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Background and Review of Literature:
It has been suggested on the basis of epidemiological data'’ that each 1 percent

reduction in the level of low-density lipoprotein (LDL) cholesterol results in a
reduction of 1.0 to 1.5 percent in the risk of major cardiovascular events. In trials of
LDL-lowering strategies, a reduction of 12 to 38 percent in the LDL level has resulted
in a relative reduction in risk of 19 to 35 percent. Similarly in an epidemiologic
analysis of risk related to high-density lipoprotein (HDL) cholesterol, an increment of
1 mg per deciliter in the HDL level has been associated with a reduction of 2 to 4
percent in the risk of cardiac events that is independent of the LDL level. If the
benefits of raising the HDL level and lowering the LDL level are independent and of
similar magnitude, as the results of several trials imply,** then simultaneous
therapeutic alterations of 30 to 40 percent in the levels of these lipoproteins should

theoretically reduce the risk of events by 60 to 80 percent.

Among lipid modifying drugs which acts beneficially towards all subfractions of
lipids for varying extents, 3-hydroxy 3-methyl glutaryl co-enzyme A reductase
inhibitors (the statins) and Niacin® have the best records for improving cardiovascular
outcomes in clinical trials. Many well controlled trials have shown statins to produce
dose dependent reduction in LDL cholesterol and modest elevations in HDL
cholesterol. In major trials statins have shown to prevent cardiovascular events
including myocardial infarction and death’.

As there are robust evidences that LDL cholesterol lowering reduces risk for
Coronary Heart Disease both in setting of primary and secondary prevention the
primary goal of therapy is targetted to LDL cholesterol. This is reflected in the Adult
Treatment Panel III (ATPII)report on detection, evaluation and treatment of high
blood cholesterol in adults’ ATPIII targets LDL cholesterol as primary goal of
therapy and defines cut points for initiating treatment.

The ATPIII report has established the metabolic syndrome (Table 1)as the second
‘target of therapy which represents a constellation of lipid and nonlipid risk factors of
metabolic origin. The treatment approaches toward this include weight reduction and
increased physical activity In patients with elevated triglycerides the Non-HDL

cholesterol is targeted as a secondary target.



Table. 1

Clinical Identification of the Metabolic syndrome
Risk Factor Defining Level -
Abdominal Obesity

Waist circumference

Men . > 102cm (40 in)
Women > 88 cm (35 in)
Triglycerides » 150 mg/dL
HDL

Men < 40 mg/dL
Women < 50 mg/dL
Blood Pressure > 135/85 mm Hg
Fasting glucose > 110 mg/dL

Low HDL Cholesterol: Low HDL cholesterol is a strong independent predictor of
CHD. In ATPIII this is defined as a level < 40 mg/dL. As per the present treatment

guidelines there is no targeted goal for HDL raising (Table.2). Although clinical
trials' results suggest that raising HDL will reduce risk, the evidence is insufficient to
specifiy a goal of therapy. Also data showing currently available drugs to robustly
raise HDL is found wanting.
Table.2

ATP III recommendations for low HDL

1. Primary target of therapy is LDL cholesterol

2. Weight reduction and increase physical activity

3. If Triglyceride elevated treat the non-HDL goal

4. Consider drugs for HDL raising (Niacin or Fibrates)
| Esp. In CHD/Risk equivalent patients.




Table.3 The effects different drug classes on lipid levels

Drug Class Lipid Effects Side-effects Clinical trial
results
HMG CoA | LDL |J18-55% | Myopathy,Increased liver Reduced major
reductase HDL :T5-1 5%, Enzymes.Peripheral coronary
inhibitors TG | 17-30% neuropathy. events, CHD
(statins)* deaths, need
for coronary
procedures,
stroke, and
total mortality
Bile acid LDL |[115-30% | Gastrointestinal distress Reduced major
Sequestrants | HDL | 13-5% Constipation Decreased coronary events
TG No absorption of other drugs and CHD
change or deaths
increase
Nicotinicacid | LDL | 5-25% Flushing,Hyperglycemia Reduced major
HDL | 115-35% | Hyperuricemia,(or gout) coronary
TG | 120-50% | Upper Gl distress events, and
Hepatotoxicity, Rhinitis, possibly total
Pruritus and rash. mortality*
Fibric acids LDL |15-20% Dyspepsia,Gallstones Reduced major
HDL | 710-20% | Myopathy,Unexplained coronary events
TG | l20-50% | non-CHD deaths in WHO
study




Niacin (Nicotinic Acid)

Niacin was first introduced as a lipid lowering drug in 1954. Since then studies have

shown data on reduction in non-fatal myocardial infarction and all cause mortality.'
(The Coronary drug Project- JACC 1986) But two issues have prevented Niacin from
being extensively used in present clinical practice. Niacin had a significant incidence
of unpleasant side effects, the cutaneous reactions and flushing being the most
common . Initial reports suggest flushing to be as common as 80-90%. Also this form
of Niacin had to be dosed very frequently and hence compliance rates were low. Also
the availability of statins, a potent class of drugs which promptly and predictably
lowered LDL cholesterol with excellent safety and tolerability shifted the focus to
statins.

Niacin functions in the body after conversion to nicotinamide adenine
dinucleotide (NAD) in the NAD coenzyme system. The increase in HDL by Niacin is
associated with a shift in the distribution of HDL subfractions (* HDL2:HDLS3 ratio)
and an increase in lipoprotein a [Lp(a)] content. The mechanism of action of Niacin is
not well defined. It may involve several actions including partial inhibition of release
of free fatty acids from adipose tissue, and increased lipoprotein lipase activity, which
may increase the rate of chylomicron triglyceride removal from plasma. Niacin
decreases the hepatic synthesis of VLDL and LDL.

Different forms of Niacin.

Basically there are two forms of Niacin preparations available. The 'immediate
release’ and the 'slow release' Niacin. The immediate release Niacin has to be taken
frequently with meals and had reportedly more adverse reactions especially
prostaglandin mediated flushing and leads to lesser compliance . Hence prolonged
release forms were formulated. The sustained release forms were thought to have
more of hepatic toxicity. A newer slow release preparation , the 'Extended Release'
form which is an intermediate form which release over 8-10 hours is found to have
less side effects with equal efficacy.® Table 4 summarises the features of different

preparations.



Table.4 Preparations of Niacin
- Immediate Release Delayed Release
- Crystalline form Sustained Release (SR)
| Controlled Release (CR) or
Extended release.(ER)
Proven effectiveness on lipid | New formulations. Studies
lowering on efficacy emerging.
Need for multiple daily Single daily dosing
dosing with food
Compliance low Compliance Good
Flushing +++ Flushing+
Concerns about
Hepatotoxicity . Reportedly
least with ER form.
? Less effect on lowering
Triglycerides with SR/CR

Precautions advised while considering Niacin therapy:

Patients with hepato-biliary disease are to be observed closely for worsening. Diabetic
or pre-diabetic subjects may experience a dose related rise in glucose intolerance. In
using for a patient with Acute Myocardial Infarction or unstable angina particularly
when vasoactive drugs are simultaneously used, gradual dosing with observation is
mandatory. In patients with Gout, disease worsening may occur. Very small
proportion may have reduction in platelet count or prolongation of Prothrombin time

on anticoagulants. Caution is advised in presence of renal dysfunction.'’

Treatment of Hyperlipidemia with combined Niacin Statin Regimens:

This approach provides marked LDL reduction and favourable changes in HDL and
lipoprotein (a). Table 5 summarizes the present data on combined Niacin and Statin
trials. There is paucity of data with Atorvastatin and Niacin combination.

Several case reports have suggested higher incidence of myopathy (As high as
2%) Recent prospecitve trials have not supported this and found combination to be
safe.”'"'® Table 6 summarises the incidence of adverse reactions in the prospective

" trials with combination treatment.



