Chapter 2
Cardiovascular Risk in Subjects
with Carotid Pathologies
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Abstract Although atherosclerotic disease often becomes clinically evident only
in one particular vascular distribution during a person’s lifespan, it is an ubiqui-
tous process, that can be detected in all arteries, depending on the diagnostic test
adopted and the threshold chosen. Disease of the carotid arteries is frequent and
the present chapter will focus on the correlation of this pathology with coronary
heart disease.
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Disease of the carotid arteries is frequent. Among the 5,201 subjects aged 65 years
or older enrolled in the Cardiovascular Health Study, detectable carotid stenosis
was present in 75% of men and 62% of women, although the prevalence of >50%
stenosis was low: 7% in men and 5% in women [38].

Although atherosclerotic disease often becomes clinically evident only in one
particular vascular distribution during a person’s lifespan, it is an ubiquitous pro-
cess, that can be detected in all arteries, depending on the diagnostic test adopted
and the threshold chosen [48].

We shall review this problem focusing on the following points:

1. Carotid disease is an index of diffuse atherosclerosis, including coronary heart
disease (CHD).

2. For this reason, cardiovascular risk and CHD are to be reckoned within patients
with (a) symptomatic cerebrovascular disease (CVD), that is transient ischemic
attack (TIA) or stroke, (b) asymptomatic CVD, (c) candidates for carotid
endarterectomy.
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3. Controversies about need for CHD testing in patients with CVD and measures to
be taken in case of positive testing.

4. Role of the intima-media thickness (IMT) of the carotid artery in detecting
occult coronary artery disease (CAD).

2.1 Carotid Disease is an Index of Diffuse Atherosclerosis,
Including Coronary Heart Disease

Disease that is manifest at one site increases the chances that it will be found at
other vascular beds as well.

Pathological studies support this concept. In 200 consecutive medicolegal autopsies
Mathur et al. found a significant correlation between the coronary and intracranial
arterial beds. Coronary atherosclerosis appeared to develop first, about 20 years earlier
than cerebral atherosclerosis [36].

Another study collected 1,042 complete sets of cerebral arteries (intracranial and
extracranial), coronary arteries, and aortas from autopsied persons 10-69 years of
age [51]. On a group basis there was an association between the amount of raised
lesions in one artery and that in another. However, on an individual basis there was
only a slight degree of association between extent of raised lesions in either aorta
or coronary arteries and that in the carotid arteries and there appeared to be no
correlation between either aorta or coronary arteries and the other cerebral arteries.
The conclusion was that “it seems impossible to predict in individual cases the amount
of atherosclerosis in the cerebral arteries from the amount of lesions in the aorta and
the coronary arteries.”

Again, from 803 consecutive autopsies of neurologic patients, Gongora-Rivera
et al. [21] reported a prevalence of coronary stenoses >50% in 37.5% of 341
patients with stroke. Pathologic evidence of myocardial infarction was found in
40.8%. Two-thirds of cases of myocardial infarction were clinically silent.

In a prospective series of 506 patients with extracranial CVD, coronary arterio-
graphy revealed significant CAD (=70% stenosis) in 37% of patients with clinical
evidence of ischemic heart disease, compared with 16% of those without [31].

The REACH registry included 67,888 patients from North America, Latin
America, Western and Eastern Europe, Middle East, Asia, Australia, and Japan.
These were outpatients aged 45 or older, with established clinical CAD, CVD, or
peripheral vascular disease, or with at least three atherosclerotic risk factors, defined
as follows: diabetes mellitus, high blood pressure, hypercholesterolemia, current
cigarette smoking, ankle-brachial index of less than 0.9, asymptomatic carotid steno-
sis (12,389 patients). Polyvascular disease (clinical, symptomatic disease coexistent
in two or three territories) was recognized in a significant proportion, 15.9% [3].

The age of a patient under scrutiny is important, as there is a well-recognized
tendency for symptomatic CVD to “lag” 10-15 years behind CAD [15, 36]. In a
geriatric population one is not surprised at finding that CAD, CVD, and periph-
eral vascular disease are frequently coexistent [37]. However, in terms of primary
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prevention, the age threshold must be kept low and the carotid artery abnormalities
should be weighed together with the traditional cardiovascular risk factors
(hypertension, diabetes, cholesterol, and smoking).

