failure, angiotensin-converting enzyme (ACE) in-
hibitors and diuretics were recommended as first-line therapy.
For MI, beta blockers without intrinsic sympathomimetic ac-
tivity (ISA) and ACE inhibitors were suggested, particularly in
patients with systolic dysfunction. The ACE inhibitors were
also recommended by JNC VI for patients with type 1 diabetes
mellitus and proteinuria. In older patients with isolated systolic
hypertension, diuretics were preferred, and long-acting dihy-
dropyridines and calcium antagonists were also recommend-
ed for older patients with this condition.

The guidelines also suggest that if the initial drug choice
does not help the patient achieve the target blood pressure of
140/90 mmHg, and the patient experienced no response or
troublesome side effects, a drug from a different class should

be substituted. If the target blood pressure was not reached but
the drug was well tolerated, a second agent should be added.
This drug should be a diuretic, if not already used. Treatment
of hypertension often requires the use of two drugs, and
sometimes three or four. Additional agents from other drug
classes should be added as necessary to achieve target blood
pressure. Also, referral to a hypertension specialist should 
be considered.

Guidelines of the Second European Task Force 

The European guidelines were assembled by the Second
Joint Task Force of European and other Societies on Coronary
Prevention, which was composed of the European Societies of
Cardiology, Atherosclerosis, and Hypertension.6 The purpose
of the European guidelines was to reduce the risk of major
coronary heart disease or other atherosclerotic disease events,
thereby reducing premature disability and mortality and pro-
longing survival. Primary goals were similar to but not exactly
the same as JNC VI. Like JNC VI, the European guidelines 
included lifestyle modification and a blood pressure level of
<140/90 mmHg as primary goals. In addition, goals included 
a total cholesterol level of 5 mmol/l (193 mg/dl) and a low-
density lipoprotein (LDL) level of 3 mmol/l (116 mg/dl).
Cholesterol goals were not included in JNC VI, but may be in-
cluded in JNC VII. The European goals were to be achieved
by changes in lifestyle first, and then by addition of pharmaco-
logic therapy if necessary. 

Risk stratification in the European guidelines was based on
comorbidities and target organ damage, and is very similar to
but not exactly the same as the JNC VI guidelines. Like JNC
VI, the European guidelines suggest treatment of elevated
blood pressure based on the severity of hypertension and car-
diac risk, and the degree of target organ damage. 

Physician Practice Patterns

In August 2000, Hyman and Pavlik reported the results of a
physician survey that was conducted to measure awareness of
national hypertension management guidelines.7 It was surpris-
ing that 41% of the physicians who returned the survey had not
heard of or were not familiar with the JNC VI guidelines, and
43% reported that they would not treat SBP until it was >160
mmHg. For middle-aged patients with few risk factors, 33%
of physicians would not start drug therapy unless the DBP was
>95 mmHg, and 43% would not treat unless the SBP was
>160 mmHg. Logistic regression showed that familiarity with
the guidelines was associated with low treatment thresholds,
and physicians familiar with research methods were more
likely to use diuretics or beta blockers as first-line agents.

The European Action on Secondary and Primary Preven-
tion through Interventions to Reduce Events (EUROASPIRE)
II produced results similar to Hyman and Pavlik’s survey. 
EUROASPIRE II was a survey performed among patients
with CHD to assess the use of lifestyle and drug therapies in
the management of major risk factors for recurrent CHD.8

Table  IIIInitial drug choices for the treatment of hypertension

Uncomplicated hypertension
• Beta blockers
• Diuretics

Compelling indications
• Heart failure

ACE inhibitors
Diuretics

• Myocardial infarction
Beta blockers (nonintrinsic activity)
ACE inhibitors (with systolic dysfunction)

• Diabetes mellitus with proteinuria
ACE inhibitors

• Isolated systolic hypertension (older persons)
Diuretics preferred
Long-acting dihydropyridine calcium antagonists

The Sixth Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure.
Reprinted from Ref. No. 5 with permission.
Abbreviation: ACE = angiotensin-converting enzyme.

TABLE IV
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Between September 1999 and February 2000, 5,500 patients
from 15 countries were interviewed after hospitalization for
bypass surgery, angioplasty, or new or recurrent MI. 

Practice parameters determined that in EUROASPIRE II,
21% of patients were smokers. Forty-eight percent of patients
had a BMI between 25 to 30, and BMI was >30 in 31% of 
patients. Fifty-one percent had an SBP >140 or a DBP >90;
49% of patients with a blood pressure level <140/90 were
taking antihypertensive medication; 58% of patients had a to-
tal cholesterol level >5 mmol/l (193 mg/dl); and 51% of pa-
tients on lipid-lowering medications had a total cholesterol
level <5 mmol/l (193 mg/dl). EUROASPIRE II determined
that there is a high prevalence of unhealthy lifestyles and
modifiable risk factors, and an inadequate use of prophylactic
drug therapies found in the patients with CHD throughout
Europe. The potential to raise the standards of preventative
cardiology in Europe and to reduce coronary mortality and
morbidity is considerable. 