Table. 5

Studies on Niacin and Statin combination therapy

Study Statin Niacin [N Duration [ JLDL- [
type of C HDL-C

therapy | % %
Weeks

Davignon et al” | Pravastatin SR1-2g |36 88 41 16

1994 40mg ‘

Jacobson et al “* | Fluvastatin IR<3g |38 9 40 28

1994 20mg

Vacek et al ©* Lovastatin 20mg | SR 1.2g | 25 12 37 -

1995

O keefe et al® Pravastatin IR 3g 21 18 25 29

1995 20mg

Gardner et al” Lovastatin 20mg | IR 1.5g | 14 4 30 27

1996

Pasternak et al”’ | Pravastatin SR1.5- |40 30 39-44 | 17-20

1996 40mg 3g

Gardner et al ® | Pravastatin IR1.5g |16 4 33.5 13

1997 20mg

Brown et al ©* Lovastatin 40mg | IR/ SR |29 28 57 27

1997 2

Brown et al”” Simvastatin 10- |[IR2-4¢g | 160 144 42 26

2001 20mg

Capuzzietal © | Rosuvastatin ER 1-2g | 270 24 43 17-24

2003 40mg

SR- Sustained Release, IR- Immediate release, ER-Extended release.

Table. 6 Incidence of Side-effects in Niacin-Statin combination

Side-effects Percentage incidence *

Flushing 10% (Delayed release) 8-80% (varied
reports for IR forms)

Head-ache 11%

Dyspepsia 5%

Diarrhoea 5%

Rhinitis 4%

Nausea,vomiting 4%

Rash 4%

Pruritus 3%

Biochemical: SGPT, SGOT elevation (>2 1%

times.)

Hepatitis Isolated reports only.

Low serum Phosphorus 2-4%

Myopathy Isolated reports. None reported in 8

Asymptomatic Rise in CPK
Fall in platelet count
Elevation in uric acid

recent trials (>300 patients)
2-4%

0.5%

1 1%

*At moderate doses of statin and 1.5 gm Niacin daily.
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Lipoprotein (a)

A genetically determined lipoprotein in human blood, is one of the most powerful and
independent risk factor for premature CAD as well as other arterial disease. The mean
levels are reportedly three times higher in Asian Indians than in Chinese and
Caucasians.A recent meta-analysis of reported prospective studies supports an
independent predictive power for elevated Lp(a)'®

Serum Lp(a) is relatively resistant to therapeutic lowering. Statin group of drugs are
ineffective. Among currently available drugs only nicotinic acid reduces Lp(a)
concentrations. In postmenopausal women, estrogen therapy also causes some
reduction in Lp(a) concentrations. At present no clinical trial evidence supports a
benefit from lowering Lp(a) levels with any pai'ticular agent.

Despite limitations in measurement and therapy, some authorities believe that Lp(a)
measurement is a useful addition to the major risk factors for identifying persons at

still higher risk."
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Aim of Study:

To assess the efficacy and safety of combination therapy of Niacin (Extended
Release-Once daily) and Atorvastatin, and to compare the effects of this combination

on various lipid sub fractions with respect to Atorvastatin monotherapy.

Study Design:

The study design was presented in its full protocol before the Ethics committee of this
institute and was started after the formal approval by the committee. This open
labelled trial prospectively enrolled coronary artery disease patients who require
treatment with a lipid lowering drug as per the National Cholesterol Education
Programme -Adult Treatment Panel III guideline and who had a low HDL and
elevated LDL. The low HDL was defined as per ATP III guideline of less than 40
mg/dl. All patients were on statin monotherapy for a minimum period of 6 months.
For uniformity in interpreting data only patients on Atorvastatin were included and
those who got changed over from another entered the trial after a run-in period of 8
weeks of atorvastatin with lipid checks before and after. The Atorvastatin was used in
conventional dosages as would be required for target LDL levels .The atorvastatin
dose was titrated as per lipid profile checks every 3 months or 2 weeks after a change
in dosage. Niacin is dosed as per the recommended dose escalation regimen'’ for

extended release Niacin. (Table 7)

WEEKS NIACIN Dose Total Daily Dose*
1 375mg 375mg

2 500mg 500mg

3 375 - 2 tabs 750mg

4-7 500mg 2 tabs 1000mg

Week 8 onwards 500X 3 . 1500mg

*Given once daily at night.
All patients were motivated for life style changes like quitting smoking and

increasing physical activity. Patients were adviced to refrain from alcohol use during

period of study.
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The primary dosage aim with respect to Niacin was to escalate the dose as per the
schedule to the steady maximum of 1500 mg. In the group on combination therapy
the atorvastatin dose was altered based on LDL level recommendations. As part of
safety concerns it was never decided to increase both the drugs' dosages

simultaneously at any occasion.

Study Population:

Included were men and women aged 30-75 yrs and followed up at the lipid clinic of
SCTIMST. All were put on a lipid lowering diet conforming to step II NYHA diet.

The inclusion and exclusion criteria is summarised in table 8.

Table 8 Inclusion and Exclusion Crieteria
Included Excluded
Age limit = 30-75 Triglyceride level >300
At least 6 months on statin Hepatobiliary and renal disease
At least 2 months on Atorvastatin IDDM or poorly controlled diabetes
HDL < 39 (on 2 different occasions) Secondary forms of hyperlipidemia
Adhering to Diet (NYHA stepll) Acute Myocardial infarction or Unstable
‘ angina (In-hospital phase)
Willingness for prompt followup Hypothyroidism
Gout and hyperuricemia.
LV dysfunction. LVEF <40%

Patients were assigned into 2 groups; and groupl patients (On Niacin and
Atorvastatin) followed up with weekly visits initially for 1 month , then twice weekly
for 2 months and then monthly. After any change in drug dosages patients were
evaluated after a week or earlier if the patient has any new symptom to suggest
intolerance. The group2 patients on Atorvastatin were followed up at 3 monthly
intervals. LDL was checked in between if a change in atorvastatin dose was made.

Follow up: During each followup the patients were assessed clinically for any
possible adverse effect of the drug. The compliance to the drug and dietary guidelines

ensured and laboratory tests performed.

Safety and efficacy assessment.

Baseline fasting lipid profile with measurement of plasma lipoprotein-a and Aspartate
aminotransferase(SGOT),Alanine Aminotransferase(SGPT). Creatine
phosphokinase(CPK) and blood sugar were measured. At each visits CPK,SGPT,
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SGOT were measured. Lipoproteins were measured at 3 monthly intervals. All
patients had a baseline renal function test consisting of serum creatinine and Blood
urea nitrogen. Estimation of serum uric acid and phosphorus were done in selective
cases when patient had any prior history of elevated uric acid or joint pains occurred.
Other less frequent evaluation included hemogram ,platelet count, and serum
phosphorus.

Patients for combination therapy were given a full briefing about the proposed
treatment and possible adverse effects reported by the drug manufacturer and previous
trials. The need for symptom reporting and regular Vvisits were emphasised and the
drugs prescribed after obtaining an informed Eonsent in the local language. Patients
who continued on Atorvastatin monotherapy were followed in the usual follow-up
pattern for Coronary artery disease patients on statins as proposed by the recent report
of the ACC/AHA clinical advisory on statins.”'

Patients on Niacin and Atorvastatin combination therapy were assessed at each visit
for adverse effects as shown in table 6. Clinical events were elicited with direct and
indirect questions and over the phone reporting.

At all review clinical and subclinical mybpathy was assessed with symptom eliciting
and laboratory measures of CPK. The definition of myopathy required unexplained
persistent myalgia in presence of CPK elevation more than 3 times upper limit of
normal. Any troubling symptom which can be attributed to the prescribed medication

was noted and automatically led to withdrawal of drug. See table 9.

When subjective side effects like flushing and pruitus occurred, patient was told
could be drug related and given the option to discontinue or continue with monitoring.
On suspicion of myopathy the dose escalation was stopped and if clinical myopathy
occurred or if sub-clinical myopathy detected from CPK elevation both statin and
Niacin were discontinued.

Diabetic patients were included in the study after informed consent regarding
probable worsening of diabetes and need for increasing anti diabetic drugs. Included
were patients who had type2 diabetes and with OHA glycemic status well controlled.
Periodic measurements of fasting and post prandial measurement of blood sugar was
made and diabetic status controlled with modification of drug dosages or adding a
second class of drug, Niacin was discontinued if blood sugar still was not controlled.