Subclinical atherosclerosis was examined by means of IMT and coronary cal-
cium calcification (CAC) in more than 4,000 participants of the CARDIA and
MESA studies, aged 32-50 years. The degree of both carotid IMT and CAC, was
significantly higher in subjects with a high calculated lifetime cardiovascular risk,
and showed a higher rate of progression [2].

In conclusion, patients CAD must be evaluated within the context of diffuse, polyvascular

atherosclerosis. Indeed symptomatic carotid disease or >50% obstruction of a carotid
artery is now rightly considered a coronary risk equivalent by the National Cholesterol

Education Program NCEP [24].

What are then the practical consequences of the association? It depends on the
clinical scenario in which we encounter our CVD patient.

2.2 Cardiovascular Risk and CHD in Patients
with Specific Conditions

Cardiovascular risk and CHD are to be reckoned within patients with (1) asymptomatic
CVD, (2) symptomatic CVD, and (3) candidates for carotid endarterectomy.

2.2.1 Asymptomatic CVD

CAD is relatively rare in asymptomatic CVD: its prevalence is estimated to vary from
2 to 8% [20]. Nevertheless, when present, it importantly influences the prognosis.

In patients with asymptomatic carotid stenosis and no history of CAD, who have
diabetes, or peripheral vascular disease, the risk of cardiac events is similar to that
of patients with a history of CAD [9]

In the medical therapy arm of the randomized ACAS study (medical therapy vs.
carotid endarterectomy for >60% asymptomatic stenosis), there was a rate of 3.8
deaths per 100 person-years, of which half were caused by myocardial infarction or
other cardiac diseases [15].

2.2.2 Patients with TIA/Stroke

After a stroke, short-term (<90 days) mortality due to cardiac causes ranges
between 2 and 5% [1]. In the VISTA database, 161 of 864 patients (19%), experi-
enced at least one serious cardiac adverse event (defined as a nonfatal episode of
ventricular tachycardia, ventricular fibrillation, myocardial infarction, pulmonary
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edema/moderate-severe cardiac failure, or cardiac death) within the 12 weeks
following an ischemic stroke. At baseline, 44.7% had a diagnosis of ischemic heart
disease, and 28.5% had suffered from congestive heart failure [42].

The long-term mortality from cardiac causes also is substantial, and sometimes
it is even superior to that caused by recurrent stroke [1].

Already in 1982 from the Framingham study it was known that cardiovascular
disease (congestive heart failure, CHD, and hypertension) was the leading cause of
death for the long-term survivors of a group of 394 stroke victims (57% of whom
had an atherothrombotic brain infarction) [45].

Six hundred seventy-five patients enrolled by the Oxfordshire Community
Stroke Project were prospectively followed up for up to 6.5 years. After a stroke,
the average annual risk of death was 9.1%, 2.3-fold the risk in people from the
general population. After the first year, cardiovascular disease became the most
common cause of death [10].

In the Cardiovascular Health Study, among 546 subjects with first ischemic stroke,
deaths, recurrent strokes, and CHD events were identified over 3.2-year follow-up.
After the first year, the stroke and CHD rates were similar (5.2 and 4.6%, respectively).
Lacunar strokes had the lowest mortality (11.9%) and recurrence rates (4.3%) [26].

A meta-analysis published by Touze et al. included 39 studies with 65,996 patients,
and a mean follow-up of 3.5 years after a TIA and an ischemic stroke. The annual risk
of a myocardial infarction was 2.2%, 1.1% for fatal myocardial infarction [52].

In the Nomas study 655 patients aged >40 years were followed after a stroke.
Median follow-up in survivors was 4 years. There were 86 vascular deaths, including
myocardial infarction (n=17), congestive heart failure (n=8), sudden cardiac
death (n=15), fatal strokes (n=39), and other (n=7). The 30-day mortality rate
was 5.3%. The annual risk of myocardial infarction or vascular death among
30-day survivors was 2% [12]. The risk was strongly associated with the etiology
of the stroke, being highest after an embolic type, and lowest after a lacunar type,
precisely as had been found in the Cardiovascular Health Study [26].

The prevalence of cardiac disease at entry in patients who have suffered from a
TIA/stroke is estimated to be 20-30% [1] but how many have no signs/symptoms
of cardiac disease?

