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YOUNG PATIENTS (AGE < 40 YEARS)

A. BACKGROUND.  Although coronary artery disease typically occurs with advancing age, 5% of
patients are less than 40 years old.  Compared to older patients, young patients typically have more
cardiac risk factors and less extensive disease.  Coronary artery bypass grafting (CABG) can be
performed with high success and low mortality (0-2%).  However, since young patients may require
reoperation due to vein graft failure, catheter-based intervention may offer an alternative to CABG.

B. BALLOON ANGIOPLASTY.  Patients as young as 15 years old have been treated by PTCA;1  larger
series indicate that PTCA can be performed with success rates of 86-96% and major complication rates
< 5% (Table 7.1).

C. FOLLOW-UP.  Among successfully treated patients followed over 3-5 years, repeat PTCA was
required in 30%, survival was 87-100%, and more than 80% were asymptomatic and employed.3,5

Table 7.1.  PTCA in Young Patients:  Acute Outcome

Series Age N
Success

(%)
Complications (%)
D / Q-MI / CABG Other

Ellis106

(1998)
< 40 86 90 0 / 3.5 / 2.3 5-yr survival (95%); 10-yr survival (91%);

5-yr EFS (89%); 10-yr EFS (68%)

Mehan2

(1994)
< 40
> 40

89
1916

90
86

0 / 0 / 0
5 / 1 / 1

5-yr survival (100%). Follow-up at 30 mos:
CABG (5%); re-PTCA (34%)

Buffett3

(1994)
< 40 140 86 5.7 / 6.4 / 0 10-yr survival (96%); return to work (93%);

restenosis (28%)

Kofflard4

(1994)
<35 57 92 3.4 / 1.7 / 1.7 5-yr survival (87%).  Follow-up at 4 yrs: MI

(14%); CABG (11%); re-PTCA (32%)

Stone5

(1989)
< 35 71 96 0 / 1 / 0 3-yr survival (98%)

Abbreviations:  D = in-hospital death; MI = in-hospital Q-wave myocardial infarction; CABG = emergency coronary
artery bypass grafting; EFS = event-free survival

7
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D. CONCLUSIONS.  Balloon angioplasty has a high success rate, low complication rate, and excellent
long-term survival, and may be preferred over surgical revascularization for young patients with
coronary disease.  The need for repeat PTCA (for restenosis or new disease) is similar to other PTCA
patients.

ELDERLY PATIENTS (AGE 65-75 YEARS)

A. BACKGROUND.  In 1990, the United States Census estimated that 25% of the 31 million people over
age 65 had symptomatic coronary artery disease.  By 2020, this number is expected to increase by 65%.
From 1987 to 1990, the rates of PTCA and CABG among the elderly increased by 55% and 18%,
respectively.

B. PERCUTANEOUS REVASCULARIZATION.  Compared to younger patients, elderly patients
undergoing coronary revascularization are more often female, and are more likely to have diffuse
disease, calcified lesions, unstable angina, prior MI, comorbid conditions, and low ejection fractions.
Nevertheless, elective CABG (Table 7.2), PTCA (Tables 7.2, 7.3) and other devices (Table 7.4) can
be performed with success rates > 90% and major complication rates of 3-13%.  Although the elderly
are at increased risk for death after acute closure, the risk of acute closure and the need for emergency
CABG have been dramatically reduced by stents.  However, there is still a 2-3-fold higher risk of
peripheral vascular complications (pseudoaneurysm, AV fistula, large hematoma) and blood
transfusions, and there is a strong correlation between advancing age and in-hospital mortality and late
death.188,189

C. ACUTE MI.  In general, advanced age is a risk factor for adverse outcome following acute MI.
Primary PTCA is associated with better 30-day survival than either conservative therapy without
reperfusion or intravenous thrombolytic therapy,184 although outcomes following primary PTCA and
lytic therapy are similar at 1-year.184,185 A prospective multicenter randomized trial (PAMI-Elderly) is
in progress, which is comparing intravenous thrombolytic therapy to primary percutaneous intervention
(PTCA, stents) in elderly patients with acute MI.

D. FOLLOW-UP.  More than 75% of successfully revascularized elderly patients have symptomatic
improvement.  Survival rates at 1 year and 3 years are 95% and 90%, respectively, with late MI in 5%,
CABG in 15%, and PTCA in 20%—similar to other PTCA patients.
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Table 7.2.  Effect of Age on Coronary Revascularization

Series Modality Age N
Complications (%)++

D / Q-MI / CABG Other Results

Kobayashi208

(2001)
Stent < 70

70-79
>80

476
251
94

0.2 / 0.5 / 0.2
0.4 / 0.4 / 0

0 / 0 / 0

No difference in 30-day CABG (~ 0.1%), mortality
(~1.5%), or MACE (~1.5%).  Vascular complications
were highest in patients > 80 years (1.0% vs. 1.6% vs.
4.3%, p = 0.05)

Batchelor214

(2000)
PCI > 80

< 80
7472

102,236
3.8 / 1.9 / 4.4
1.1 / 1.3 / 4.5

Patients > 80 years had lower procedural success (84%
vs. 89%) and more stroke (0.58% vs. 0.23%), renal
failure (3.2% vs. 1.0%), and vascular complications
(6.7% vs. 3.3%).  Procedural success and complications
improved during the 4 year study period

ARTS192‡

(2000)
CABG
Stent
CABG
Stent

< 54
< 54
> 68
> 68

139
162
156
145

-
-
-
-

1-yr MACE (%): 55.4
23.5
15.4
24.1

Lucas205

(2000)
CABG
PTCA

> 75
> 75

4993
(total)

-
-

Overall 1-yr survival (90%); 4-yr survival (78%). 
CABG with 25% reduction in death vs. PTCA

Wennberg188

(1999)
PTCA < 60

60-69
70-79
> 80

5217
3752
2696
507

-
-
-
-

Angiographic success was independent of age, but in-
hospital death was strongly associated with advancing
age

Pliam187

(1999)
CABG > 80*

> 80**
202
202

12.9 / 1.0 / -
5.4 / 0 / -

Strongest predictors of in-hospital death were emergency
CABG (OR 10.5) and need for IABP (OR 8.6)

Mullany90

(1997)
CABG
PTCA
CABG
PTCA

< 65
< 65
> 65
> 65

1120

709

1.1 / - / -
0.7 / - / -
1.7 / - / -
1.7 / - / -

5-yr outcomes
(%):      

 

Survival
91.5
89.5
85.7
81.4

TLR
10
56
5

 53

Thompson87

(1996)
PTCA > 65+

> 65++
982
768

3.3 / 3.9 / 5.5
1.4 / 2.2 / 0.7

No difference in survival

Hannan6

(1994)
CABG 40-49

50-59
60-64
65-69
70-74
75-79
> 80

2448
6118
5352
6268
5563
3561
1372

1.1 / - / -
1.7 / - / -
2.2 / - / -
2.8 / - / -
3.4 / - / -
5.3 / - / -
8.3 / - / -

Older cohorts include more females, emergency surgery,
unstable angina, previous CABG, heart failure, renal
failure, EF < 20%, previous stroke, peripheral vascular
disease