For patients on Aspirin it was suggested that they take daily dose of aspirin along with

14



Niacin. Patients on Atorvastatin monotherapy was followed up with checks of CPK if
patient had any muscle symptom and had atleast one liver enzyme screening once in

the study period.

Efficacy checks:

Measurement of fasting lipid profile was done at baseline and every 3 monthly.
Enzymatic methods were used for Total Cholesterol , Triglycerides and HDL
measurements on an autoanalyser. (Dade BehringTM) LDL was measured indirectly
from the Friedwald equation. Due to inaccuracies in measuring LDL indirectly when
TG is high, a cutoff for triglycerides was kept at 300mg/dl. Lp (a) was measured at
baseline and after Niacin treatment . Lp (a) only single assay could be done in control
group on Atorvastatin alone , which was done towards the end of study period. Lp(a)

assessment was done using Immunoturbidimetric assays (CP Biomed inc.)

End points: A followup period of 6 months was planned. See table.9 for end pokints.

Table 9. End points

¢ Completion of intended followup period (Minimum of 6
months)

¢ Any form of intolerance attributable to study drug which
patient feels unable to continue.

¢ Rise in Liver enzymes (X2 ULN)

¢ Rise in CPK-Asymptomatic (X3 ULN)
Rise in CPK with muscle symptom/fatigue.
Significant muscle pain/tenderness.

¢ Worsening glucose tolerence/diabetic status

¢ Fallin S. Phosphorus levels <3 mg/dl or Platelets <1 Lakl/mm®

ULN - Upper Limit of Normal.

15



Statistical Analysis:

All continuous variables were tabulated as mean + standard deviation. The base-line
lipid levels and those measured during the course of treatment were compared within
groups by paired t-tests. Differences among groups and percentage difference
between groups in the response of lipid parameters to therapy were compared by the
two sample t-test. The significance was assessed by two-tailed P and Levene's
Covariance methods. A P value of less than 0.05 was considered to indicate statistical
significance. The difference in Lipoprotein-a between test and control groups were
compared with Wilcoxon rank sum test. All analyses were carried out using Statistical

Package for Social Sciences for Windows. ver.10.0.1 ©SPSS Inc.
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Results:

102 patients with CAD were given Extended Release Niacin along with Atorvastatin.

103 patients served as controls who were followed up on Atorvastatin monotherapy.

The baseline characteristics are shown in table 10.

Table 10. Continuous Variables expressed as Mean+ Std Deviation.

Niacin + Atorvastatin Atorvastatin
N=102 N=103
Age 52.7 Years (29-69) 52.3 Years(22-69)
Males 100 (98%) 101 (98.1%)
H/O ACS 62 (60.8%) 67 (65.1%)
BMI 233+43 22.7+5.0
Baseline CPK 108 + 43
Maximum CK 138.7 +91 103.2 + 61
Baseline SGPT 245+13
Maximum SGPT 32.6+15 20.1 +12
Atorvastatin dose 13.2+6 15.8+7.2
Least Smg Smg
Maximum 40 mg 40 mg
Niacin dose 1.294g + 257
Least 1000 mg
Maximum 1500mg

The baseline characteristics were similar in both the groups. Both groups were
predominantly males. There were 62% and 67% of patients respectively in both
groups who had an acute coronary syndrome in the past. This group represented a
heterogenous group including patients who underwent revascularisation/arteriograms
and who was on medical therapy for various reasons. The Niacin group had more of
such patients who underwent revascularisation , esp percutaneously since they were
more forthcoming for frequent clinic reviews. Baseline CPK and SGPT were similar
in both the groups. In the Niacin combination therapy group , patients had
experienced rise in average levels of CPK and SGPT but the final level fell within the

specified laboratory range of normal. The patients on Atorvastatin monotherapy had a
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higher mean dose of Atorvastatin.(15.8mg vs 13.2mg) The distribution of diabetic
individuals and who characterised the 'metabolic syndrome' are tabulated

below.(Table.11)

The dosage of Niacin was planned to be escalated to 1.5 gm but, this was not feasible
in all patients. Only 61 (60%) had the full dose of 1.5 gm till the end of study period.
Others were on 1000mg. The reason for this failure to escalate to maximum dose was
mainly due to the fact that Niacin tablets were of 500 mg strength and patients found
it inconvenient to swallow three such tablets and majority stuck to 1000g. on their

own (mean dose=1.3g)

Table 11 Group 1(Niacin+Atorvastatin) | Group2 (Atorvastatin)
Metabolic syndrome 38 (37.3%) 40 (38.8%)

Overweight (BMI > 25) | 29 (28%) 29 (28.2%)

Diabetes Mellitus 20 (19.6%) 23 (22.3%)

Patients on full dose of | 61 (60%)

Niacin (1500mg) |

Both the groups had significant changes in the lipid variables compared to baseline.
(All two-tailed P <0.05) The baseline lipid profile was comparable in both the groups.
The percentage of patients who had attained LDL goal set by ATPIIl were
comparable at start of study (41%&40%)

Change in Lipid profile among gfoups before and at 6 months are given in table.12

Due to technical reasons the values of baseline LP(a) in the control group could not be
taken into analysis. However the values did not differ much from the final mean. 48%
of patients had a final HDL level >40 in Niacin group where as only 16.5% had HDL

above 40 in Atorvastatin only group.
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Table.12 Both groups compared with respect to lipid parameters.

Lipid parameters Niacin+Atorvastatin Atorvastatin
Pre- At 6 | Pre- At 6
treatment months treatment months
Total Cholesterol Mean | 177.6 156.4 178.0 164.5
SD 36.1 31.0 45.5 39.3
Range 97-260 87-250 88-338 80-280
HDL Mean | 34.1 39.5 34.5 35.7
SD 4.1 5.5 4.4 4.5
Range 18-39 28-58 23-39 22-49
LDL Mean | 111.5 88.9 112.0 99.8
SD 32.0 28.3 42.1 35.4
Range 45-189 41-178 42-261 44-212
Triglyceride Mean | 156.6 140.1 157.2 145.2
SD 53.0 40.4 56.1 46.5
Range 67-300 50-248 62-300 60-310
Lipoprotein(a) Mean | 25.7 19.0 23.8
SD 15.5 9.0 14.1
Range 5-68 7-54 2.8-70.0
Number of patients achieving | 42 (41%) 84 (82%) 41(39.8%) | 75 (72.8%)
LDL goal <100mg/dl
Number of patients with |0 49 (48%) 0 17 (16.5%)
HDL > 40
No of patients with high 26 (28.8%) | 19 (21.1%) 23 (29.4%)
LP-a* (>30mg/dl)

The mean baseline and final lipid values are plotted in graph.1&2
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Group 1. Atorvastatin + Niacin

200 -
150 -
100 -
50 -
0
TC HDL LDL TG LPa
B0 Week 177.6 34.1 111.5 | 158.6 25.7
024 Weeks | 156.4 39.5 88.9 140.1 19

All values expressed as arithmetic mean in mg/dl.

Group 2. Atorvastatin only.

200 -
150 1
100 V|
50 1
TC HDL LDL TG Lpa
M0 Week 178 34.5 112 157.2
024 weeks | 164.5 35.7 99.8 145.2 23.8

The magnitude of change in Total Cholesterol, LDL and HDL were significantly
higher in the Combination therapy group in comparison to Atorvastatin
monotherapy group.(see graph3) The Triglyceride lowering was higher for the

Combination therapy group, but this change was not statistically significant. Thus
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the Atorvastatin and Niacin combination group was found to have produced
significantly greater reduction in total Cholesterol, LDL Cholesterol and
Significant rise in HDL. The LP (a) levels were also significantly reduced in

Niacin arm compared to the post treatment levels in Atorvastatin monotherapy.