Several small studies have shown that patients with TIA and stroke have a high
prevalence of asymptomatic CHD.

In a 6-month prospective study of 232 patients with cerebral ischemia, 100
(43%) had a prior history of heart disease. In 132 patients without prior
heart disease, 47 (36%) were found to have cardiac disease: 6 atrial fibrillation,
31 cardiomegaly or left ventricular hypertrophy, 9 ischemic heart disease and 1 left
bundle branch block [18].

After a TIA or a mild stroke, of 34 patients without clinical evidence of heart
disease, 14 had abnormal cardiac scans [44].

The exercise test was positive in 26% of 140 patients with cerebral ischemia and
without symptoms or electrocardiographic signs of ischemic heart disease [13].

In 33 patients with no history of CAD, 11 (33%) presented reversible ischemic
defects by thallium-201 scintigraphy scan [35].
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Chimowitz et al. studied 69 patients with TIA or stroke and without overt CAD
with a cardiac stress test (adenosine or dipyridamole thallium myocardial perfusion
imaging, exercise thallium myocardial perfusion imaging, or exercise ECG). The
frequency of abnormal stress tests was 50% (15 of 30) in patients with large-artery
cerebrovascular disease vs. 23% (9 of 39) in patients with other causes of brain
ischemia [8].

Coronary artery stenosis was observed by computed tomography in 25.4% of
stroke patients without previous clinical evidence of CHD [49].

The Stroke Council and the Council on Clinical Cardiology of the American
Heart Association/American Stroke Association estimate that 20—40% of stroke
patients may have abnormal test for silent cardiac ischemia [1].

In conclusion, patients with CVD, both asymptomatic, and after a TIA/stroke
have an increased risk of myocardial infarction and cardiac death.

Patients with an ischemic stroke (except possibly those with a lacunar stroke) and those with
a 50% carotid artery obstruction must be considered to have a coronary risk equivalent [7].

Patients who have suffered from a large-vessel atherosclerotic stroke should be consid-
ered for cardiac screening [1].

2.2.3 Candidates for Carotid Endarterectomy

Of 335 consecutive patients who underwent carotid endarterectomy between 1969
and 1973 at the Cleveland Clinic, fatal myocardial infarction accounted for 60%
of early deaths within 30 days of operation and occurred in 1.8% of the entire
series. Among the patients who survived operation, the 5-year mortality rate was
27%, and the 11-year mortality rate was 48%. Myocardial infarction caused 37%
of the deaths that occurred within 5 years after operation and 38% of the deaths
that have occurred within 11 years. Improvement in actuarial survival (p<0.05)
and reduction in the late mortality rate (p<0.01) were statistically significant for
the subset of patients with suspected CAD who had aortocoronary bypass graft
procedures [30].

At the Mayo Clinic 177 patients who underwent carotid endarterectomy were
stratified as to the presence (n=64) or absence (n=93) of overt CAD or prior myo-
cardial revascularization (n=20) at the time of endarterectomy. 8-year relative
survival was 89% in those without and 75% in those with overt CAD. The cumula-
tive incidence of a cardiac event at 8 years after carotid endarterectomy was greater
in those with overt CAD than in those without (61 vs. 25%, p<0.0001). In multi-
variate analysis, untreated CAD and diabetes were the only independent predictors
of subsequent cardiac events [43].

In the NASCET study, 2,985 patients were randomized either to carotid endart-
erectomy or to medical therapy. In the first month after surgery the rate of cardio-
vascular complications was 8.1 vs. 1.2% in those allocated to medical treatment.
Only a history of myocardial infarction or angina and a history of hypertension
were statistically significant risk factors for medical complications [41].
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The Swedish vascular registry reported a substantial reduction in long-term
survival for 631 asymptomatic patients who underwent carotid endarterectomy.
Among the predictors of decreased longevity were diabetes, cardiac disease, and
previous vascular surgery. Patients with a cardiovascular event after carotid
endarterectomy demonstrated a statistically significant decreased 5-year survival
(2.2% among those alive vs. 11.4% among those dead; p<0.001) [29].

Given this background, at the Cleveland Clinic coronary arteriography before
carotid endarterectomy has been the policy since 1978. In a prospective series of
506 patients (32-94 years old, mean 65) with extracranial CVD and previous neu-
rologic symptoms (N=288) or asymptomatic carotid bruits (N=218), CAD (=70%
stenosis) was documented in 37% of patients with clinical evidence of ischemic
heart disease, compared with 16% of those without. Severe inoperable coronary
disease was especially common (14%) among diabetics [31].