O'Keefe7

(1994)
CABG
PTCA

> 70
> 70

195
195

  9 / 6 / 5
  2 / 1 / 0

5-yr survival (%): 65
63

Abbreviations:  ARTS = Arterial Revascularization Therapy Study; CABG = emergency coronary artery bypass grafting; D = in-
hospital death; EF = ejection fraction; MI = in-hospital Q-wave myocardial infarction; OR = odds ratio; TLR = target lesion
revascularization; - = not reported
+ Elderly patients undergoing PTCA between 1980-1989; ++ Elderly patients undergoing PTCA between 1990-1992
* 1986-1993
** 1994-1996
‡ Randomized trial of multivessel stenting vs. CABG
++ In-hospital complications



Manual of Interventional Cardiology160

Table 7.3.  PTCA for Patients Over Age 65:  Acute Outcome

Series Age N
Success

(%)
Complications (%)
D / Q-MI / CABG Comments

Veledar229

(2002)
70-79
80+

38,621
10,323

-
-

2 / - / -
3.9 / - / -

National Cardiovascular Network
database

BARI90

(1997)
65-80 709* - 1.7 / - / -  5-yr survival (81.4%); 

5-yr TLR (53%)

Laster88

(1996)
> 80 55 96 16 / - / 0  Primary PTCA for acute MI

Jollis12+

(1995)
65-69
> 80

-
20,006

-
-

1.8 / - / -  
7 / - / -  

1-yr survival (94.8% vs. 83%);
3-yr survival (89.6% vs. 70.4%)

Lindsay10

(1994)
55-64
65-74
> 75

914
996
474

93
92
94

0.5 / 0.3 / 3.7 
1.1 / 0.5 / 2.2 
2.1 / 1.3 / 3.6 

Vascular repair (1% vs. 1.9% vs.
3.6%); non-balloon devices used in
35%

Burstein11

(1994)
< 50

50-69
> 70

172
938
622

-
-
-

0.7 / - / 4.7 
1.3 / - / 3.5 
3.6 / - / 2.1 

Thompson13

(1994)
1980-89
1990-92

> 65
> 65

982
768

88
94

3.3 / 3.9 / -   
1.4 / 2.2 / -   

Death/MI at 6 months (10.3% vs.
9.9%)

Little14

(1993)
< 80
> 80

500
118

88
89

0.2 / 1.4 / 2.6 
2.1 / 0.8 / 0.8 

Octogenarians: 1-yr survival
(76%); 3-yr survival (61%)

Foreman15

(1992)
60-69
70-79
> 80

570
270
67

88
88
84

2 / 6 / 5  
2 / 5 / 4  
6 / 5 / 2  

3-yr survival (96% vs. 80% vs.
72%)

Thompson17

(1991) 65-69
70-74
> 75

326
233
193

82
82
93

1.2 / 2.7 / 10.7 
2.2 / 4.3 / 9     
6.2 / 6.7 / 3     

EFS (%): 1-yr / 3-yr / 5-yr
74 / 60 / 51
72 / 55 / 48
58 / 36 / 24

Abbreviations:  BARI = Bypass Angioplasty Revascularization Investigation; CABG = emergency coronary artery bypass
grafting; D = in-hospital death; EFS = event-free survival (no death, MI, CABG, PTCA,  angina); MI = in-hospital Q-wave
myocardial infarction; TLR = target lesion revascularization; - = not reported
* PTCA + CABG
† From the Medicare Provider Analysis and Review (MEDPAR) file
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Table 7.4.  Results of Interventional Devices in the Elderly

Series Modality Age N
Success*

(%)
Complications (%)†

D / Q-MI / CABG Comments

Hernandez230

(2002)
Stent > 75 95 - 0.8 Compared to PTCA, stents resulted in less in-

hospital MACE (0.8% vs. 7.3%, p = 0.01) and
less repeat PCI at 2 years (9% vs. 24%, p =
0.007)

Kobayashi208

(2001)
Stent < 70

70-79
> 80

476
251
94

- 0.2 / 0.5 / 0.2
0.4 / 0.4 / 0

0 / 0 / 0

No difference in 30-day CABG (~0.1%),
mortality (~ 0.5%), or MACE (~1.5%).  Vascular
complications higher in patients > 80 years
(1.0% vs. 1.6% vs. 4.3%, p = 0.05) 

Trabattoni221

(2001)
Stent > 75

51-75
31-50

130
200
150

91
95
96

3.8 / - / 0.7
1.0 / - / 0
0 / - / 0

No difference in late MACE or restenosis
between groups

Baklanov222

(2001)
Stent > 80 197 93 2 / - / - Stroke (2%).  High-risk patient cohort: acute MI

or unstable angina (65%); prior MI (66%); 3-
vessel disease (48%)

Alexander191

(2000)
Various > 75 34,87

8
- 3.1 / 0.9 / - Composite results from 6 large registries. Stroke

(0.4%); results of PCI improved over time.

Ang215

(2000)
Various > 70

> 80
524
65

99
96

1.1 / 0.6 / 1.3
1.5 / 0 / 0

No difference in short-term risk of stroke or need
for repeat PCI

Alfonso186

(1999)
Stent > 65

< 65
378
601

93
95

4.7 / 4.2 / 0
1.3 / 3.4 / 0.3

More in-hospital death and MACE (6.8% vs.
3.4%) in the elderly.

Bage107

(1998)
Stent > 70 87 - 4.6 / 0 / 0 EFS at 8.6 months (84%)

DeGregorio108

(1998)
Stent > 75

< 75
137

2551
- 2.2 / 2.9 / 3.7

0.1 / 1.7 / 1.4
1-yr survival (91%); 1-yr EFS (54%);  elderly
with lower EF, more multivessel disease, and
more unstable angina

Chauhan137

(1998)
Stent < 80

> 80
5624
265

99
99

0.2 / 0.8 / -
0.8 / 1.1 / -

TLR (12.6% vs. 11.7%).  More vascular and
bleeding complications in the very elderly

Gaxiola154

(1998)
Stent < 75

> 75
280
282

97
94

0.7 / 0.7 / 0.7
3.7 / 2.4 / 1.2

EFS at 6 months (81% vs. 77%)

Nasser92

(1997)
Stent < 65

65-74
> 75

252
258
35

97
97
97

1.0 / 0.5 / 4.0  
       0 / 6.5 / 4.3     

0 / 0 / 0

EFS at 9 months (90% vs. 89% vs. 90%)

Fishman19

(1995)
DCA +
Stent

< 70
> 70

388
116

96
91

0.8
3.5

Movsowitz20

(1994)
DCA < 65

66-75
> 75

222
101
50

96
88
95

5.7
10.9
9.5

Transfusion required in 17% of patients > 75
years.  Trend toward more groin complications in
the elderly

Abbreviations:  CABG = emergency coronary artery bypass grafting; D = in-hospital death; DCA = directional coronary
atherectomy; EF = ejection fraction; EFS = event-free survival (without death, MI, CABG, re-PTCA);  MACE = major adverse
cardiac events; MI = in-hospital Q-wave myocardial infarction; PCI = percutaneous coronary intervention; PSS = Palmaz Schatz
stent; ROTA = Rotablator; - = not reported
*  Device + adjunctive PTCA as needed
† In-hospital complications
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Table 7.5.  Important Considerations for Elderly Patients Undergoing Coronary Intervention

Patient Group Measure

All patients Ensure euvolemia
Check neurologic and peripheral vascular status
Consider sedation with antihistamines rather than benzodiazepines
Remove sheaths as soon as possible
Promote early ambulation
Remove bladder catheter early
Prescribe support stockings if prolonged bedrest
Simplify medical regimen and educate patient prior to discharge