Graph 3

Change in Lipid Parameters Between Groups

B A+N mA

Mean Change From Baseline

TC , LDL HDL TG
A+N -20.9 -22.6 . 5.5 -18.2
A -13.6 -12.6 1.1 -12.2
[P | 002 | <001 | <0001 [ 018 |
Subgroup Analysis

Effect of differing doses of Niacin: (Table .13)
61 patients (60%) who took Niacin had the full 1.5g for the whole duration of study.

The rest had a dosage of 1 gm. Analyses were carried out to look for the changes in
mean pre and post treatment lipid values and the safety parameters. The baseline lipid
level were similar in both groups. The mean TC, LDL and TG reduced in both the
groups and the magnitude of reduction was not significantly different between the
groups. But the magnitude of HDL raising was significantly more in the 1.5g dose
group ( +7.4 mg/dl vs +2.4mg/dl) Even though the rise in CPK was more in higher
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dose group, this was not statistically significant. The change in SGOT, SGPT had no

relation with the dosage given.

Table.13 Effect of different dosage of Niacin on Lipid parameters (Between those

who had targeted full dose of 1.5 gm vs others)

Mean Difference (Basal to 6 | Niacin dosage p*
months) 1.5 gm Igm

=61 N=40
Total Cholesterol -22.2 -19.6 0.65
HDL +7.4 +2.4 <0.01
LDL -25.9 -17.6 0.12
Triglycerides - 16.1 -22 0.43
LP-a -6.6 -6.5 0.9

*All values in mg/dl .All differences non significant except change in HDL.

Effects of combination therapy in diabetic and non-diabetics (Table. 14)

20 Patients who received the combination therapy were diabetics on therapy. The
effects of Niacin in this subgroup were assessed. The pre-treatment values for lipid
parameters and other characteristics were equally distributed among both groups. The

magnitude of Niacin' effect was apparently more in diabetic group but this was not

reaching levels of statistical significance.

Table.14 Diabetic subgroup- Efﬁcaby of combination.

Mean Difference (Basal to 6 | Type2 Diabetes

months) mg/dL No N=82 Yes N=20
Total Cholesterol -29.5 |-19.1
HDL +5.2 +5.4
LDL -30.3 -20.7
Triglycerides -21.4 -17.7
LP-a -7.8 -6.3

* All differences non significant.

Effect of Combination therapy in subset with metabolic syndrome.

Of the patients on combination therapy, 38 (37%) could be categorized into metabolic
syndrome. The mean BMI was 25.6 in metabolic syndrome group while that in others
were 21.9. Lipid values were were slightly higher (Not significant) in those who
exhibited the metabolic syndrome. The dosages of Atorvastatin and Niacin were

nearly equal in both the groups. The average mean levels of change in lipid
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subtractions is given in the table.15, which showed a trend for triglyceride lowering to
be more in patients with metabolic syndrome. But these differences in TC,LDL,HDL
and Triglycerides were not statistically significant. The baseline level of LP(a) was
higher in the subset with metabolic syndrome and the extent of lowering (34% and

17% ) was higher in this subset.

Table. 15 Metabolic syndrome.

Mean Difference (Basal to 6 | Metabolic syndrome P
months) Present N=38 Absent N=64

Total Cholesterol -22.7 -20.2 NS
HDL +5.6 +5.2 NS
LDL -23.9 -25.8 NS
Triglycerides -21.7 -16.5 NS
Lp-a -10.0 -4.1 0.02

All differences non-significant except Lp(a)

Overweight Patients ( BMI > 25).
Of the group which received combination therapy 29(28%) had a BMI of 25 or above.

The baseline characteristics with respect to age, dosage of Atorvastatin, Niacin as well
as lipid sub fractions were comparable among overweight and non-obese groups. The
mean change in lipid parameters with combination therapy was similar with respect to

the BMIL

Safety End-points.

At the end of 6 months Niacin was stopped in 4 patients and 4 others had minor side-
effects but continued with both Niacin and Atorvastatin (8%incidence of events). In
one patient niacin was stopped due to a rise in Creatine Kinase enzyme(Maximum
CPK=890 IU). In this patient no clinical myopathy was noted. On subsequent
followup the CK levels gradually came down over a period of 4-6 weeks after
stopping both Niacin and Statin. In 2 patients Niacin had to be stopped in view of
difficulty in controlling posf prandial blood sugar with anti-diabetic drugs. 1 patient
who had a history of quiscent acid peptic disease developed nocturnal stomach pains
and upon discontinuing Niacin had symptom relief. No serious side-effects occurred.
No patient had significant hepaﬁc toxicity or rise in liver enzymes. Noncompliance to

study drug was noted in 3 patients on Atorvastatin group where as none in Niacin
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combination group. One patient in Atorvastatin group had drug discontinued due to a

rise in liver enzymes.(SGPT=360) Table 16 gives an overview of adverse reactions.

Table.16 Adverse reactions and compliance.

Niacin + Atorvastatin

Atorvastatin only.

Noncompliance - 0

Noncompliance - 3

Niacin stopped during followup- 4

Atorvastatin stopped-1

Reason for discontinuation:

Peptic ulcer -1

Worsening diabetes=2

Subclinical myopathy=1(X3 times ULN
CK)

Reason for discontinuation:
Rise in liver enzymes =1

Minor side-effects

Flushing -2
GI sympoms-2

GI symptoms 2

Two patients reported flushing , but both didn’t feel it to be troublesome to stop the

medication. One patient felt nasal congestion at night which may be due to

mucosal capillary vasodilatationan as an eqivalent of flushing .
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Discussion

As recognised by the National Cholesterol Education Programme- ATP III
report, it suggests that there may be more to achieve in lipid lowering than LDL
lowering. And the focus shifts to the so called metabolic syndrome, the key feature
being insulin resistance and atherogenic particles in excess in blood. This forms a
second target of therapy. Also newer emerging risk factor like Lipoprotein (a) is being
implicated in premature atherosclerotic vascular disease and is a marker of aggressive
forms of disease. With proven benefits for HDL level raising in coronary artery
disease patients, possible benefits with lowering triglycrides, and theoretical benefits
in lowering LP(a), statins alone are insufficient to achieve these results. In this setting
the ideal solution would be to combine the beneficial effects on Statins with that of
Niacin by way of combination therapy. The intermediate/extended release form of
niacin has convenience of once daily dosing and less of trouble some effects like
flushing and major ill effects when used in corﬁbination with statin.

Previous studies suggest that bedtime niacin administration diminishes
lipolysis and release of free fatty acids to the liver; this, in turn, leads to an abolition
of the usual diurnal increase in plasma triglyceride, which may result in diminished

formation and secretion of triglyceride in the very-low-density lipoprotein fraction.”’

In this study both Atorvastatin monotherapy and Combination therapy of
Niacin and atorvastatin effected significant lowering of TC, LDL,and Triglycerides as
compared with the basal values and had elevations in HDL.(more in combination
therapy group). The absolute changes among both groups when compared showed
significant differences.(Graph 4) The combination therapy group exerted greater
reductions in TC, LDL and Lp(a) . There was significant elevation in mean HDL
levels when compared with monotherapy and 48% in combination therapy group had
>40 mg/dl HDL. (16.5% only in atrovastatin ‘group) The triglycerides were lowered
by both treatment strategies but the absolute difference was not statistically
significant. The percentage shift in lipid subclasses expressed as percentage of basal

level is plotted in the graph.
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As per large studies Niacin would be expected to cause 15-35% rise in HDL and 20-
50% fall in triglycerides’. The reduction of LDL and total cholesterol is contributed
by statins as well in this study. The expected effect on Triglyceride is not seen in this
study (reduction of 12% ) but HDL shows a rise of 16% (as compared with 3% rise
with monotherapy). Also the difference in Triglyceride lowering is lesser than would
be expected (12% vs 8%)

The rationale for the lack of triglyceride effects may be multiple. In this study the
upperlimit of 300mg/dL cutoff point is set. This may have excluded patients with
higher triglycerides , in whom magnitude of triglyceride lowering would be more.
Also confounding factors in sampling may have influenced the estimation of
triglycerides.* Triglyceride levels would fluctuate with respect to the precise timing
of sampling after the last meal. This may not be uniform among subjects. Also
patients with coronary artery disease may exhibit a greater post-prandial delay in the
removal of chylomicron particles. Two triglyceride surges have been demonstrated in
some individuals , 1 approximately 2-4 hours after a fat containing meal, and the other

between 8-10 hours later. Postural state at sampling also has shown to produce
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variations in level of triglycerides. Sampling in bed results in lower levels and levels
increase after a period of standing. In present study which has a smaller sample size,
the effects of any of the above mentioned problems may have resulted in exaggerated
effects. These inconsistencies in sampling and differing values may be the explanation

for the apparent absence of a significant lowering of plasma triglycerides.