Among the 1,662 patients of the ACAS study (carotid endarterectomy for
asymptomatic carotid artery stenosis), 8.4% had a positive history for CAD, defined
by the presence of angina, myocardial infarction, previous CABG, or an abnormal
electrocardiogram [15].

These observations are confirmed by the aforementioned NASCET study, in
which the risk of combined outcome of severe myocardial infarction and cardiac
death was evaluated according to the baseline history of ischemic heart disease
(angina, myocardial infarction) and of risk factors (age >75 years, history of diabetes,
history of hypertension, smoking in past year, left ventricular hypertrophy on
ECG, myocardial infarction on ECG, or creatinine >115 pmol/L). With history of
ischemic heart disease at entry (1,124 patients), the 5-year risk of combined
outcome of severe myocardial infarction and cardiac death was 16.5%. Without
history at entry (1,691 patients), risk was 6.7%. The 5-year risk of severe myocar-
dial infarction or cardiac death increased to 33.9% for patients with >4 risk factors
(age 275 years, history of diabetes, history of hypertension, smoking in past year,
left ventricular hypertrophy on ECG, myocardial infarction on ECG, or creatinine
>115 pmol/L) plus a history of ischemic heart disease and to 23.5% for those
without history of ischemic heart disease [17].

In addition, patients with EF of 35% or less are at increased risk for perioperative
cardiac complications and reduced overall survival following carotid surgery [27].

Urbinati et al. [53] stratified 172 patients with symptomatic carotid stenosis
70-99% into four groups: (1) no coronary symptoms, no ischemia; (2) coronary
ischemia (by exercise ECG and/or Thallium scanning) without symptoms; (3) unable
to exercise; (4) cardiac ischemic symptoms. Kaplan—Meier estimated curves of
survival free from fatal and nonfatal coronary events were 97, 51, 49, and 59%,
respectively. The rate of events was higher for patients with cardiac ischemia,
whether with or without symptoms (p <0.001, group 1 vs. groups 2 and 3; p<0.01,
group 1 vs. group 4).

In an effort to identify patients at risk, Ombrellaro et al. tested 174 carotid endar-
terectomy patients with preoperative dipyridamole myocardial scintigraphy.
Preoperative histories of myocardial infarction and chest pain were significant
independent predictors of adverse cardiac outcomes (p<0.05) while scintigraphy
was not [40].
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Landesberg et al. [32] reported an observational study of 255 carotid
endarterectomy candidates who underwent Thallium scanning. Those with moderate
to severe reversible defects or with multiple reversible defects were referred for
coronary arteriography and subsequent coronary revascularization. Patients who
underwent coronary revascularization had a survival rate similar to that of patients
with a normal or mildly abnormal thallium scan. Their survival was better than that
of patients with a significantly abnormal scan, who did not receive a coronary
revascularization. It is noteworthy, however, that 47% of the entire group had a
history of ischemic heart disease.

2.3 Controversies About Need for CHD Testing in Patients
with CVD and Measures to Be Taken in Case
of Positive Testing

A general start of how to deal with cardiovascular risk in candidates for carotid
endarterectomy is to follow the ACC/AHA 2007 guidelines on perioperative cardiac
evaluation and care for noncardiac surgery, in which carotid endarterectomy is
classified as bearing an intermediate cardiac risk (1-5%) [16]. In the guidelines
cardiovascular risk evaluation is based on the Revised Cardiac Index [33] and six
steps are suggested:

1. Emergency surgery? = Vital signs, ECG, Blood chemistry = Proceed to surgery.
2. Nonemergent surgery = Active cardiac conditions present? (listed below) =
Cardiac evaluation is recommended:

(a) Unstable angina (CCS class III/IV stable, if sedentary)
(b) Decompensated heart failure (NYHA functional class IV; worsening or new-
onset heart failure)
(c) Significant arrhythmias
* High-grade atrioventricular block
e Mobitz II atrioventricular block
» Third-degree atrioventricular heart block
e Symptomatic ventricular arrhythmias
e Supraventricular arrhythmias (including atrial fibrillation) with uncon-
trolled ventricular rate (HR greater than 100 bpm at rest)
e Symptomatic bradycardia
e Newly recognized ventricular tachycardia

