
Original Article

Independent Predictors of In-Hospital Outcomes Following Coronary 
Stent Implantation

Antônio José Neri-Souza, Bruno Machado Aguiar, André Borges Coelho, Anderson Jorge Lima Nascimento, Waldemar 
Souza Oliveira Júnior, Antonio Gilson Lapa Godinho, Nilson Borges Ramos, Álvaro Rabelo Júnior
Fundação Bahiana de Cardiologia, Universidade Federal da Bahia - Salvador, BA - Brazil

Correspondência: Antônio José Neri-Souza •  
Rua Tenente Fernando Tuy, 318/1701 – 41810-780 – Salvador, BA - Brazil 
E-mail: nerisouza@cardiol.br  
Received on 03/27/05 • Accepted on 11/11/05

Objective: To identify independent clinical and angiographic predictors determining early outcomes following coronary stent 
implantation.

Methods: Nine hundred and forty six patients with a mean age of 61.04 ± 10.98 years (31 to 91 years of age) underwent stent 
implantation; 580 were males (61.3%). Procedural success was defined when a patient had at least one vessel successfully dila-
ted with a residual stenosis < 20%. Clinical success occurred when the procedure was successful and no major complications 
occurred (MI, need for CABG, or death) during the hospital stay. Clinical and angiographic characteristics were analyzed. All 
variables related to early outcomes as assessed by the univariate analysis were included in the logistic regression model.

Results: Procedural success was achieved in 98.9%, clinical success in 95.7%, uncomplicated unsuccessful outcomes occurred 
in 0.1%, and major complications in 4.2%. The multivariate analysis showed that restenotic lesion, calcification, and irregular 
contour were related to procedural success. Diabetes mellitus, cardiogenic shock, acute coronary syndromes, age, left ventri-
cular dysfunction, calcification, and total occlusion were predictors of clinical success. Diabetes mellitus, cardiogenic shock, 
acute coronary syndromes, age, multivessel disease, left ventricular dysfunction, calcification, long lesions, and total occlusion 
were predictors of major complications, whereas cardiogenic shock, acute coronary syndromes, age, hypertension, and left 
ventricular dysfunction were predictors of in-hospital mortality.

Conclusion: Our results suggest that the early outcomes following stent implantation were significantly related to cardiogenic 
shock, left ventricular dysfunction, age, calcification, and total occlusion.
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The introduction of percutaneous transluminal coronary 
angioplasty by Grüntzig1 in 1977 represented a milestone 
in the treatment of coronary artery disease (CAD), and 
its indications became remarkably more widespread 
thereafter. Several factors contributed to increase success 
rates and reduce the number of complications, in addition 
to broadening the indications for the procedure, such as 
greater operator’s expertise and technological evolution 
represented by the use of stents and platelet glycoprotein 
IIb/IIIa inhibitors2-4.

Concurrently, clinical and angiographic characteristics as 
well as characteristics related to the procedure have been 
identified as determinants of early outcomes. Based on 
these observations, the American College of Cardiology and 
the American Heart Association conceived a classification 
according to angiographic criteria to estimate the probability 
of early success and occurrence of complications5-6.

Several studies have sought to identify predictors of in-
hospital outcomes following stent implantation, and some 
authors have developed prediction models of in-hospital 
events7-21. Risk estimates are important to assess outcomes as 

well as to help patients and their relatives to consent to the 
performance of the procedure. They are also important to help 
doctors choose or avoid a determined strategy or medication 
during the procedure. 

Our objective is to analyze in-hospital outcomes of patients 
undergoing stent implantation, and to identify independent 
clinical and angiographic predictors related to success and 
major complications. 

Methods
Patients - Nine hundred and forty six patients consecutively 

underwent stent implantation in 1,045 lesions from October 
1995 to December 2002. ���������������������������������    Five hundred and eighty patients 
were males (61.3%) and 366 were females (38.7%), with a 
mean age of 61.04 ± 10.98 (31 to 91) years. Two hundred 
and forty three patients (25.7%) had diabetes mellitus, 677 
(71.6%) had hypertension, 694 (73.4%) had dyslipidemia, and 
291 patients were smokers (25.5%). Two hundred and fifty 
nine patients had previous history of infarction (27.4%), 86 
of coronary artery bypass grafting (9.1%), and 47 of previous 
percutaneous coronary intervention in the treated vessel, 
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and which were, therefore, restenotic lesions (5.0%). Four 
hundred and sixty six patients had multivessel lesions (49.3%) 
and 273 had moderate to severe left ventricular dysfunction 
(28.9%). Prior to the intervention, 420 patients had stable 
angina (44.4%), 344 had unstable angina (36.4%) and 182 
had acute myocardial infarction (19.2%). Twenty two of the 
patients with MI were in cardiogenic shock (2.2%). The clinical 
characteristics are summarized in Table 1.