Effect on Lipoprotein(a) : Niacin and atorvastatin combination lowered the LP (a)
levels significantly, compared to basal levels. The basal Lp(a) was high in 29% of
subjects and at 6 months only 21% had levels >30mg/dl.(29% in control group) The
mean Lp(a) showed significant reduction of 26%.(See graph 4)

Effect of NIACIN + ATORVASTATIN on Plasma LP(a)
(Mean Levels)
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| W Niacin+Atorvastatin 25.7 19

Reported data shows LP(a) lowering to the extent of about 20% with Niacin and statin

combination'*.Statins have not shown to change LP(a) levels significantly.

Safety of the combination therapy:

No serious adverse events occurred with addition of Niacin. In 4% Niacin had to be
discontinued , reason being worsening of diabetes in 2. This is a known effect of
niacin and caution has to be exercised while using in diabetic subjects. But this does
not contraindiacte its use in the diabetic population who have a higher prevalence of
atherogenic dyslipidemia with low HDL. Only one (1%)patient had significant
elevation in creatine kinase, which was unassociated with muscle pain or tenderness.
No rhabdomyolysis occurred. The incidence of significant myopathy from various

studies on combination therapy have placed statin-fibrate combination at highest risk
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(Approx 1%) and statin-niacin combination a little lower. Flushing incidence as per
. this study is only 2%. This low incidence may be due to the controlled release of
active drug as well as night time dosing. In our population with predominantly dark
complexion flushing may not be easily noticed. Also nearly all patients in this study
were on concomitant aspirin therpy , which patients took along with niacin would
have contributed to the low incidence of troublesome flushing. 3% Had GI symptoms
(Upper GI tract) and in 1 patient worseni'ng of acid peptic disease warranted
withdrawal of niacin(two of these patients were on 1.5g and one patient onlg dose).
The CPK and SGPT showed rise in niacin group but this rise was not reaching
statistical significance. No patient significant rise in liver enzymes or uric acid in
niacin group. One patient on atorvastatin therapy was found to have elevated SGPT
and SGOT with fatty changes in liver and atorvastatin was stopped.The liver enzyme
rise in this setting could not be clearly attributed to Atorvastatin. Since patients were
followed up regularly with an element of bias towards inclusion of more motivated
patients in niacin group the compliance to niacin therapy was complete. 3% on
Atorvastatin monotherapy were non-compliant.

The Niacin dose was escalated to 1.5 gm in majority and Atorvastatin was used in
modest doses. Maximum Atorvastatin dose used in this study is 40mg which is lower
than other reports when used as monotherapy. _

The effect of 1.5 g and 1g when analysed sepérately showed that HDL elevation was
more marked in the higher dose group. The effect on HDL by niacin is dose
dependent. Also the maximum CK values occurred in patients taking full prescribed
dose of Niacin.The liver enzymes did not correlate with dosage. But since none had
elevation in SGPT/SGOT this was to be expected. The reported beneficial effects on
LP(a) is dose dependent, but present data did not show significant difference between
levels of final LP(a) in the 1g and 1.5 g dosage strata.This may be due to the small
sample size of study.

The effect of Niacin and Atorvastatin on patients with metabolic syndrome was
similar to those without this. Niacin was equally efficient in beneficially modifying
lipids in those with metabolic syndrome. The mean level of LP(a) was higher in
(29.8mg.dl vs 23 mg/dl) patients with metabolic syndrome. Lowering of Lp(a) is
better (34% vs 17%)in patients with metabolic syndrome.

Niacin and Atorvastatin combination therapy‘ was found to be equally effective in

diabetic and overweight subsets.
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Effect on attaining ATPIII LDL goal.

This study addressed a common and clinically relevant issue : in patients taking a
stable dose of statin who have not achieved their LDL Cholesterol goal with a
persistent low HDL cholesterol: what are th_e beneficial effects of adding another
drug-'Extended Release Niacin' to statin?

At start of study the number of patients who had reached ATP III LDL cholesterol
goal was 41% in combination therapy group and 40% in monotherapy group. Both
groups had atorvastatin dosage adjusted by checking LDL cholesterol levels. The
group on combination therapy at the end of study had 82% who reached LDL
cholesterol goal whereas only 73% reached LDL-cholesterol goal in Atorvastatin
monotherapy. This difference is highly significant especially in the setting of a
population of patients with CHD..This beneficial effect on LDL goal on adding

Niacin has been shown in other studies as well.'®

Limitations of study:

1. Open labelled and non-placebo-controlled nature.

2. Short duration of followup.
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Conclusions:

1.

Combination therapy with Atorvastatin and Niacin caused significantly greater
lowering of Total Cholesterol and LDL Cholesterol and Lipoprotein(a) when
compared to a similar group on Atorvastatin monotherapy, also addition of
Niacin significanty raised the HDL levels. The combination effected lowering
of triglycerides which was not significantly higher than Atorvastatin alone.
Addition of Extended Release Niacin to a stable moderate dose of Atorvastatin
is safe.

The most common reported adverse reaction for Niacin-'flushing'- occurred in
only 2% of subjects and that too was not troublesome.Major side-effects
Clinical myopathy and Hepatic dysfunction are extremely uncommon.
Niacin-Extended Release at a dose of 1.5 gm is superior to 1 gm in raising
HDL levels

In patients with diabetes combination therapy was equally effective in
modifying lipid profile favourably when compared with non-diabetics. 10%
with type 2 diabetes had worsening of diabetes. Diabetic subjects need to be
monitored for this problem during therapy with Niacin.

Patients with metabolic syndrome has higher levels of LP(a) and Niacin and
Atorvastatin combination therapy lowers LP(a) to a greater extent in this

subset.
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Clinico-epidemiological Profile and
Intermediate Term Follow-up of Patients
with Angiographically Normal or Mild
Coronary Artery Disease and Structurally

Normal Heart.
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Background

A significant proportion of patients undergoing diagnostic coronary catheterization
because of chest pain, has normal or near normal coronary arteries. Although the
heterogeneous nature behind symptoms in this group of patients should be
emphasized, the overall prognosis in terms of life expectancy and cardiac pathology is
excellent. This group of patients, before a definite demonstration of coronary anatomy
has considerable morbidity and use of medical resources in terms of medications and
hospitalisations.

Patients presenting with history of chest pain in absence of acute coronary syndrome
with a structurally normal heart fall into two categories, those with significant
intraluminal coronary artery disease and those without. The further management and
pfognosis depends on this key issue. The prediction whether a single patient would
fall into either of these categories by non-invasive diagnostic tests may not be
accurate in many instances. The approach to such a patient would commonly include
a characterization of symptoms, evaluation of risk factors for coronary artery disease
and stress electrocardiogram.

Patients with CAD may become symptomatic in many different ways but most
commonly develop angina pectoris. Typical angina means a chest discomfort due to
myocardial ischemia, often described as a transient squeezing, pressure-like
precordial discomfort. Not all stable chest pain syndromes are truly anginal. Various
authors have subdivided stable chest pain syndromes in an attempt to link the quality
of symptoms with the prevalence of significant CAD. Diamond and Forrester'
found significant CAD at angiography in 89% of patients with typical angina but in
only 50% with atypical angina and merely 16% of patients with non anginal chest
Pain. Inclusion of coronary risk factors strengthened the predictability of such models.
In CASS, (Coronary Artery Surgery Study) 8,157 patients with chronic stable chest
pain who underwent coronary angiography were characterized by type of symptoms
reported. The CASS definitions of anginal type have become standards for much
subsequent literature” . "Typical angina” or "Definite angina” was defined as -
substernal discomfort precipitated by exertion and relieved by rest or nitroglycerin in
10 minutes. Most patients reported typical radiation to the shoulders, jaw or inner
aspect of the arm. Patients with probable angina had most of the features of definite
angina, but the features were atypical in some respects (e.g., radiation, unpredictable

relief with nitroglycerin or duration up to 15 to 20 min). The third group had
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34 percent of patients at low risk with a treadmill score +5 or greater.