EF < 40% or culprit supplies large
myocardial territory

Consider angiography to evaluate peripheral vessels for IABP
Consider Rotablator for calcified lesions
Perform culprit vessel angioplasty and/or stent; stage remaining stenoses

Suboptimal result Prepare for stent implantation

Acute coronary syndrome Perform culprit vessel angioplasty and/or stent; stage remaining stenoses
Consider platelet IIb/IIIa inhibitors

Abbreviations:  IABP = intra-aortic balloon pump; EF =  ejection fraction

E. APPROACH.  Patients between the ages of 65-75 with symptomatic coronary artery disease should
not be denied percutaneous or surgical revascularization because of age alone or concerns about
excessive complications, even during acute MI.183 Although CABG and PTCA achieve similar long-
term survival rates, PTCA is associated with less in-hospital morbidity and mortality, but greater need
for repeat  revascularization.  Patients with anatomic features unsuitable for percutaneous intervention
and those with severe 3-vessel disease with LV dysfunction may have a survival advantage after CABG.
Although stents have decreased the incidence of in-hospital ischemic complications, elderly patients
are at higher risk for medical and vascular complications.   It is important to pay special attention to
volume status, contrast load, renal function, bleeding and peripheral vascular complications to minimize
morbidity and mortality (Table 7.5).

VERY ELDERLY PATIENTS (AGE > 80 YEARS)

A. BYPASS SURGERY.  In-hospital mortality is 5-10% in octogenarians undergoing  CABG, and
another 5% develop perioperative MI or stroke (Table 7.2).  The marked decline in perioperative
morbidity and mortality in the late 1990's has been attributed to better patient selection, maintenance
of higher perfusion pressures, and improvements in pre- and post-operative patient care.187  In addition
to advanced age, risk factors for operative mortality include female gender, unstable angina, diabetes
mellitus, smoking, poor ejection fraction, and severe angina.  Five-year survival ranges from 60-85%;
30% of late deaths are due to noncardiac causes. At 1-year follow-up, up to 90% of patients are in
functional Class 1 or 2. 
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Table 7.6.  PTCA for Patients Over Age 80:  Acute Outcome

Series N Success (%)
Complications (%)
D / Q-MI / CABG

Veledar229

(2002)
10,323** - 3.9 / - / -

Kobayashi208

(2001)
94 (stent) - 0 / 0 / 0

Batchelor214

(2000)
7472 

(various devices)
84 3.8 / 1.9 / 4.4

Ang215

(2000)
65

(various devices)
96 1.5 / 0 / 0

Thompson197

(2000)
2968 94 3.5 / - / -

Jollis12

(1995)
20,006* - 7 / - / -

Weyrens23

(1994)
26 65 23 / 4 / -

Little14

(1993)
118 89 2 / 1 / 1

Foreman15

(1992)
67 84 6 / 5 / 2

Santana24

(1992)
53

+
83 15 / 4 / -

Bedotto25

(1991)
111 91 6 / 3 / 0

Jackman26

(1991)
31 90 6 / 6 / 10

Myler27

(1991)
74 80 1 / 0 / 4

Jeroudi28

(1990)
54 91 4 / 4 / 0

Rizo-Patron29

(1990)
53 83 2 / 5 / 7

Rich30

(1988)
22 86 0 / 14 / 0

Kern31

(1988)
21 67 19 / 0 / 14

Abbreviations:  CABG = emergency coronary artery bypass grafting; D = in-hospital death; Q-MI = in-hospital Q-wave
myocardial infarction (some studies did not distinguish between Q-wave and non-Q-wave MI);  - = not reported
* From the Medicare Provider Analysis and Review (MEDPAR) file
**From the National Cardiovascular Network database
+ All patients had unstable angina
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B. PERCUTANEOUS REVASCULARIZATION.  Procedural success were achieved in 65-94% of
patients > 80 years old (Table 7.6),32,188 although success rates >85% are expected in contemporary
practice. Compared to younger patients, octogenarians have more acute complications, in-hospital
mortality, and late cardiac death.  Nevertheless, 87% of patients in one study were subjectively
improved after PTCA, 33% were more physically active, and 55% required less medication.28  Three-
year survival rates of 80-91% have been reported,27,28 and > 90% of long-term survivors indicated a high
level of satisfaction with their quality of life and health status.14 In anatomically suitable lesions, stent
implantation may enhance the early and late outcome after intervention.  Octogenarians with acute MI
benefit from primary PTCA or stenting with procedural success in 98%, 30-day mortality in 16%, and
1-year event-free survival of 77%.182

C. CONCLUSIONS.  When medical therapy fails to control anginal symptoms in octogenarians, PTCA,
stenting, and other techniques can be performed with high success rates, but acute ischemic
complications occur more often than in younger patients.  Short-term follow-up reveals relief of angina,
but frequent late cardiac events from serious comorbid medical problems.  To minimize morbidity and
mortality during percutaneous intervention, it is important to pay special attention to volume status,
contrast load, renal function, bleeding, and peripheral vascular complications (Table 7.5).

FEMALE PATIENTS 

A. BACKGROUND.   Many studies suggest differences in the prevalence, manifestations, diagnosis, and
prognosis of coronary artery disease between men and women.33-35,109,151,167,168 Compared to men, women
with non-Q-wave MI had more risk factors for atherosclerosis, partially explaining higher 1-year
mortality in women.165

B. PERCUTANEOUS REVASCULARIZATION.  Several  studies suggest that females have a higher
in-hospital mortality than males (Tables 7.7, 7.8).  However, females were older, and had a higher
prevalence of diabetes  mellitus, hypertension, unstable angina, and prior MI.  After accounting for
these differences, gender probably has little or no independent effect on outcome,147,161 even in the
setting of primary PTCA or stenting for acute MI.166 Females are at increased risk for major ischemic
and peripheral vascular complications, possibly due to greater  comorbidity and lower body surface
area.  Although women had more bleeding and vascular complications after abciximab than men, major
bleeding in women was similar with and without abciximab.170

C. CABG.  One-year occlusion rates of SVG and LIMA grafts are similar for men and women.169 
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D. FOLLOW-UP.  Compared to males, females had similar survival and better event-free survival
(freedom from death, MI, repeat PTCA, or CABG).38,39  Mayo Clinic investigators found no difference
in 5-year infarct-free survival, although females required less late CABG.44

E. CONCLUSIONS.  In-hospital mortality is higher for women undergoing PTCA, but is largely related
to older age, advanced angina class, small body habitus, and comorbid conditions.  Long-term results
are similar to men.  PTCA and other devices should not be withheld in women who are considered good
candidates for intervention because of concerns of lower success rates and more complications.109

AFRICAN-AMERICANS

A. BACKGROUND.   African-Americans have more risk factors for coronary artery disease and higher
cardiac mortality than the general population.55 Most studies suggest that CABG is equally effective
among black and white patients in reducing symptoms and improving survival,56 although 15-year
survival was lower in African-Americans in the Coronary Artery Surgery Study (CASS).89 Although
several studies suggest racial disparities in referral of patients for cardiac catheterization, percutaneous
intervention, and CABG,110-112 survival rates are similar between African-Americans and Caucasians
with similar disease severity.112 Some differences in referral may be due to greater reluctance among
African-Americans to undergo invasive procedures.110,113

B. PERCUTANEOUS REVASCULARIZATION (Table 7.9).  Despite greater comorbidity among
African-Americans, results from the 1985-1986 NHLBI PTCA Registry indicate that PTCA outcome
is independent of race.57  However, other reports describing laser, atherectomy, and stents suggest
higher procedure-related death among African-Americans,58,195 which be due to a higher prevalence of
comorbid conditions.58

C. FOLLOW-UP.  One-year survival and event-free survival following percutaneous intervention were
lower among African-Americans in one report195 but not in another;58 5-year outcomes were similar57

(Table 7.9). More than 80% of patients have improved anginal status and repeat PTCA is required in
20-25%, similar to the general population.