Lesions - One thousand and forty five lesions (1.11 
lesion/patient) were treated, 536 of them in the left anterior 
descending (51.2%), 313 in the right coronary artery (30.0%), 
157 in the left circumflex (15.0%), 8 in the left main coronary 
(0.8%), 25 saphenous vein bypass graft (2.4%) and 6 in the 
anastomosis of the left internal mammary artery to the left 
anterior descending (0.6%). Thirty five lesions (3.4%) involved 
angulations ≥ 45%, 145 were bifurcation lesions (13.9%), 130 
were calcified lesions (12.4%), 402 had irregular contours 
(38.5%), 286 lesions were ≥ 10 mm long (27.4%), 127 were 
total occlusions (12.2%), 33 were ostial lesions (3.2%), 32 
lesions had moderate to severe tortuosity in the proximal 
segment (3.1%) and 223 lesions had thrombus (21.3%). 
Seven hundred and fifty seven lesions were type B2 and 
C, considered complex lesions (72.4%). The angiographic 
characteristics are summarized in Table 2.

Procedure - The stent implantation procedure has already 
been described. ��������������������������������������������        The femoral approach was used in 95% of the 
cases22. Intravenous heparin was given in bolus (5,000 to 10,000 
IU) following femoral artery puncture. Different types of stents 
were implanted under fluoroscopic guidance. The extension and 
diameter of the stents used were chosen by the operators. The 
final outcome was based on angiographic control. All patients 
were given aspirin (100 to 200 mg orally, once a day) and 
ticlopidine (250 mg orally, twice a day) or clopidogrel (initial dose 
of 300 mg orally, followed by 75 mg orally, once a day) starting 
48 hours prior to the procedure, when clinically possible.

Definitions - Diabetes Mellitus: patients were considered to 
have diabetes if they had been previously diagnosed as such, if 
they were on medications (oral hypoglycemic agents or insulin), 
or if they had been diagnosed in the current hospitalization. 
The criterion used for the diagnosis of diabetes mellitus was two 
fasting plasma glucose levels ≥ 140 mg/dl23 in the initial phase 
of the study, and ≥ 126 mg/dl as from July 1997 according to 
the definition of the American Diabetes Association24.

Stable angina was graded according to the Canadian 
Cardiovascular Society (CCS) classification25. Unstable 
angina was defined as angina of recent onset, progressive 
angina, angina at rest and post-infarction angina. Acute 
myocardial infarction was defined according to the World 
Health Organization26, 27. Patients with unstable angina or 
acute myocardial infarction were considered to have acute 
coronary syndromes. 

Angulation
     < 45º 1010 (96.6%)
     ≥ 45º, < 90º 27 (2.6%)
     ≥ 90º 8 (0.8%)
Bifurcation 145 (13.9%)
Calcification 130 (12.4%)
Irregular contour 402 (38.5%)
Eccentricity 886 (84.8%)
Lesion length
     < 10 mm 759 (72.6%)
     ≥ 10 mm. < 20 mm 249 (23.8%)
     > 20 mm 37 (3.5%)
Total occlusion
     < 3 months 124 (11.9%)
     > 3 months 3 (0.3%)
Ostial 33 (3.2%)
Type of lesion
     A 40 (3.8%)
     B1 248 (23.7%)
     B2 707 (67.7%)
     C 50 (4.8%)
Tortuosity
     Normal / mild 1013 (96.9%)
     Moderate 27 (2.6%)
     Severe 5 (0.5%)
Thrombus 223 (21.3%)

Table 2 - Angiographic characteristics

Mean age (years) 61.04 ± 10.98

Gender

     Male 580 (61.3%)

     Female 366 (38.7%)

Risk factors 

     Diabetes mellitus 243 (25.7%)

     Hypertension 677 (71.6%)

     Smoking 241 (25.5%)

     Dyslipidemia 694 (73.4%)