Aim of study: To study the clinical features, epidemiological factors, non-invasive

risk assessment and angiographic characteristics of patients who underwent coronary
angiogram as part of diagnostic workup for Coronary artery disease. (CAD). Patients
with coronary angiograms showing only mild coronary lesions (defined as <50%
diameter stenosis) or normal coronary arteries without a prior history or definite
evidence of acute coronary syndromes and/structural heart disease are selected.

Methods:
Angiographic data of this hospital from January 1999 to Dec 2002 were examined and

angiograms of patients who had no prior history of acute coronary syndromes without
(clinical and Echocardiographic) structural heart abnormalities are reviewed.
Excluded are epicardial lesions or lesions in large branches with more than
50%diameter stenosis, assessed visually and if borderline by quantitative coronary
angiography (QCA). Patients with history of Acute Coronary Syndrome (ACS),
Myocardial infarction or abnormal echocardiographic anatomy (Except milder
degrees of LV hypertrophy and relaxation abnormalities) were excluded. Also those
with any lesion of left main stem were excluded. All patients who had assessment of

cardiac risk as part of non-cardiac surgery were excluded.

The epidemiological, exercise test and echocardiographic data were obtained from the
hospital records and patients were followed up till September 2003. The referring
physician's diagnosis and details of data on hospitalisations were sought and any
hospitalisation with acute coronary syndrome with documented serial
electrocardiographic changes or cardiac enzyme elevation was taken as prior ACS and
such patients were excluded. Data on lipid parameters were taken from the laboratory
records. Basal ECG at the time of admission for coronary angiography was evaluated
and categorized into normal or abnormal resting ECG, and abnormality qualified.
Echocardiographic data were also noted, particularly for left ventricular hypertrophy,
diastolic dysfunction. B
The exercise test was done in standard Bruce Protocol and Interpreted into positive,
Negative or Inconclusive for inducible ischemia. Duke score was calculated in all

instances except in cases with Left bundle branch block.
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Results:

316 patients were included in the study after going through the reports of over 4200
coronary angiograms performed over 4 years. All had normal or near normal coronary
arteries as defined earlier. The demographic and symptom characteristics are given in
table 1.

The average age was 51.8 years and majority fell in the 45-60 years age group (66%).
55% of the cases were females. Angina was the predominant symptom in 298 patients
(94%). Majority of the patients were assessed to have typical angina (51%) at the time
of admission for coronary angiography, 20% had atypical chest pain and 24% had
probable angina, that is symptoms were akin to anginal pain with odd features. The
average NYHA class was 2.1. 45% had history of hospitalisation and 23(8%) had two
or more hospitalisations. Patients were on various medications before coronary
angiogram, number ranging from 0 to 7, per person average of 3.8 drugs. The most
common drug was Aspirin (98%).

Other symptoms were reported in 80 patients (25%), dyspnoea being the commonest
(21%) 3% had fatigue as symptom.

Risk factors for atherosclerosis were present in 89.2%. The most prevalent were

hypertension and dyslipidemia in 62%&61% each. (Table. 2)
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Table 1. N=316

Age (Mean + Standard Deviation)

51.8 + 8.9 (27-78 years)

Male: Female

0.45:0.55

Angina Typical 160 (51%)
Atypical chest pain 63 (20%)
Probable angina 75 (24%)

NYHA class 2.1+0.34

Occurrence of Rest angina /symptoms at

176 (62%)

rest

Patients who had Hospitalisations before 126 (45%)
CAG

Duration of symptoms (months) 11.2+12.5
No of Medications before angiogram 3.8

Mean & Range (0-7)
Symptoms other than chest pain

Dyspnea on effort 64(21%)
Fatigue 9 (3%)
Palpitations 6(2%)
Others- Neurological, claudication etc. 1
Medications before angiogram _ (percentage)
Aspirin 98.1
Nitrates 51
Beta-blocker 45.5

Ca channel blockers 38.3

Statins 30

ACE Inhibitors 13.6
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Table.2  Risk Factors for coronary artery disease:

No identifiable risk factors 34 (10.8 %)
Hypertension 196 (62%)
*Dyslipidemia 193 (61%)
' High LDL 106 (42%)
Low HDL 153(40.7%)
| High LDL & Low HDL | 56 (22%)
High Triglycerides 30 (11.5%)
Smoking 73 (23.1%)
Diabetes mellitus /IFG 82 (24.7%)
Family history 54 (17%)
Hypothyroidism 9 (3%)
Post menopausal status (female n=173) 111 (64%)

*LDL as per Adult treatment panel III defined targets for risk category. HDL low if
less than 40 mg/dl. Triglycerides high if >200 mg/dl.

80% of patients had multiple risk factors. 25% had diabetes mellitus. The average

lipid parameters are shown in table. 3

2 or more risk factors present 80.4

3 or more risk factors present 28.1

Duration of diabetes mellitus N=82 (Mean+ SD) Months | 61.5 +48.1

Lipids Elevated 151 (51%)

Total Cholesterol HDL LDL Triglycerides
199+ 48 41+ 10 129+ 45 142+ 81

All Values in mg/dl
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The resting ECG was normal in majority, abnormal in 37.7%, and the commonest
abnormality being repolarization abnormalities. (Table. 4)

Table.4  Electrocardiographic findings

Normal 192 (60.8%)

Abnormal 119 (37.7%)

ST/T changes 99

LBBB 7

RBBB 4

Early Repolarization 3

AF2

The echocardiographic characteristics were as follows. (Table. 5)

LVDD |LVDS |IVSD |IVSS |PWD PWS |LA AO EF

44.5 27.6 9.6 12.6 9.4 12.8 34.6 28.5 69.3
Diastolic dysfunction LVH
60 (20.9%) 37 (12.3%)

Exercise stress testing result was available in 75% of patients. 71% were reported to
be positive for inducible ischemia. 74% had attained 85% or more of maximum
predicted heart rate. Test was reportedly negative in 9.2% and inconclusive in 20%.
Average Duke score was 1.6. Only 2.2% were noted to have high-risk score of less

than -10. Majority (74%) had an intermediate risk score. (See Table .6)

 Exercise test characteristics: Table 6 {TMT Done in N=217 (75%)}

Mean ET 7.1 min

METs 8.5

Positive: Negative: Inconclusive 154(71%) 20 (9.2%) 43 (20%)
Duke score Mean +1.6 Range(-12 - +12)
Low risk (>5) 42 (23%)

Intermediate risk (4 to -9) 134 (74%)

High risk (< -10) 4 (2.2%)
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The reported indication for Coronary angiogram is shown in table.7. The most

common indication was a positive or inconclusive stress test.