D. CONCLUSIONS.  Despite more comorbidity, African-Americans have excellent results after
percutaneous revascularization.  Aggressive management of risk factors for atherosclerosis is mandatory
(Chapter 41).
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Table 7.7.  Effect of Gender on PTCA Outcome

Series Gender N Success (%)
Complications (Male vs. Female) (%)**

D / Q-MI / CABG

Veledar229+

(2002)
Male
Female

101,160
49,669

-
-

In-hospital mortality by age group
< 50 / 50-59 / 60-69 / 70-79 / 80+
0.4  /   0.6   /   0.8   /   1.8   /   3.5
0.8  /   0.8   /   1.2   /   2.5   /   4.2

Vakili199

(2000)
Male
Female

727++

317++
-
-

2.3 / - / -
7.9 / - / -

Adamian123

(1999)
Male
Female

2113
247

98
95

MACE: In-hospital / 1 mo / 6 mo (%)  
0.9 / 1.3 / 4.7
3.6 / 4.8 / 9.8 

Jacobs156

(1997)
Female (1985-6)
Female (1993-4)

545
274

79
89

2.6 / 4.6 / 4.6
1.5 / 1.8 / 1.8

Jacobs104

(1996)
Male
Female

656
248

-
-

In-hospital mortality (1.2% vs. 0.8%); 
5-yr mortality (14.4% vs. 14.1%)

Stone36

(1995)
Male
Female

145
++

50
++

90
80

2.1 / 2.8 / - 
4.0 / 2.0 / -

Malenka37

(1995)
Male
Female

11,493
5472

94
95

Death (0.7% vs. 1.6%); MI or CABG
(4.5% vs. 5.0%)

Weintraub38

(1994)
Male
Female

7940
2845

90
91

 0.1 / 0.8 / 2 
0.7 / 1 / 2 

Arnold39

(1994)
Male
Female

3726
1274

93
94

0.3 / 0.4 / 4.5
1.1 /  0.4 / 5

Cavero40

(1994)
Male
Female

340†

340†
-
-

Females had higher in-hospital death but
similar total and event-free survival

Peterson8*

(1994)
Male
Female

129,675
96,240

-
-

30-day mortality (3.0% vs. 3.8%);
1-yr mortality (7.8% vs. 8.2%)

Kelsey148

(1993)
Male
Female

1590
546

89
88

0.3 / 4.3 / 3.3
2.6 / 4.6 / 4.8

Bell42

(1993)
Male
Female

1508
593

90
87

3.1 / 0.6 / 2.1
5.4 / 0.7 / 2.9

Abbreviations:  D = in-hospital death; MI = in-hospital Q-wave myocardial infarction; CABG = emergency coronary
artery bypass grafting; MACE = major adverse cardiac events (death, MI, repeat revascularization); - = not reported
+ From the National Cardiovascular Network database
†  Multivessel PTCA or CABG
*  From the Medicare Provider Analysis and Review (MEDPAR) file
++ Primary PTCA for acute MI
** In-hospital complications unless otherwise stated
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Table 7.8.  Effect of Gender on Stent, Atherectomy, and Laser Outcomes

Series Modality Gender N Results

Jensen235

(2002)
Various Male 

Female
6064
2113

In-hospital outcomes were similar for males and
females.  Age > 70 was associated with higher in-
hospital mortality and MI than age < 70
(p < 0.0001)

Dangas209

(2001)
Various Male 

Female
347*/4583
180*/1805

Compared to African American males, African
American females had higher in-hospital mortality
(4.1% vs. 1.0%, p = 0.006), Q-MI (1.9% vs. 0.2%,
p = 0.037), and MACE (8.6% vs. 2.4%, p = 0.001). 
No difference in hospital outcome for Caucasion
males vs. females.  Female gender was an
independent predictor of 1-yr mortality

Watanabe223

(2001)
Stent/PTCA Male

Female
64,016
54,532

Females had 2-fold higher in-hospital mortality and
more in-hospital CABG

Thompson224

(2001)
Stent/PTCA

CABG

Male
Female
Male
Female

24,111
12,141
14,397
6338

After adjusting for baseline differences, females
had higher in-hospital mortality after CABG (but
not after stent/PTCA)

Sousa225

(2001)
Stent Male

Female
16,905
6848

Females had higher in-hospital mortality (1.8% vs.
0.9%, p < 0.0001), even after adjusting for baseline
differences

EPISTENT190

(2000)
Stent/PTCA Male

Female
2399
(total)

30-day death, MI, or urgent revascularization (male
vs. female): stent-placebo (10.5% vs. 11.7%);
stent-abciximab (4.2% vs. 8.7%); PTCA-abciximab
(7.6% vs. 5.1%). Females > 65 years with lower
30-day composite endpoint in PTCA/abciximab vs.
stent/abciximab groups (2.2% vs. 14.4%)

Ang198

(2000)
Various Male

Female
1861
723

No differences in procedural success, death, MI, or
stroke.  Females required more rePTCA (2.5% vs.
1.2%) and emergency CABG (2.9% vs. 1.4%)

Weintraub136

(1998)
Stent Male

Female
1046
410

Females had higher in-hospital mortality (1.0% vs.
0.7%), 6-month mortality (4.3% vs. 2.9%), and
restenosis (27% vs. 22%)

Lansky93

(1997)
Various Male

Female
1983
1076

Females had lower acute angiographic success
(82% vs. 87%), more in-hospital CABG (3% vs.
1.6%), similar 1-yr death (~5.5%) and CABG
(~11%), and less repeat PTCA (21% vs. 24%)

Mehran91

(1997)
Stent Male

Female
836
364

Females had higher in-hospital Q-MI (1.3% vs.
0.4%) and vascular complications (9.4% vs. 3.9%),
but similar clinical events at 6 months

Nasser92

(1997)
Stent Male

Female
396
149

No difference in in-hospital events or clinical
follow-up at 9 months

Hermiller86

(1996)
Bailout
stent

Male
Female

606
270

Females had similar ischemic complications but
more vascular complications (13% vs. 5%)
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Table 7.8.  Effect of Gender on Stent, Atherectomy, and Laser Outcomes

Series Modality Gender N Results

STRESS45

(1995)
PSS Male

Female
170
35

Females had similar EFS (83% vs. 80%), restenosis
(36% vs. 30%), and TLR (14%) at 8 months. 
Females were older, had smaller vessels, and
developed more peripheral vascular complications
(14% vs. 5%)

Fishman19

(1995)
Stent or
DCA

Male
Female

413
91

Females had lower procedural success (89% vs.
96%), similar major complications (~1%), and >
peripheral vascular complications (25% vs. 9%)

Baumbach46

(1994)
ELCA Male

Female
1156
365

Females had 2.5-fold increase in severe dissection
and 2.4-fold increase in perforation

Combs47

(1994)
PTCA +
DCA

Male
Female

982
406

Females had more acute closure (5.2% vs 2.7%). 
Emergency CABG and procedural success rates
were equivalent