(d) Severe valvular disease

e Severe aortic stenosis
e Symptomatic mitral stenosis

3. Nonemergent surgery, no active cardiac conditions present, Low risk surgery? =
Proceed to surgery.

4. Intermediate risk surgery? (carotid endarterectomy) = Functional capacity
(4 METS, “climbing 1 flight of stairs”).
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5. Low functional capacity? Assess clinical risk factors:

(a) Ischemic heart disease, defined as: class I//Il angina, previous MI, positive
cardiac ischemia test, ECG with abnormal Q waves

(b) History of previous congestive heart failure, presence of peripheral edema,
bilateral rales, S3, or X-ray with pulmonary vascular redistribution

(c) Preoperative insulin treatment for diabetes mellitus

(d) Preoperative creatinine greater than 2 mg/dL

No clinical risk factors = Proceed to surgery.
Risk Factor(s) present: consider testing if it will change management.
To summarize:

1. In a nonemergent condition a minimum work-up should include: History,
Physical Examination, ECG, Blood and urinalysis.

2. An active cardiac condition calls for cardiac consultation.

3. In the absence of active cardiac conditions, an assessment of functional capacity
is recommended.

4. The presence of risk factors does not necessarily call for cardiac testing; this is
“considered” only if the result will change management.

5. History taking is instrumental (active cardiac conditions, clinical risk factors).

Unfortunately point 3 is ambiguous: functional capacity is either assessed rather
imprecisely on clinical grounds (much as the NYHA classification), or it requires
cardiac testing. This leads to the ambiguity of point 4: testing should change man-
agement only if we have reasonable evidence that action taken following the result
of the test will prevent adverse events (myocardial infarction, serious arrhythmias,
acute heart failure) or death. Searching for CAD in individuals with CVD is rele-
vant if the prevalence of CAD in a population is high and if there is a demonstrated
benefit in treating such patients [5, 52]. Such crucial information is at the moment
lacking or conflicting, and the reader is referred to the exchange by Gregoratos and
Brett for an exhaustive review of these points [23].

Although addressed at vascular surgery, not specifically at carotid artery disease,
Kertai has produced a thorough review about whether and how to screen such
patients, and how best to treat them [28].

Finally an attempt is also made at defining the “high-risk cardiac patient” in
relation to carotid endarterectomy. In the SAPPHIRE study it has been defined as
“Clinically significant cardiac disease: congestive heart failure, abnormal stress
test, or need for open-heart surgery” [57].

The recent Controversies in Carotid Artery Revascularization have proposed the
following definition: congestive heart failure (NYHA class III-IV); unstable angina
(CCS class III/IV); myocardial infarction in the last 30 days; severe CAD (left
main, >2 vessel disease); left ventricular ejection fraction <30%; heart surgery
planned in the next 30 days [55].

The merit of different clinical indices of cardiac risk, and their weaknesses are
well explained and discussed by Devereaux et al. [11].
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The optimal management of an asymptomatic CVD patient whose cardiac testing
turns positive is controversial. In fact, revascularization is not recommended in
asymptomatic patients by the guidelines [16].

In patients with stable CAD, prophylactic coronary revascularization before
high-risk noncardiac surgery does not confer any beneficial effects, when compared
with optimized medical management, in terms of perioperative mortality, myocardial
infarction, long-term mortality, or adverse cardiac events [56].

Even in high-risk patients undergoing major vascular surgery preoperative coro-
nary revascularization was not associated with improved postoperative or long-term
outcome compared with the best medical treatment [47].

2.4 Intima-media Thickness of the Carotid Artery
and Cardiac Risk

2.4.1 Correlation with Coronary Angiography

In 1994 Geroulakos et al. examined with high-resolution B-mode ultrasound 75
patients who underwent coronary angiography for assessment of chest pain and 40
normal controls matched for age and sex. The IMT of the common carotid artery
for the controls was 0.71 +0.16 mm and for the patients 0.91+0.18 mm (p <0.005).
In patients with normal coronary angiogram the IMT was 0.73+0.1 mm. In the
group with one-vessel disease it increased to 0.91+0.17 mm (p <0.05), in the group
with two-vessel disease it was 0.96+0.17 mm (p<0.01), and in the group with
three-vessel disease it was 0.99+0.21 mm (p<0.01). There was a significant linear
trend between IMT and the number of involved vessels (p<0.0001, r=0.44) [19].