Previous Infarction 259 (27.4%)

Previous PCI (restenotic lesions) 47 (5.0%)

Previous myocardial revascularization 86 (9.1%)

Vessel disease

     Univessel 480 (50.7%)

     Multivessel 466 (49.3%)

Left ventricular function

     Normal / mild dysfunction 673 (71.1%)

     Moderate / severe dysfunction 273 (28.9%)

Clinical manifestation

     Stable angina 420 (44.4%)

     Unstable angina 344 (36.4%)

     Myocardial infarction 182 (19.2%)

     Cardiogenic shock 22 (2.3%)

PCI = percutaneous coronary intervention

Table 1 - Clinical characteristics
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Multivessel disease was defined as the presence of stenosis 
>50% for the left main coronary or >70% in at least two of 
the coronary branches (right coronary artery, left anterior 
descending, or left circumflex).

Left ventricular dysfunction was semi-quantitatively 
defined according to visual assessment as mild, moderate 
and severe. 

Procedural success was defined in cases where the vessel 
treated presented a residual lesion < 20% at the end of 
the procedure. Clinical success occurred when procedural 
success was achieved in the absence of major in-hospital 
complications (AMI, CABG, or death). Major complications 
included: AMI, need for coronary artery bypass grafting 
or death, the most severe complication always being the 
one considered. Non-complicated unsuccessful outcome 
occurred when the lesion was not successfully dilated, and 
no in-hospital complications occurred.

Statistical analysis - The SPSS statistical package for 
Windows version 9.0 was used for the statistical analysis. 
Continuous variables were expressed as mean value ± 
standard deviation. Categorical variables were expressed as 
proportions. The chi-square test or the Fisher’s exact test was 
used to test the differences between proportions. Odds ratios 
(OR) and their respective 95% confidence intervals (95% 
CI) were used as estimates of prevalence ratios of risks of 
association between variables.  Logistic regression models were 
constructed including clinical variables (age, diabetes mellitus, 
sex, systemic hypertension, dyslipidemia, smoking, clinical 
manifestations, previous infarction, previous percutaneous 
coronary intervention, previous coronary artery bypass 
grafting, multivessel disease, left ventricular dysfunction, and 
cardiogenic shock) and angiographic variables (angulation, 
bifurcation, calcification, irregular contour, eccentricity, lenght, 
ostial lesion, tortuosity, presence of thrombus, total occlusion). 
P values ≤0.05 were considered statistically significant. 

Results
Procedural success was observed in 98.9% of the cases. 

Clinical success was observed in 95.7%, non-complicated 
unsuccessful outcome in 0.1%, and major complications 
in 4.2%. The most frequent complication was death in 
22 patients (2.3%), followed by myocardial infarction in 
15 (1.6%), and myocardial revascularization in 3 patients 
(0.3%). Excluding patients with cardiogenic shock, 11 deaths 
(1.2%), 14 myocardial infarctions (1.5%), and 3 myocardial 
revascularizations (0.3%) occurred. 

Clinical characteristics - In-hospital results of the univariate 
analysis according to clinical characteristics are summarized in 
Table 3. Lower procedural success was observed in patients 
with a previous history of coronary artery bypass grafting 
(96.5% versus 99.2%; p=0.054). The variables related to 
lower clinical success were: clinical manifestations (97.4% 
for stable angina; 96.2% for unstable angina, and 90.7% for 
acute myocardial infarction; p=0.001); cardiogenic shock 
(45.5% versus 96.9%; p=0.0001); diabetes mellitus (92.6% 
versus 96.7%; p=0.006), multivessel disease (94.2% versus 
97.1%; p=0.04); systemic hypertension (94.8% versus 97.8%; 
p=0.051) and moderate to severe left ventricular dysfunction 