Table. 7 Indication for coronary angiography
Positive or inconclusive TMT 138 (43.6%)
Suspected Unstable angina 65 (20.7%)
ECG abnormalities 18 (5.6%)
Multiple risk factors 15.5 (4.9%)
Referral or patient preference 8 (2.5%)

Coronary angiogram was done via the femoral route, except in one patient when it
was done via the Radial route. The Judkin's technique was used usually. Calcification
on the coronary tree was noted in 24 (7.5%) of cases. The mean age of those with
calcification was 62.1 years and 2/3™ were males and seen almost exclusively in those
with diseased coronaries (21 of 24 had intraluminal lesions). Coronary artery ectasia
as defined by more than 50% diameter of a reference non-affected artery, was found

in 15 angiograms. (4.7%) (Table.8)

Table. 8A Coronary angiographic characteristics

Coronary Angiogram N=316

Calcium on Fluoroscopy 24 (7.5%)
Ectasia 15 (4.7%)
Diseased Coronaries 110 (35%)
Complications 10 (3.2%)

Access site complications : Pseudoaneurysm =3, AV fistula= 1
Arrhythmia (SVT, AF) 1 each. LBBB =1, TIA=1
Coronary dissection=1

Angina with borderline cardiac enzyme rise =1

Table.8.B Diseased Coronaries- Distribution of disease and mean diameter of

stenosis:

LAD Circumflex RCA Branch Lesions (Diagonal, OM,
74 (23%) 21 (6.4%) 37 (12%) Ramus, PDA) 44 (14%)

Mean Diameter of Stenoses

18% <10% 10%
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In 110 (35%) patients, coronary angiogram showed mild disease and the rest had no
luminal abnormalities detectable. The Left anterior descending artery was diseased in
74 (23%) patients, the circumflex in 21 (6.4%) Right coronary artery in 37 (12%) and
Branch lesions occurred in 44 patients

The complications of cardiac catheterization occurred in 10 patients (3.2%). The most
common occurrence was access-site complications, 3 instances of pseudo-aneurysm
and 1 AV fistula. All patients with local complications were females and 3 of 4 were
obese.

One patient had a catheter-induced dissection of right coronary artery without
significant flow limitation. There was no peri-procedure angina or cardiac enzyme
elevation. On follow up patient was doing well.

Arrhythmias occurred in 2. One patient had SVT and other had atrial fibrillation. SVT
was self-limited, AF persisted at discharge, but when seen 1 month later the patient
was noted to be in sinus rhythm. One patient developed left bundle branch block,
which resolved after 6 hours. ,
One patient had chest discomfort after procedure and on monitoring had mild
elevation cardiac enzymes without electrocardiographic changes. This patient had
mild disease with ectatic coronary segments.

One patient had a transient ischemic attack involving the posterior cerebral circulation
presenting as vertigo. A computed tomogram of head was normal.

No major complications like myocardial infarction, death, massive cerebro-vascular
accident or life threatening arrhythmias occurred. The patients with pseudo-aneurysm
underwent ultrasound probe guided compression and 2 out of three were noted to
have regression on follow-up vascular Doppler studies. One patient required blood
transfusion and had repair of pseudo-aneurysm. Patient with AV fistula was operated

without events.

Follow-up data was obtained from 230 patients. (72.8%) 124 had > 2 visits. 86
patients were lost to follow up. The events and follow-up data are as given in table. 9.

The mean duration of follow up was 22.4 months. 7.8% had any form of events
during follow up. 17 patients had hospitalisations at follow up for presumed unstable
angina; no patient had multiple hospitalisations. (Total 19 hospitalisations including 1

MI and 1 Stroke) Of these 15 had atypical symptoms and got hospitalized, 2 had non-
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Q wave MI with ECG changes. Both of them underwent repeat coronary angiogram
after 18 months and 48 months respectively. Both had initially diseased coronaries but
only one patient had disease progression. In this patient the LAD disease had
progressed from 40% to 70%. One patient developed acute Inferior wall myocardial
infarction. This patient had mild (30%) LAD disease, which on repeat angiogram after
MI was shown to be tight (90%) along with total occlusion of Right coronary artery.
This patient underwent coronary bypass surgery.

2 patients were noted to be in atrial fibrillation (Both had systemic hypertension and
VH) and one had normal coronaries and other had mild disease. One patient had
ischemic stroke (3years after angiogram) and another had a transient ischemic attack
(1-year after angiogram- in a patient with atrial fibrillation)

All major events: myocardial infarction, stroke and unstable angina with
arteriographic progression of disease occurred in patients who had diseased
coronaries. Of subset with normal coronaries, 3 patients had atypical chest pain
requiring hospitalisation and one had atrial fibrillation. The patient who had an
iatrogenic coronary dissection had no events during follow up. Also patients-who had

local complications during angiogram had no events.
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Table. 9 Follow-up N=230 (72.8%)

Duration followed up (Mean + sd 22.4+12.2
Months)
Events on followup 21 (9 %)

Major Events n=4

Minor events n=17

Death=0

Myocardial infarction=1

ACS- Unstable angina/NQMI =2
Stroke=1

Worsening of lesions on repeat

angiogram =2

Hospitalisations for atypical symptoms= 15
TIA=1
Atrial fibrillation =2

Mean NYHA class 1.31
Asymptomatic status 147 (78%)
Medications on followup (mean no) 2.6

Risk factor modification
Optimum
Suboptimal

Poor

171 (76%)

47 21%)

6 (2.7%)

78% were found to be asymptomatic on followup. The rest 22% had typical or

atypical symptoms. Previous symptom status, hospitalisations or risk factors could not

predict the continued presence of symptoms. Also the symptomatic status was similar

in both diseased as well as normal coronries.76% had optimum risk factor

modification at followup. The use of medications at followup is shown in table 10.

Use of Medications post angiogram:Table 10

Aspirin 57.2%
Statins 43%
Ca channel blockers 40.7%
Beta-blocker 28.4%
Nitrates 14.6%
ACE Inhibitors 9.3%
Others 9.8%
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Discussion

Coronary atherosclerosis 1s a slowly progressive process that can be clinically
inapparent for long periods of time. A single patient may undergo a coronary
angiogram for either definite coronary artery disease (acute coronary syndrome or
previous angiographic disease) or “Suspected coronary disease”. This means that a
patient’s symptoms or other clinical characteristics suggest a high likelihood for
significant CAD and its related adverse outcomes, but that evidence of CAD has not
yet been documented as defined above.

Although the extent of coronary disease defined by coronary angiography does
predict outcome, use of coronary angiography as a “screening tool” in unselected
populations is neither prudent nor cost-effective.*

This study included 316 patients with suspected coronary artery disease and found
non-significant CAD on angiogram. The indication for coronary angiogram most
commonly being a positive or inconclusive non-invasive test- exercise ECG. 20%
were thought to have an acute coronary syndrome in recent past and angiogram was
done. . In this study most of the patients were in 45-60 age group, which in the
presence. of symptoms with risk factors the likelihood of significant CAD is maximal.
The number of females exceeded males, which suggests the more prevalence of
atypical symptoms and inconclusive exercise tests in females.

Half of patients were thought to have typical angina (51%) This finding
suggest that from nature of symptoms it may not be able to predict presence or
absence of significant CAD. 45% of patients had hospitalisations before angiogram
and were on mean 3.8 medications. 89.2% of patients in present study had risk factors
for coronary‘értery disease and in 80% more than 2 risk factors were present. In 51%
of patients, the lipid profile was abnormal. 42% had elevated LDL and 41% had low
HDL. The presence of abnormal lipids was similarly distributed in patients with mild
disease and normal coronaries.

The ACC-AHA statement on cornary angiography state that those who are intolerant
of medical therapy, who fail to respond adequately to medical therapy, or in whom
chest pain limits their lifestyle significantly despite taking >2 anti anginal medications
should be considered for coronary angiography. Patients who repeatedly present to the
hospital with nonspecific chest pain, but who fail to have high-risk markers for

ischemia, may also benefit from coronary angiography. The findings of a normal
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coronary angiogram in such patients indicate a good long-term prognosis that is
reassuring to both the patient and the physician.

In 75% of patients, exercise stress test was performed. In majority this was reported as
positive (71%) in view of ST changes. But only extremely rarely patients had angina
as a symptom during treadmill test. The Duke score showed an average of 1.6. Only
2.2% had a high-risk score. The fact that majority of patients in present study (74%)
fell into intermediate score group and only few falls in high rlsk group suggests that
such a scoring would still be useful to predict significant CAD.

The coronary angiogram showed calcification on fluoroscopy in 7.4% patients. This
had a strong association with advanced age and presence of luminal disease. Coronary
artery ectasia was noted in 4.7%. This represents atherosclerotic involvement of
coronaries resulting in negative remodelling of arteries. The distribution of disease

suggests more often LAD to be affected.