Ellis49

(1994)
ROTA Male

Female
243
82

Females had a 2.4-fold increase in procedural
failure and a 3-fold increase in ischemic
complications

Casale51

(1993)
ROTA Male

Female
1951
785

Females had lower success (93% vs. 95%) and
more ischemic complication (12.5% vs 7.4%). 
Females were older, and had more diabetes,
unstable angina, and calcified lesions

Movsowitz54

(1994)
DCA Male

Female
281
137

Females had lower procedural success (68% vs.
80%), primarily due to inability to engage the
ostium (with the guiding catheter) and the inability
to cross the lesion with the device due to smaller
vessel size

Abbreviations: CABG = coronary artery bypass grafting; DCA = directional coronary atherectomy; EFS = event-free survival
(without death, MI, CABG, re-PTCA); GRS = Gianturco-Roubin stent; MI = myocardial infarction; PSS = Palmaz Schatz stent;
ROTA = Rotablator; TLR = target lesion revascularization
* African-Americans

DIABETICS

A. BACKGROUND.   Patients with insulin-dependent diabetes mellitus (Type I) are prone to micro- and
macrovascular complications, whereas those with non-insulin dependent diabetes (Type II) are more
prone to macrovascular complications.162  The most important manifestation of macrovascular disease
is coronary artery disease due to accelerated atherosclerosis, which causes nearly 50% of deaths in these
patients.  Compared to nondiabetics, patients with diabetes mellitus have a 2-3-fold higher rate of
coronary artery disease, and are at increased risk for myocardial infarction, congestive heart failure, and
death.149,172,174 Experimental studies suggest enhanced platelet, coagulation, and vasoconstrictor activity,
more endothelial dysfunction, and reduced fibrinolytic capacity in diabetics, predisposing to a
hypercoagulable state and more ischemic events (Table 7.10).153,159,172,175
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Table 7.9.  Results of Coronary Intervention in African-Americans

Series Modality Group N
Success

(%)
Complications (%)+

D / Q-MI / CABG Other (Black vs. White)

Dangas209

(2001)
Various Black female

Black male
White female
White male

180
347

1805
4583

-
-
-
-

4.1 / 1.9 / -
1.0 / 0.2 / -
1.2 / 0.4 / -
0.9 / 0.7 / -

Female gender was a
predictor of higher 1-yr
mortality

Dangas195

(2000)
Various Black

White
555

5738
-
-

2.3 / 0.9 / 2.9
0.9 / 0.7 / 1.4

1-yr outcomes: death
(11% vs. 6%); MACE
(29% vs. 26%)

Wong127

(1999)
PTCA Black

White
1137

20,464
-
-

0.9 / 0.4 / 0.6
0.9 / 0.3 / 1.5

Scott57

(1994)
PTCA Black

White
76

1939
76*
79*

0 / 7 / 4
1 / 5 / 4

5-yr outcomes: death
(11% vs. 10%); MI (13%
vs. 14%); CABG (20% vs.
19%); re-PTCA (25% vs.
28%); asymptomatic
(66% vs. 81%)

Chuang58

(1994)
Various Black

White
169

1955
92
91

4.1 / 1.2 / 2.4
0.6 / 0.9 / 3.4

1-yr outcomes: death
(1.5% vs. 1.6%); MI
(0.8% vs. 1.4%); CABG
(9% vs. 8%); re-PTCA
(21% vs. 18%)

Scott59

(1993)
PTCA Black male

Black female
337
160

88
91

0.6 / 2.1 / 4.8
1.9 / 0.4 / 4.4

No difference in survival
(~ 79%) or EFS (~ 35%)
at 8 years

Abbreviations:  D = in-hospital death; MI = in-hospital Q-wave myocardial infarction (some studies did not distinguish
between Q-wave and non-Q-wave MI); CABG = emergency coronary artery bypass grafting; EFS = event-free survival
*  Clinical success: Final diameter stenosis < 50% without death, MI, or emergency CABG
+ In-hospital

B. BYPASS SURGERY.  Compared to nondiabetics, patients with diabetes have more in-hospital death
and stroke, shorter long-term survival, and more late MI, redo CABG, and PTCA (Table 7.11).60,61

Approximately 20-25% of diabetics die within 5 years of CABG.  Even after correction for differences
in baseline characteristics (unstable angina, lower EF, multivessel disease, other comorbidity), diabetes
mellitus remains a strong independent predictor of adverse outcome.  
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Table 7.10. Factors Associated with Diabetes Mellitus That Facilitate Coronary Arteriosclerosis
and Adverse Outcomes172

Clinical Factors
Advanced age
Female gender
Obesity
Hypertension
Hyperlipidemia
Prior MI
Prior CABG

Biological Factors
Endothelial dysfunction
Reduction in coronary flow reserve
Increased platelet activity
Increased secretion of thromboxane-A2

Increased platelet activation
Higher levels of fibrinogen and factor VII
Less antithrombin III activity
High levels of plasminogen activation inhibitor

Angiographic Factors
Small vessels, diffuse disease
Frequent multivessel and left main disease
More left ventricular dysfunction
Poor coronary collateral development
More thrombus formation

C. BALLOON ANGIOPLASTY
1. Procedural Results (Table 7.11).  Approximately 20% of patients undergoing coronary

intervention have diabetes mellitus.  Most PTCA series indicate similar success rates (~ 90%)
among diabetics and nondiabetics,62-64,143 despite more unstable angina, prior MI, prior CABG,
peripheral vascular disease, coronary calcification, and lower ejection fractions in diabetics.65

Abciximab (with or without stents) improves in-hospital, 30-day, and 6-month outcomes (death,
MI, revascularization), especially for insulin-dependent diabetics.142,160

2. Follow-up.  Compared to nondiabetics, diabetics have shorter long-term survival, more ischemic
cardiac events, and more target lesion revascularization after PTCA.60,62,63,65,116  Potential factors
include more diffuse disease, smaller vessels,126 and more intimal hyperplasia after vessel injury.176

Importantly, diabetics appear to have a greater propensity for plaque rupture and thrombosis, owing
to increased blood viscosity, more platelet aggregation, production of procoagulant factors,
decreased synthesis of prostacyclin, and impaired fibrinolysis. The impact of diabetes mellitus on
restenosis was controversial, but most reports indicate higher restenosis rates.66-71  In  the  Bypass
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Angioplasty  Revascularization Investigation (BARI) trial, diabetics treated with PTCA had higher
5-year mortality than those treated with CABG (35% vs. 19%, p = 0.0024),60 with a relative risk
of late death of 3.1.117,118 The survival advantage with CABG was limited to diabetics who received
internal mammary bypass grafts,118 and was most pronounced in diabetics with prior MI and LV
dysfunction.171 At 7 years, the survival advantage for CABG continued to increase (mortality:
44.3% for PTCA vs. 25.6% for CABG, p < 0.001).207  In contrast, two studies, including the
nonrandomized BARI registry,164 reported no difference in 5-year survival for diabetic patients
treated by CABG vs. PTCA.116  Differences in late mortality between studies may be partially
explained by differences in case selection, glycemic control, proteinuria, and the prevalence of
insulin-dependent diabetes (which seems to be associated with a worse prognosis than non-insulin
dependent diabetes).115,130,132,164  In some studies128,145 but not in others, elevation of hemoglobin A1c

levels and suboptimal glycemic control were associated with a worse late outcome.144,162  Diabetics
with proteinuria had worse 2-year survival after percutaneous intervention compared to
nondiabetics and diabetics without proteinuria.163,173  The combination of diabetes and renal
insufficiency identified an extremely high-risk group for 1-year death or MI (25.9%), compared to
diabetics without renal insufficiency (7.8%) and nondiabetics with normal renal function (4.2%).203