Blood Pressure Control

Regarding the control of blood pressure, the ALLHAT tri-
al reported that, within 2 years, 61% of patients treated with
chlorthalidone reached the target blood pressure of <140/90
mmHg, and 54% of patients treated with doxazosin reached
that level. ALLHAT has not yet reported data for the other
treatment groups.4 In the 3-year follow-up report for the
CONVINCE trial, 68% of patients reached the target SBP of
< 140 mmHg, and 91% reached a DBP of <90 mmHg.3 In
INVEST, of those patients treated for 12 months, 70% of non-
diabetics achieved an SBP <140 mmHg, and 66% of patients
with diabetes achieved that level. Diastolic blood pressure
was <90 mmHg in 89% of nondiabetics and 90% of diabet-
ics. Only 39% of patients with diabetes lowered SBP levels to
the JNC VI goal of <130 mmHg, but 83% achieved a DBP of
< 85 mmHg (preliminary unpublished data, 2001).

A meta-analysis of 10 trials evaluated the response of
blood pressure to first-line treatment with monotherapy of a
beta blocker or a diuretic.9 This analysis included over 11,000
patients. The response to therapy diuretics was 67%, but re-
sponse to beta blockers was only 33%. 

Lessons from Clinical Trials

Regarding the management of hypertension, many lessons
have been gained from clinical trials. The Hypertension Opti-
mal Treatment (HOT) study showed that a DBP level of 80
mmHg is associated with decreased cardiovascular events and
mortality.10 The Nordic Diltiazem (NORDIL) study demon-
strated that calcium antagonists were as effective as diuretics
and beta blockers in lowering blood pressure and reducing car-
diovascular events and mortality.11 In the SYSTolic hyperten-
sion in EURope (SYST-EUR) trial,12 any decrease in SBP of
20 mmHg was associated with a 42% reduction in total stroke
and a 26% reduction in cardiac events. This reduction even 

included patients in whom SBP was reduced from 170 mmHg
to 150 mmHg. Therefore, there are benefits to lowered blood
pressure, even when JNC VI target levels are not achieved. 

We also know from clinical trials that multidrug therapy 
is required to achieve blood pressure control. In both 
CONVINCE3 and INVEST (preliminary unpublished data,
2001), 75% of patients are taking more than one drug. It is
possible in INVEST, using a structured protocol and titration
guidelines, to control elevated blood pressure in a majority of
the patients treated for 12 months. In Hispanics, blood pres-
sure has been controlled very successfully as well.13 It is un-
clear whether this is due to genetics or aggressiveness on the
part of physicians caring for the Hispanic patients.

Need for Education

Cardiologists and primary care physicians have a responsi-
bility to be educated about hypertension and coronary disease.
In many instances, cardiologists are the primary care physi-
cians for patients with coronary disease. Specialists do not see
a large proportion of patients with hypertension and CHD;
therefore, primary care physicians must be educated. As Hy-
man and Pavlik showed, 41% of primary care physicians have
never even heard of JNC VI.7 In addition, patients must be 
educated about lifestyle modifications and the significance of
elevated blood pressure. Patients must know what it means to
have high blood pressure and what they can do about it. 

Conclusion

Physicians must speculate regarding why patients do not
achieve target blood pressure goals. There are many reasons
why a patient might not be successful at reaching target blood
pressure levels. One reason might be baseline blood pressure
levels. A patient who has a blood pressure of 190/110 mmHg
might be more difficult to manage than a patient with a level of
150/95 mmHg. This seems true intuitively; however, it must be
confirmed by the clinical data. Confirmation might be within
INVEST’s large database of information. Another reason
might be BMI. However, in INVEST, some patients with a low
BMI have hypertension. Other reasons blood pressure might
be difficult to manage include diabetes, age, race, genetics, and
the use of therapy at entry. INVEST is closely exploring the 
relationship between each of these factors and hypertension.
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Questions and Answers Related to the INternational VErapamil SR/trandolapril
STudy (INVEST)

What is INVEST?