The complications of cardiac catheterisation:

There were 10 (3.2%) instances of complications in in present study. No death/life
threatening complication occurred. The reported incidence of death and
lifethreatening complications during cardiac catheterization is up to 0.5%. The most
common complication encountered was vascular access problems. (3 Pseudo-
aneurysm and 1 AV fistula) Only one patient had significant hematoma with psudo-
aneurysm requiring blood transfusion. Although in 2 patients arrhythmias occurred,
no major or life threatening arrhythmias occurred. The incidence of local
complications and neurologic complications in the present study is similar to reported
incidences of 1.6% and 0.3%.° One patient had a catheter induced coronary
dissection. This caused no flow limitting flap. The catheter related complications are
most often reported in patients with significant disease burden, especially ostial
disease.

Follow-up

72.8 % were followed up after angiogram and rest were lost to follow up. The mean
duration of follow up was 22.4 months. 9% had occurrence of any form of events
during follow up. 147 patients (78%) were asymptomatic at follow up. The rest
continued to have typical/atypical angina, but the number of repeat hospitalisations
were much fewer. Only 17 patients had hospitalisations for probable unstable angina

(As compared to 126 cases prior to angiogram) and of these only 2 had truly unstable
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angina/non-Q MI as assessed by electrocardiograhic changes and enzyme measures.
There was only one instance of myocardial infarction, and this patient had significant
disease progression on repeat angiogram. Of the 2 patients who had unstable angina,
only one had significant disease progression on repeat angiogram. The continued
presence of symptoms or hospitalisations was not predicted by risk factors, ECG
abnormalities , hospitalisations or symptom status before angiogram.
In study by Pasternak et al, which had 175 patients with follow up data on 90% for
median 32 Years, no deaths were reported and only one myocardial infarction
occurred. This is in concordance with the present study. But Pasternak et al® reports
54% to be symptomatic and 17% had hospitalisation on follow up. Continuing chest
pain was significantly more common in women and in patients who had experienced
chest pain for more than one year before angiography. Present study had much lower
incidence of hospitalisation and there was no difference in events between both sexes
76% had optimum risk factor modification on follow up, which reflects more
awareness of coronary artery disease among patients who had prior angiography.
Kemp et al have reported the seven year survival of 4051 patients from the CASS
database with normal and near normal coronary arteries and found excellent prognosis
in general'®. The subset with risk factors (smoking and hypertension) had increased
risk of mortality. Since the number of events were low, no such conclusion could be
drawn from this present study. The optimum risk modification in a good proportion

those who were followed up would have contributed to the event free survival.

There are few reported studies on long term survival of patients who have normal or
mildly abnormal coronary angiogram. The longevity is found to be the same as
normal population. In one study, which followed up 521 of such patients for 10 years,
found significant events including death/MI in 2.1%’.The event rate was much lower
in (0.6%) patients with normal coronaries than in mildly diseased ones. In present
study major events were 1.4% and all of them occurred in patents with diseased
arteries. This suggests the disparity in survival without events in those with normal
and mildly diseased coronaries. The incidence of myocardial infarction in normal
coronaries in previous studies has been 0.9 - 0.6 % respectively. The lower incidence
found in present study might be due to shorter follow up duration and loss of follow

up in 27%.
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Follow up for events and repeat coronary angiogram done only in patients with
subsequent events may not give the real incidence of disease progression. In this study
only 3 patients underwent a repeat catheterization. The ideal study would entail
repeated coronary arteriography for all, but this approach is neither practical nor
ethical.

Angina with normal coronary arteries:

This condition has a reported incidence of 10-20% in persons undergoing coronary
angiography because of clinical suspicion of angina. In this condition termed the
syndrome-X, the prognosis is excellent. The cause of this syndrome is unclear. This
may result from coronary microvascular dysfunction or spasm. In some subsets this
may be due to abnormal pain perception and some may have a combination of these
factors. It is difficult to determine patients with syndrome X in whom chest pain is
due ischemia from patients with non-cardiac chest pain. This is most common in
females, especially pre-menopausal females and majority have atypical chest pain."”
The resting ECG may be normal or show nonspecific ST-T changes. 20% of patients
have positive exercise stress tests. Metabolic studies during angiogram such as lactate
extraction coefficient during atrial pacing may document ischemia in some patients''.

In this study many of the patients would qualify for a diagnosis of syndrome -X. But
it was not attempted to delineate this subset and no metabolic studies during
angiogram were done. This is due to the fact that survival patterns of those with
syndrome-X is similar to that of any cohort without significant obstructive disease on
coronary angiogramlz. The possibility of syndrome-X was considered in many of
patients in the present study as reflected by more prevalent use of calcium channel
blockers (41%) and Nikorandil (6%) post angiogram which have reported beneficial

effects in coronary microvascular dysfunction.'
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Morbidity and use of medical resources:

Requirment of hospitalisation describes the morbidity since this could be an
expression of severe or disabling chest pain as well as other severe symptoms. Ockene
et al reported that use of medical facilities decreased from 1.6 to 0.16 visits per year
after diagnostic procedure'®. This was a smaller proportion for patients who had
normal coronaries demonstrated. Data from our present study shows a significant
reduction in need for hospitalisation from 45% to 8.3%. This is entirely due to
reduction of hospitalisation due to cardiac causes. The explanation for this could be an
improvement in symptoms that have been reported in 78% after procedure. Similar

studies also have reported less number of hospitalisations and reported well being

B Aspirin

@ Statins

B Ca channel
blockers

O Beta-blocker

M Nitrates

B ACE

Inhibitors

B Others

Medications before angiogram Medications on followup

without symptoms in 20%-80% of patients with non-significant coronary
arteriograms. * Another major explanation for the reduction in hospitalisation could
be reassurance, for both the patient and the physician. This implies a major cost

reduction in terms of repeat hospitalisation and use of medical resources.
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Also there is a reduction in the number of drugs prescribed. A person was on an

average 3.8 medication before angiogram, which could be reduced to 2.6 at follow up.

(See Graph) This is a significant reduction, which would offset the cost considerations

of cardiac catheterization in the long term. 135 (42%) patients were on 2 or less

number of drugs. There was significant reduction in usage of nitrates.

This suggests that early catheterization would be a long-term cost effective approach

to most patients with undiagnosed/suspected coronary artery disease.

Limitations:

1.

2
3.
4

Retrospective nature of the study.

Limited duration of follow-up.

Only very few patients underwent a repeat coronary angiogram during follow up.
No Intra vascular Ultrasound was used to further characterize diseased coronaries.
Also no metabolic studies or provocative testing were done for evaluation of
micro vascular dysfunction and to delineate syndrome-X

Even though 73% of patients had folldw up, 27% were lost to follow up.
Considering the relatively low expected occurrence of late significant events
especially'death, the follow up has to be near 100% to give exact incidence of

significant adverse events.
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Conclusions:

1.

Coronary angiography when performed in such a population with no significant
coronary artery disease is a safe procedure with virtually 'zero' mortality and lack
of major complicatons. Majority of the complications are vascular access

complications, which are more common in elderly and obese.

Symptom status in such patients at time of assessment at least in a sizeable
proportion of patients would suggest typical anginal pain. So based on symptom

assessment alone delineating significant CAD may be difficult.

A significant majority in this study had multiple risk factors for CAD. The most
common indication for coronary angiogram was a positive or inconclusive

treadmill exercise test.

Exercise electrocardiogram did not exclude significant CAD in 70% of subjects.
However the Duke treadmill score was found to be useful, in that majority (97%)
fell into low risk or intermediate risk category, and very few having a high-risk

score.

Follow up of these patients showed ‘low event rate and majority were
asymptomatic and free of hospitalisations. Excluding significant lesions on
arteriogram would reassure patients and reduce further hospitalizatons and
number of medications. This would reduce morbidity and be a cost-effective

strategy

However, typicality of chest pain for angina or the occurrence of
electrocardiographic changes of ischemia prior to angiography did not predict

continued chest pain during the follow-up period.

Coronary angiogram is .a reasonable tool to identify those without risk of
significant coronary events in the future, despite the fact that good number of ACS
occurs in minor lesions, and doubtful value of angiogram to identify vulnerable

plaques.
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