(92.3% versus 97.0%; p=0.002). Major complications were 
related to clinical manifestations (2.6% for stable angina; 3.5% 
for unstable angina and 9.3% for acute myocardial infarction; 
p=0.001); cardiogenic shock (54.5% versus 3.1%; p=0.0001); 
diabetes mellitus (7.0% versus 3.3%; p=0.013); multivessel 
disease (5.8% versus 2.7%; p=0.02) and moderate to severe 
left ventricular dysfunction (7.7% versus 2.8%; p=0.0008).    
Among the major complications, no variable was predictive 
of myocardial infarction. Restenotic lesion was predictive of 
myocardial revascularization (4.3% versus 0.1%; p=0.007).  
In-hospital death was related to the female gender (3.6% 
versus 1.6%; p=0.05), age ≥65 years (3.8% versus 1.4%; 
p<0.02), cardiogenic shock (50% versus 1.2%; p<0.0001), 
systemic hypertension (3.1% versus 0.4%; p<0.01), previous 
myocardial revascularization (5.8% versus 2.0%; p<0.05), 
multivessel disease (3.4% versus 1.3%; p<0.03), moderate 
to severe left ventricular dysfunction (5.9% versus 0.7%; 
p<0.0001) and acute coronary syndromes (0.5% for stable 
angina, 1.7% for unstable angina and 7.7% for myocardial 
infarction; p<0.0001).

Angiographic characteristics, type of lesion and vessel 
treated - In-hospital results of the univariate analysis, according 
to the angiographic characteristics and type of lesion are 
summarized in Table 4; and according to the vessel treated 
are in Table 5. Lower procedural success was observed in 
calcified lesions (95.4% versus 99.5%; p=0.001); in lesions 
with irregular contours (97.8% versus 99.7%; p=0.004) and 
in long lesions (97.3% in lesions ≥ 20 mm; 97.6% in lesions 
≥ 10 mm and 99.5% in lesions < 10 mm; p=0.03). Lower 
clinical success (91.5% versus 96.3%; p=0.014) and a higher 
percentage of complications (8.5% versus 3.6%; p=0.01) were 
observed in calcified lesions. Lesions ≥ 10 mm long showed 
lower procedural success (97.6% versus 99.5%; p=0.012), 
lower clinical success (93.7% versus 96.4%; p=0.052) and 
a higher percentage of complications (6.3% versus 3.4%; 
p=0.04). Total occlusions showed lower clinical success 
(92.1% versus 96.2%; p=0.04) and a higher percentage 
of complications (7.9% versus 3.7%; p=0.03). Lower 
clinical success (94.7% versus 98.3%; p=0.01) and a higher 
percentage of complications (5.3% versus 1.4%; p=0.003) 
were observed in complex lesions (lesions type B2 and C). 
Likewise, lesions in the left main coronary presented lower 
clinical success and a higher percentage of complications when 
compared to lesions treated in the left anterior descending 
(p<0.006), right coronary artery (p<0.003), left circumflex 
(p<0.004) and saphenous vein bypasses (p<0.04).

Multivariate analysis – clinical characteristics - The results of 
the multivariate analysis according to the clinical characteristics 
are summarized in Table 6. Previous coronary intervention 
(restenotic lesion) was the only independent clinical predictor 
of lower procedural success (OR = 0.18; 95% CI = 0.04 – 
0.88; p=0.04). The clinical variables identified as independent 
predictors of lower clinical success were: diabetes mellitus 
(OR = 0.47; 95% CI = 0.24 – 0.90; p=0.02); cardiogenic 
shock (OR = 0.03; 95% CI = 0.01 – 0.65; p=0.00001); acute 
coronary syndromes (OR = 0.48; 95% CI = 0.23 – 0.98; 
p=0.04); age (OR = 1.03; 95% CI = 1.00 – 1.06; p=0.03) 
and moderate to severe left ventricular dysfunction (OR = 
0.44; 95% CI = 0.23 – 0.84; p=0.01). The clinical variables 
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identified as independent predictors of major complications 
were: diabetes mellitus (OR = 2.00; 95% CI = 1.03 – 3.88; 
p=0.04); cardiogenic shock (OR = 40.20; 95% CI = 15.72 
– 102.79; p=0.00001); acute coronary syndromes (OR = 
0.47; 95% CI = 0.30 – 0.71; p=0.0004); age (OR = 0.97; 
95% CI = 0.94 – 0.99; p=0.03); multivessel disease (OR 
= 2.15; 95% CI = 1.08 – 4.30; p=0.03) and moderate to 
severe left ventricular dysfunction (OR = 2.55; 95% CI = 
1.33 – 4.89; p=0.005). Age (OR = 0.0015; 95% CI = 0.87 
– 0.97; p<0.002), cardiogenic shock (OR = 104.80; 95% 

Arq Bras Cardiol 2006; 87 : 386-394

CI = 32.68 – 336.07; p=0.00001), systemic hypertension 
(OR = 7.68; 95% CI = 1.09 – 58.67; p=0.05), moderate 
to severe left ventricular dysfunction (OR = 6.82; 95% CI = 
2.42 – 19.20; p=0.0003) and acute coronary syndromes (OR 
= 6.98; 95% CI = 1.58 – 30.74; p=0.01) were independent 
predictors of in-hospital mortality. 