The INternational VErapamil SR/trandolapril STudy 
(INVEST) is an ongoing international, multicenter, prospec-
tive, randomized, controlled clinical trial comparing a calcium-
antagonist treatment strategy (verapamil SR) with a noncal-
cium-antagonist treatment strategy (atenolol) for the control of
hypertension in a primary care  patient population with coro-
nary artery disease (CAD). In this study, 22,599 patients were
enrolled between September 1997 and December 2000 by 862 
investigators from around the world. The study is in the follow-
up phase and should be completed in December of 2002.
Further information regarding INVEST can be accessed via
the Internet (http://invest.biostat.ufl.edu).

What are the treatment strategies used in INVEST?

The calcium-antagonist-based strategy uses verapamil SR
at an initial dose of 240 mg/day. After 6 weeks, an angioten-
sin-converting enzyme (ACE) inhibitor (trandolapril) may 
be added at a dose of 1–8 mg/day. If blood pressure remains
uncontrolled, a diuretic (hydrochlorothiazide) may also be
added at a low dose (12.5–25 mg/day). Physicians may in-
crease the dosage of the verapamil SR/trandolapril combina-
tion and the diuretic, as necessary, to control blood pressure.
The calcium-antagonist strategy may use trandolapril at any
time if required for a special population (diabetes, left ventric-
ular dysfunction, renal insufficiency).

The noncalcium antagonist-based strategy does not con-
tain a calcium antagonist. Hypertension management is initi-
ated with a beta blocker (atenolol) at a dose of 50 mg/day. If
blood pressure targets are not achieved, a diuretic (hydro-
chlorothiazide) may be added at a low dose (12.5–25 mg/day),
then the ACE inhibitor (trandolapril) (1–8 mg/day) may be
added. In both strategies, physicians are prompted to increase
doses of the calcium antagonist, the beta blocker, the diuretic,
and/or the ACE inhibitor as necessary to achieve target blood
pressure values. Target blood pressures are <140/<90 mmHg
in general, and <130/<85 mmHg for those special popula-
tions identified in the Joint National Committee on Detection,
Evaluation, and Treatment of High Blood Pressure (JNC VI). 

What are the objectives of the study?

The primary objective of this trial is to examine the hypoth-
esis that hypertension treatment with a calcium antagonist-
based treatment strategy is equivalent or superior to a noncal-
cium antagonist-based treatment strategy in terms of the risk
for adverse outcomes in hypertensive patients with document-
ed CAD. The primary adverse outcome is a composite of
death, nonfatal myocardial infarction, or nonfatal stoke. 

The secondary objectives are to determine that these hyper-
tension care strategies are at least equivalent in the control of
blood pressure and symptoms of myocardial ischemia, and in
the number of major adverse experiences.

What is unique about INVEST’s approach to data 
management?

INVEST uses a specially designed electronic communica-
tion and data management system on the Internet; therefore,
the study does not require the use of paper. Web-based clini-
cal trials offer many advantages for investigators, monitors,
patients, and sponsors. The risks of error are minimized by
providing on-screen protocol data entry and randomization
information. Monitors, sponsors, and investigators have ac-
cess to all data in real time, 24 h a day. The system is capable
of controlling drug dispensing and modification of prescribed
drug and dose. The start-up time of INVEST was minimized
because of reduced training times, and no complex hardware
or software installations were necessary.

Why is INVEST likely to affect future hypertension 
management guidelines? 

INVEST is the first clinical trial to use the JNC VI guide-
lines as goals for therapy. The JNC VI guidelines set a blood
pressure goal of <140/90 mmHg for patients who do not have
diabetes or renal failure. For patients with preexisting diabetes
or renal failure, the target blood pressure is <130/85 mmHg.
With 22,599 patients enrolled in the trial, INVEST will re-
veal much new information regarding the attainability and
benefits of the JNC VI guidelines. Furthermore, with this
sample size, there are adequate numbers of diabetics, Hispan-
ics, obese patients, and other special populations to draw
meaningful conclusions. 

Are there any preliminary data available on cardiovascular
outcomes that have taken place in the enrolled population?

For the overall trial (both treatment groups), the blood pres-
sure control rates appear excellent when compared with other
completed clinical trials and clinical practice. Overall, the car-
diac event rate in the study is approximately 2.5% per year
among randomized patients. These data are preliminary, but the
cardiac event rate is as expected when the study was designed. 

Will the Web-based clinical design of INVEST eliminate
the need for monitor visits in clinical trials? 

Monitoring visits will continue to occur in clinical trials, but
the process will likely change. Monitors will still be required
to confirm that data in a patient’s medical record agree with
data entered in a database. In addition, monitors will be re-
quired to check informed consent forms and other documents.
However, monitoring visits will be fewer in number and more
efficient as a result of electronic data entry. Because monitors
will have access to site data prior to the visit, they will be more
efficient at the site in reviewing source documentation and
complete the monitoring visit in an expedited manner. 
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