Finally, diabetics have a higher incidence of incomplete revascularization with PTCA, which is an
important confounding variable when interpreting survival studies.155

3. Acute MI.  In the GUSTO-IIb angioplasty substudy, primary PTCA for acute MI was equally
successful in diabetics and nondiabetics, despite worse baseline clinical and angiographic
characteristics in diabetics.  In diabetics, primary PTCA was more effective than intravenous
thrombolytic therapy.180 In STENT-PAMI, primary PTCA or stenting for acute MI were equally
effective in diabetics.200

D. NON-BALLOON DEVICES. In CAVEAT-I, compared to non-diabetics undergoing directional
atherectomy, diabetics had more angiographic restenosis (60% vs. 47%) and more frequent bypass
surgery (12.8% vs. 8.5%).95 Results from STRESS I-II trials suggest that stenting may be preferred over
PTCA in diabetics (Table 7.12).98 Most studies reported higher restenosis rates after stenting and other
devices in diabetics vs. nondiabetics,96,97,99,130,131,138,141,158 although other reports found no
difference.105,125,139,140,152 Importantly, results from RAVEL indicated 0% restenosis among 19 diabetics
treated with the sirolimus-eluting BX Velocity stent.237   Serial IVUS studies suggest more late intimal
hyperplasia after all percutaneous interventions in diabetics compared to nondiabetics.150  The BARI-II
trial will randomize 2600 Type-2 diabetics with stable coronary artery disease to elective percutaneous
intervention or aggressive medical therapy, and to tight glycemic control (HgbA1c < 7.5) with insulin
or insulin-sensitizing drugs.

E. CONCLUSIONS.  Compared to nondiabetics, diabetics undergoing PTCA have similar angiographic
success but a trend toward higher in-hospital complications; long-term survival after percutaneous or
surgical revascularization is reduced.  Late vessel occlusion after PTCA is a common manifestation of
restenosis, and may partially explain deterioration in LV function and higher mortality rates.124  Given
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the high mortality rates following revascularization, aggressive risk factor modification is recommended
to retard progressive disease at non-PTCA sites.  Since a 1% increment in hemoglobin A1c levels is
associated with a 10% increase in risk of ischemic heart disease, glycemic control, antihypertensive
therapy, and lipid-lowering treatment is crucial, especially in patients with Type-2 diabetes.162  Other
important risk-reduction measures, including the use of ACE inhibitors, aspirin, smoking cessation, diet,
weight control, and exercise are detailed in Chapter 41.

CHRONIC DIALYSIS PATIENTS

A. BACKGROUND.  Coronary artery disease is responsible for more than 40% of deaths among patients
with end-stage renal disease.  CABG is feasible for patients on dialysis, but operative mortality is
increased.72-73

B. BALLOON ANGIOPLASTY.  As shown in Table 7.13, residual stenosis < 50% can be achieved in
90% of cases, but major ischemic complications (particularly non-Q-wave MI) are increased, especially
in those > 65 years of age.74,161 Even mild renal insufficiency prior to percutaneous revascularization
increases the risk of cardiac mortality in the years following successful intervention.216 Despite platelet
and coagulation abnormalities in patients with chromic renal insufficiency, abciximab does not appear
to increase the risk of major bleeding complications.217

C. STENTS.  Acute angiographic results and procedural success rates after stenting are similar for dialysis
and non-dialysis patients.  However, in-hospital ischemic complications and 1-year rates of death and
MI are higher in dialysis patients.161,196,202

D. FOLLOW-UP.  Compared to the general PTCA population, dialysis patients have a higher incidence
of restenosis (50-70% vs. 20-40%) and recurrent cardiac events at 1 year (50-80% vs. 20-35%).
Although perioperative mortality is higher after CABG compared to PTCA, 1- and 2-year survival is
better after CABG.134

E. CONCLUSIONS.  Percutaneous revascularization of chromic dialysis patients is associated with high
rates of ischemic and vascular complications and restenosis.  In the largest report to date, patients on
hemodialysis undergoing PTCA or CABG had 2-3 fold higher mortality at 1 and 12 months compared
to the general PTCA population.74 Despite stenting, patients with renal insufficiency (on or off dialysis)
have more ischemic complications and higher mortality than patients with normal renal function.133,146
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Table 7.11.  Results of PTCA in Patients with Diabetes Mellitus

Series Group N
Success

(%)
Complications (%)++

D / Q-MI / CABG Comments

DESTINI210

(2001)
PTCA Diabetic*
PTCA Nondiabetic*

70
296

-
-

0 / 2.9+ / 0
0/ 3.0+ / 0.7

Diabetics had lower EFS at 1 year (71% vs.
84%)

Sedlis226

(2001)
PCI Diabetic
CABG Diabetic

454
overall

-
-

-
-

Randomized trial of diabetics at high-risk for
CABG (refractory unstable angina and prior
CABG, MI < 7 days, LVEF 
< 35%, or IABP to stabilize).  3-yr survival
similar (79% vs. 80%)

BARI60,207

(2000)
PTCA Diabetic 
CABG Diabetic 

174
183

-
-

0.6 / - / -
1.2 / - / -

PTCA group had more death (44% vs. 26%),
MI (9.2% vs. 5.7%), and repeat
revascularization (70% vs. 11%) at 7 years

Wong201

(2000)
PTCA Diabetic
PTCA Nondiabetic

4372
18,366

-
-

1.4 / 0.3 / 1.3
0.8 / 0.3 / 1.5

Diabetics had more dialysis (0.55% vs.
0.05%) and longer hospital stay (6.4 days vs.
5.5 days)

Gowda114

(1998)
PTCA Diabetic
PTCA Nondiabetic

77
299

96
97

-
-

Diabetics had similar survival (92% vs. 94%)
but lower EFS (55% vs. 67%) at 1 year

Weintraub115

(1998)
PTCA Diabetic
CABG Diabetic

834
1805

-
-

0.4 / - / -
5.0 / - / -

Survival was similar for PTCA vs. CABG at 5
years (78% vs. 76%) and 10 years (45% vs.
48%).  Survival was worse for insulin-
dependent diabetics after PTCA

Van Belle105

(1997)
PTCA Diabetic
PTCA Nondiabetic

57
243

-
-

-
-

Diabetics had more restenosis (63% vs. 36%),
late loss (0.79 mm vs. 0.41 mm), and late
vessel occlusion (14% vs. 3%)

Weintraub61

(1995)
CABG Diabetic
CABG Nondiabetic 

2372
10,291

-
-

4.2 / - / -
1.8 / - / -

Diabetics had more stroke (3.1% vs. 1.5%),
higher mortality at 5 years (26% vs. 13%) and
10 years (50% vs. 28%), and more late MI and
revascularization

Stein62

(1995)
PTCA Diabetic
PTCA Nondiabetic 

1133
9300

87
89

0.4 / 0.6 / 2.3
0.3 / 0.9 / 2.1

5-yr outcomes: death (17% vs. 7%); MI (19%
vs. 11%); CABG (23% vs. 14%); PTCA (43%
vs. 32%); EFS (36% vs. 53%)