Multivariate analysis – angiographic characteristics - The 
results of the multivariate analysis according to angiographic 
characteristics are summarized in Table 6. Among the 
angiographic variables, calcification (OR = 0.13; 95% CI = 

n Procedural success Clinical success
Non-complicated 
unsuccessful 
procedure

Major 
complications

n (%) n (%) n (%) n (%)
Gender
Male 580 576 (99.3%) 560 (96.6%) - 20 (3.4%)
Female 366 360 (98.4%) 345 (94.3%) 1 (0.3%) 20 (5.5%)
Age range
< 65 years 582 575 (98.8%) 562 (96.6%) 1 (0.2%) 19 (3.5%)
> 65 years 364 361 (99.2%) 343 (94.2%) - 21 (5.8%)
Clinical manifestation
Stable angina 420 417 (99.3%) 409 (97.4%)♣ - 11 (2.6%)♣
Unstable angina 344 339 (98.5%) 331 (96.2%) 1 (0.3%) 12 (3.5%)
MI 182 180 (98.9%) 165 (90.7%) - 17 (9.3%)
Diabetes mellitus
No 703 697 (99.1%) 680 (96.7%)** - 23 (3.3%)*
Yes 243 239 (98.4%) 225 (92.6%) 1 (0.4%) 17 (7.0%)
Hypertension
No 269 267 (99.3%) 263 (97.8%)* - 6 (2.2%)
Yes 677 669 (98.8%) 642 (94.8%) 1 (0.2%) 34 (5.0%)
Smoking
No 407 403 (99.0%) 389 (95.6%) 1 (0.2%) 17 (4.2%)
Yes 241 237 (98.3%) 230 (95.4%) - 11 (4.6%)
Former 298 296 (99.3%) 286 (96.0%) - 12 (4.0%)
Dyslipidemia
No 252 250 (99.2%) 239 (94.8%) - 13 (5.2%)
Yes 694 686 (98.8%) 666 (96.0%) 1 (0.1%) 27 (3.9%)
Previous MI
No 687 682 (99.3%) 657 (95.6%) 1 (0.2%) 29 (4.2%)
Yes 259 254 (98.1%) 248 (95.8%) - 11 (4.2%)
Previous MR
No 860 853 (99.2%)* 825 (95.9%) 1 (0.1%) 34 (4.0%)
Yes 86 83 (96.5%) 80 (93.0%) - 6 (7.0%)
Previous PCI
No 899 891 (99.1%) 861 (95.8%) 1 (0.1%) 37 (4.1%)
Yes 47 45 (95.7%) 44 (93.6%) - 3 (6.4%)
Univessel 480 477 (99.4%) 466 (97.1%)* 1 (0.2%) 13 (2.7%)*
Multivessel 466 459 (98.5%) 439 (94.2%) - 27 (5.8%)
Ventricular function
Normal / mild dysf. 673 668 (99.3%) 653 (97.0%)* 1 (0.2%) 19 (2.8%)♣
Moderate / severe dysf. 273 269 (98.5%) 252 (92.3%) - 21 (7.7%)
Disf. moderada / severa 273 269 (98,5%) 252 (92,3%) - 21 (7,7%)
* p≤ 0.05; ** p≤ 0.01; ♣ p≤ 0.001.

Table 3 - Early outcomes according to clinical characteristics
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n Procedural success Clinical success
Non-complicated 
unsuccessful 
procedure