Kafetzakis et al. reported in their study of 184 patients submitted to coronary
angiography and to duplex ultrasonography of the carotid, femoral, and popliteal
arteries. IMT of the carotid and femoral arteries were independent predictive fac-
tors of obstructive CAD [25].

2.4.2 Correlation with Cardiac Events

The association of preexisting CHD, CVD, and peripheral vascular disease with
carotid and popliteal IMT (measured by B-mode ultrasound) was assessed in 13,870
subjects enrolled in the Atherosclerosis Risk in Communities (ARIC) Study.
A substantially greater arterial wall thickness was observed in middle-aged adults
with prevalent cardiovascular disease. Both carotid and popliteal arterial IMT were
related to clinically manifest cardiovascular disease affecting distant vascular beds,
such as the cerebral, peripheral, and coronary artery vascular beds [6].
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In the Rotterdam study, the risk of myocardial infarction increased 43% per
standard deviation increase (0.163 mm) in common carotid IMT. The risk was
particularly increased in subjects with an IMT in the upper quintile of the distribu-
tion (0.908 mm) relative to the reference category (0.75 mm), but the association
between IMT and risk of myocardial infarction did not show a clearly linear
pattern. Those who developed myocardial infarction had at baseline a higher
prevalence of hypercholesterolemia and diabetes, and had more frequently suffered
already from a heart attack, so that adjustment for cardiovascular risk factors
attenuated the magnitude of the associations and their statistical significance [4].

The combined measure of IMT was significantly associated with the risk
of myocardial infarction in 5,858 participants to the Cardiovascular Health
Study, whose carotid arteries were evaluated with high-resolution B-mode
ultrasonography [39].

A meta-analysis in 2007 confirmed that carotid IMT is a strong predictor of
future vascular events, both stroke and myocardial infarction [34].

However, after reviewing 18 studies, Wald and Beswick [54] concluded that
neither carotid plaque nor IMT is sufficiently discriminatory between affected and
unaffected individuals to be a worthwhile screening test for CHD. While it is true
that the relative risk is higher for those with a very high IMT compared with a very
low IMT, this only confirms that an association is present. Because the groups being
compared are mutually exclusive, and most people in the middle of the distribution
are not considered in the analysis, the value of the ultrasound exam as a screening
test is low, in the range of that of serum cholesterol or diastolic blood pressure.

Needless to say, the quality of the ultrasound study must be kept high [14] in
case of therapeutic decisions. For IMT measurement, it should meet the criteria
meticulously described by the American Society of Echocardiography, which has
produced a specific protocol [50] (Table 2.1).

Table 2.1 Highlights
Coronary artery disease must be evaluated within the context of diffuse,
polyvascular atherosclerosis

Patients with cerebrovascular disease, both asymptomatic, and after a TIA/stroke
present an increased risk of myocardial infarction and cardiac death

Symptomatic carotid disease or >50% obstruction of a carotid artery is a coronary
risk equivalent
Patients who have suffered from a large-vessel atherosclerotic stroke
should be considered for cardiac screening
Carotid endarterectomy is an intermediate cardiac risk surgery:
1. In a nonemergent condition a minimum work-up should include:
History, Physical Examination, ECG, Blood, and urinalysis
2. An active cardiac condition calls for cardiac consultation
3. In the absence of active cardiac conditions, an assessment
of functional capacity is recommended
4. The presence of risk factors does not necessarily call for
cardiac testing, that should be considered only if the result will change management
5. History taking is instrumental (active cardiac conditions, clinical risk factors)
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2.5 Conclusions

In summary, the increased attention to cardiac (coronary) conditions in patients
with carotid disease is wholly justified both for subjects with asymptomatic dis-
ease, patients after a TTIA or stroke, and patients before a planned carotid endart-
erectomy (and afterwards).

This increased awareness should translate in more stringent primary and
secondary prevention of the atherosclerotic disease [22, 24, 46].

Whether one should screen for CAD the patient with carotid disease who has
no cardiac symptoms, but significant risk factors, the test to be adopted, and
which therapy should be subsequently implemented are issues that await the
results of controlled clinical trials.
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