Faxon63

(1995)
PTCA Diabetic
PTCA Nondiabetic 

280
1833

85
87

3.2 / - /  -
0.5 / - / -

8-yr outcomes: death (31% vs. 15%); MI
(30% vs. 18%); CABG (34% vs. 26%). 
Diabetics had a 75% increased risk of death
after controlling for baseline differences

Abbreviations:  CABG = emergency coronary artery bypass grafting; D = in-hospital death; EFS = event-free survival (without death,
MI, CABG, or re-PTCA); IABP = intra-aortic balloon pump; MI = in-hospital Q-wave myocardial infarction; PCI = percutaneous
coronary intervention; TLR = target lesion revascularization; - = not reported
Acronyms: BARI = Bypass Angioplasty Revascularization Investigation; DESTINI = Doppler Endpoint Stenting International
Investigation Coronary Flow Reserve
*  Doppler-guided optimal PTCA
+  Q-wave plus non-Q-wave MI
++ In-hospital
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Table 7.12.  Results of Stenting in Patients with Diabetes Mellitus

Series Group N Results

RAVEL237

(2002)
Sirolimus Stent Diabetic
Standard Stent Diabetic

19
25

Sirolimus-eluting stent with less late loss (0.07 mm vs. 0.82
mm, p < 0.001) and less restenosis (0% vs. 47%, p = 0.002)
at 6 months

Wilson232

(2002)
Stent Diabetic
Stent Nondiabetic

851
851

Stents in ~ 80%.  Procedural success 97% in both groups. 
Diabetics had higher mortality at 2.4 years (14.2% vs.
6.8%, p = 0.002)

Kawaguchi233

(2002)
Stent Diabetic
Cutting Balloon Diabetic

35
51

Reference vessel diameter < 2.6 mm.  Stent group had 
higher acute success (97.1% vs. 80.7%, p = 0.02) and
similar restenosis (41% vs. 32%) and MACE (38% vs.
32%) at 6 months

Abizaid212

(2001)
Stent Diabetic
Stent Nondiabetic

195
560

Elective multivessel stenting.  Similar procedural success
and in-hospital MACE.  Diabetics had more TLR (17.7%
vs. 9.1%, p = 0.004) and MACE (34.8% vs. 19.2%, p <
0.001) at 1 year

DESTINI210

(2001)
Stent Diabetic
Stent Nondiabetic

65
302

In-hospital results (diabetic vs. nondiabetic): no deaths; MI
(4.6% vs. 2.3%); CABG (0% vs. 1%). 1-yr follow-up: EFS
(72% vs. 79%); CABG (9.4% vs. 1.7%); rePTCA (17% vs.
17%)

CADILLAC211

(2001)
Stent Diabetic
PTCA Diabetic

184
162

Stenting vs. PTCA with and without abciximab for acute
MI.  Stent group had less ischemic TVR at 6 months (7.1%
vs. 17.3%, p = 0.0003) vs. PTCA, but similar death,
reinfarction, disabling stroke, and MACE.  6-month MACE
was increased in diabetics vs. nondiabetics (17.1% vs.
12.3%,
p < 0.02)

Kugelmass227

(2001)
Stent Diabetic (male)
Stent Diabetic (female)

409
314

Procedural success higher in females (92.6% vs. 87.5%, p =
0.026); no difference in in-hospital death or emergency
CABG

Villareal193

(2000)
Stent Diabetic
CABG Diabetic

468
762

CABG group had more in-hospital death (5.5% vs. 0.4%)
and MI (5% vs. 1.5%), but less TLR (0.4% vs. 3.2%).  2-yr
survival for NIDDM better with stents

Dangas194

(2000)
Stent Nondiabetic
Stent NIDDM
Stent IDDM

584
121
89

Multivessel stenting.  Significant difference in 1-yr MACE
(nondiabetic 24.8% vs. NIDDM 37.9% vs. IDDM 48.6%, p
< 0.001) and 1-yr TVR (10.7% vs. 17.9% vs. 25.7%, p =
0.01).  No difference in angiographic success or in-hospital
MACE

STENT-PAMI200

(2000)
Stent Diabetic
PTCA Diabetic
Stent Nondiabetic
PTCA Nondiabetic

72
63

377
381

Randomized trial for acute MI.  Death, recurrent MI, stroke,
or ischemic TVR at 1 year: nondiabetics (stent 17% vs.
PTCA 25%, p = 0.005); diabetics (stent 20% vs. PTCA
30%, p = 0.21)
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Table 7.12.  Results of Stenting in Patients with Diabetes Mellitus

Series Group N Results

Ahmed
(2000)

Stent Diabetic (SVG)
Stent Nondiabetic (SVG)

290
608

Diabetics had higher in-hospital mortality (2.2% vs. 0.3%, p
= 0.003), 1-yr TLR (16.6% vs. 12.3%, p = 0.03), and lower
1-yr EFS (68% vs. 79%, p = 0.0003).  No difference in
early or late outcomes between IDDM vs. NIDDM

Pereira204

(2000)
Stent Diabetic
CABG Diabetic

44
46

Randomized trial.  Similar MACE at 1 year (22.7% vs.
19.5%)

Schofer178

(2000)
Stent Nondiabetic
Stent IDDM
Stent NIDDM

1439
48

177

Nondiabetics with less late loss, lower loss index, and less
TLR than diabetics; no difference between IDDM and
NIDDM

Gaxiola179

(2000)
Stent Diabetic
Stent Nondiabetic

118
430

In-hospital outcomes: death (0.8% vs. 0.5%); MI (0.8% vs.
0.5%); CABG (1.7% vs. 0.5).  Diabetics with more late
TLR (26% vs 13%) and CABG (12% vs. 3%).  Multiple
stents and diabetes were independent predictors of TLR

Silva181

(1999)
Stent Diabetic
Stent Nondiabetic

28
76

Primary stenting for acute MI.  MACE at 1 and 6 months
were higher in diabetics than nondiabetics; EFS at 6 months
was worse in diabetics (54% vs. 88%)

Joseph177

(1999)
Stent Nondiabetic
Stent IDDM
Stent NIDDM

1910
58

214

In-hospital outcomes (nondiabetics vs. IDDM vs. NIDDM):
death (0.8% vs. 0% vs. 0.5%); MI (1.4% vs. 0% vs. 0.5%);
CABG (0.1% vs. 0% vs. 0%). Greater 1-yr survival in
NIDDM vs. IDDM (97% vs. 90.7%), but similar TLR
(10.5% vs. 8.2%)

Gencbay132

(1999)
Stent Nondiabetic
Stent NIDDM

96
96

Similar angiographic restenosis at 6 months (18% vs. 17%)

Alonso131

(1999)
Stent Nondiabetic
Stent Diabetic

849
134

MACE at 28 months was higher in diabetics (54% vs. 33%)

Bhaskaran129

(1999)
Stent Diabetic
PTCA Diabetic

188
570

Stent group had higher acute success (99.5% vs. 96%),
higher 1-yr EFS (91% vs. 78%) and less TLR (8% vs.
16.3%)

Lansky130

(1999)
Stent Nondiabetic
Stent NIDDM
Stent IDDM

386
76

102

Similar in-hospital outcomes.  1-yr TLR was highest in
IDDM (27%) compared to NIDDM (10.4%) and non-
diabetics (13.4%)

Carrozza141

(1998)
Stent Diabetic
Stent Nondiabetic

-
-

Diabetics had more late loss, late loss index, angiographic
restenosis (31% vs. 24%), and TLR (15% vs. 10%)

STRESS98

(1997)
Stent Diabetic
PTCA Diabetic 

47
45

Stent group had higher acute success (100% vs. 82%), less
restenosis (24% vs. 60%), and less TLR (13% vs. 31%)

Abbreviations:  EFS = event-free survival; IDDM = insulin-dependent diabetes mellitus; MACE = major adverse
cardiac events; MI = myocardial infarction; NIDDM = non-insulin-dependent diabetes mellitus; TLR = target lesion
revascularization
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Table 7.13.  Revascularization of Chronic Dialysis Patients

Series Modality Group N Success (%)
Complications (%)
D / Q-MI / CABG

Rinder228

(2001)
Stent
Stent

Dialysis
No Dialysis

27
989

-
-

MACE at 9 months (29.6% vs. 20.9%)

Sharma196

(2000)
ROTA/Stent 
ROTA/Stent

Dialysis
No dialysis

157
803

96
-

Early MACE Late (20 mos)
     1.8 12.1 / - / TVR 28
       - 2.8 / - / -

Beygui202

(2000)
PTCA++

PTCA++
Dialysis
No dialysis

119
1328

91
91

Early MACE (6 mos)
2.5 / 3.9 / -         52
1 / 1.5 / -         37

LeFeuvre161

(2000)
Stent
PTCA
Stent
PTCA

Dialysis
No Dialysis
Dialysis
No Dialysis

27
250
60

864

96
97
85
90

Early Late
7 / 0 / 0 15 / 0 / 35*
1.6 / 0.4 / 0.8 1.6 / 2 / 27*
0 / 0 / 0 12 / 0 / 36*
1.6 / 0.8 / 0.2 4 / 4 / 41*

Gruberg133

(1999)
Stent
Stent
Stent

Dialysis
CRF
Normal

53
340

4018

-
-
-

Early Late
4.9 / 1.6 / 1.6           34 / 0 / 16*
3.2 / 0.5 / 0.8           14 / 0.3 / 9*
0.8 / 0.5 / 1.2           4.1 / 0.4 / 14*

Dambrin206

(1999)
Stent
Stent

Dialysis
No dialysis

21
211

96
97

In-hospital MACE
12
3

Late MACE/death
32 / 19
23.5 / 2

Simsir119

(1998)
PTCA
CABG

Dialysis
Dialysis

19
22

-
-

In-hospital mortality (5.3% vs. 4.5%) 

Chang100

(1997)
PTCA
CABG

Dialysis
Dialysis

105
84

94
-

Mortality in-hospital (8.7% vs. 14.5%)
and at 22 months (53% vs. 49%)

Gradaus101

(1997)
PTCA
PTCA

Dialysis
No dialysis

20
20

-
-

Restenosis (60% vs. 49%)

Koyanogi120

(1996)
PTCA
CABG

Dialysis
Dialysis

20
23

76
-

EFS at 5 years (18% vs. 70%)

Ahmed74

(1995)
CABG
PTCA
PTCA

Dialysis
Dialysis
No dialysis

168
202

58,837

-
-
-

Mortality at 30 days (8.9% vs. 5.4% vs.
2.8%) and at 1 year (32% vs. 32% vs. 8%)

Abbreviations: D = death; MI = Q-wave myocardial infarction; CABG = coronary artery bypass grafting; TLR = target lesion
revascularization; TVR = target vessel revascularization; CRF = chronic renal failure; ROTA = Rotablator; MACE =
death/MI/PTCA/CABG; - = not reported
* Target lesion revascularization
++ Provisional stenting
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CARDIAC TRANSPLANT PATIENTS

A. BACKGROUND.   Coronary artery disease affects 20-40% of allografts 1-5 years after transplantation,
and is the leading cause of death among patients who survive more than one year.  Angiographic
findings of allograft arteriopathy range from focal stenoses to diffuse involvement of the entire
epicardial coronary circulation.  Because allograft hearts are denervated, angina pectoris is distinctly
uncommon;  clinical presentations typically include myocardial infarction, heart failure, or sudden
death.  Medical therapy consists of risk-factor modification, immunosuppressive and antiplatelet agents,
diet, and exercise.  Diltiazem75 and lipid-lowering agents may retard the  progression of coronary
disease and are uniformly recommended, even in the absence of hyperlipidemia.  Limitations of bypass
surgery include early problems with wound healing and infection, and late disease progression.  Re-
transplantation is feasible but is associated with significant postoperative mortality and a 50%
recurrence rate. 

B. PERCUTANEOUS REVASCULARIZATION (Table 7.14).   PTCA, atherectomy, and stents have
been applied to small numbers of patients.  Combined data show success in 95% and in-hospital
mortality in 5%.  Results are slightly better with stents.

C. FOLLOW-UP.  In a multicenter report,76 39% of PTCA patients died or required retransplantation at
19 months, and actuarial survival at 5-years was only 30%.  Restenosis rates ranged from 33-55%.  

D. CONCLUSIONS.  PTCA and stenting can be performed with acceptable success and complication
rates in cardiac transplant patients with focal or tubular stenoses, although repeat intervention may be
required.  Data on restenosis are incomplete.  

SILENT ISCHEMIA

A. BACKGROUND.  The presence of silent ischemia increases the risk of adverse cardiac events.45

Findings from the Asymptomatic Cardiac Ischemia Pilot (ACIP) trial suggest that compared to medical
therapy alone, revascularization may improve the extent and frequency of exercise-induced ischemia,80

anginal status, and 1-year survival.81,82

B. PTCA.  Following successful PTCA, objective evidence of ischemia was alleviated in 53-93% of
patients at 3-6 months;83,84 3-year total and infarct-free survival was 98% and 96%, respectively.83

C. CONCLUSIONS.  Elective PTCA on patients with silent ischemia is safe and effective.  The ACIP
and other ongoing randomized trials will determine whether suppression of silent ischemia by PTCA
or bypass surgery improves long-term outcome.
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Table 7.14.  Coronary Intervention in Cardiac Transplant Patients

Series Modality N
Success

(%)
Complications (%)
D / Q-MI / CABG Other

Casey234

(2002)
Stent/PTCA 27 96 - / 0 / 0 1 MI at 13 months and 2

CABG procedures at 5 and 12
months. No difference in
restenosis between stent and
PTCA groups (41% vs. 53%)

Takano235

(2002)
Various 35 93 - Restenosis (44%)

Patel121

(1997)
PTCA
ROTA 
CABG
TMR

CABG/TMR

10
6
5
1
1

100
100
60

100
100

- -

Jain103

(1997)
Stent 10 100 0 -

Heublein122

(1997)
Stent 27 100 0 / 0 /  - Restenosis (25%)

Wong220

(1997)
Stent 12 100 - Subacute thrombosis (8.3%)

Halle76

(1995)
PTCA
DCA

CABG

66
11
12

94
82
-

 8 / - / -
18 / - / -
33 / - / -

Allograft survival†

61% at 19 months
82% at 8 months
58% at 9 months

Abbreviations: ROTA = Rotablator; TMR = transmyocardial laser revascularization; D = in-hospital death; MI = in-hospital
Q-wave myocardial infarction; CABG = emergency coronary artery bypass grafting; - = not reported
† Freedom from death or re-transplantation

* * * * * 
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