Major 
complications

n (%) n (%) n (%) n (%)
Angulation
< 45º 1010 999 (98.9%) 967 (95.7%) 1 (0.1%) 42 (4.2%)
> 45º, < 90º 27 27 (100.0%) 26 (96.3%) - 1 (3.7%)
> 90º 8 8 (100.0%) 7 (87.5%) - 1 (12.5%)
Bifurcation
No 900 892 (99.1%) 864 (96.0%) 1 (0.1%) 35 (3.9%)
Yes 145 142 (97.9%) 136 (93.8%) - 9 (6.2%)
Calcification
No 915 910 (99.5%)♣ 881 (96.3%)** 1 (0.1%) 33 (3.6%)**
Yes 130 124 (95.4%) 119 (91.5%) - 11 (8.5%)
Irregular contour
No 643 641 (99.7%)** 620 (96.4%) 1 (0.2%) 22 (3.4%)
Yes 402 393 (97.8%) 380 (94.5%) - 22 (5.5%)
Eccentricity
No 159 159 (100.0%) 150 (94.3%) - 9 (3.4%)
Yes 886 875 (98.8%) 850 (95.9%) 1 (0.1%) 35 (4.0%)
Lesion length (millimeters)
< 10 759 755 (99.5%)* 732 (96.4%) 1 (0.1%) 26 (3.4%)
> 10, < 20 249 243 (97.6%) 234 (94.0%) - 15 (6.0%)
> 20 37 36 (97.3%) 34 (91.9%) - 3 (8.1%)
Total occlusion
No 918 907 (98.8%) 882 (96.1%)* 1 (0.1%) 35 (3.8%)*
< 3 months 124 124 (100.0%) 115 (92.7%) - 9 (7.3%)
≥ 3 months 3 3 (100.0%) 3 (100.0%) - -
Ostial
No 1012 1002 (99.0%) 970 (95.8%) 1 (0.1%) 41 (4.1%)
Yes 33 32 (97.0%) 30 (90.9%) - 3 (9.1%)
Tortuosity
No 1013 1002 (98.9%) 969 (95.7%) 1 (0.1%) 43 (4.2%)
Mod 27 27 (100.0%) 26 (96.3%) - 1 (3.7%)
Sev 5 5 (100.0%) 5 (100.0%) - -
Thrombus
No 822 812 (98.8%) 791 (96.2%) 1 (0.1%) 30 (3.6%)
Yes 223 222 (99.6%) 209 (93.7%) - 14 (6.3%)
Type of lesion
A 40 40 (100.0%) 40 (100.0%) - -
B1 248 247 (99.6%) 243 (98.0%) 1 (0.4%) 4 (1.6%)
B2 707 699 (98.9%) 670 (94.8%) - 37 (5.2%)
C 50 48 (96.0%) 47 (94.0%) - 3 (6.5%)
* p≤ 0.05; ** p≤ 0.01; ♣ p≤ 0.001. 

Table 4 - Early outcomes according to angiographic characteristics and type of lesion (AHA/ACC’s classification).

0.04 – 0.43; p=0.0009) and irregular contour (OR = 0.15; 
95% CI = 0.03 – 0.72; p=0.02) were predictive of lower 
procedural success. Calcification (OR = 0.40; 95% CI = 
0.20 – 0.81; p=0.01) and total occlusion (OR = 0.44; 95% 
CI = 0.21 – 0.91; p=0.03) were predictive of lower clinical 
success. Calcification (OR = 2.98; 95% CI = 1.48 – 6.00; 
p=0.002); lesion lenght ≥ 10 mm (OR = 1.91; 95% CI = 
1.02 – 3.55; p=0.04) and total occlusion (OR = 2.43; 95% CI 

= 1.16 – 5.10; p=0.02) were predictive of higher occurrence 
of complications.

Discussion
Since the introduction of percutaneous transluminal 

coronary angioplasty in 19771, the utilization of percutaneous 
coronary interventions has spread rapidly. Because of the large 
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number of procedures performed, in addition to morbidity 
and mortality risks, several studies have identified factors 
determining early and long-term outcomes7-21. 

We have verified that our results corroborate those of 
several studies published previously. Among the several series 
published, procedural success occurred from 95 to 99%, 
clinical success from 86 to 96%, and major complications 
from 3.5 to 13.2% (death from 0.4 to 3.5%; myocardial 
revascularization from 2.1 to 6.0%, and myocardial infarction 
from 0,9 to 6.8%)7,9-11,28-30. The variation observed between 
clinical success and major complications resulted mainly 
from a higher prevalence of patients with advanced age, 
left ventricular dysfunction and mainly cardiogenic shock, 
in addition to the study length and to the use of other 
percutaneous coronary intervention procedures associated to 
the stents. Cardiogenic shock is the major cause of mortality in 
patients hospitalized for acute myocardial infarction, ranging 
from 26 to 72%31,32. Sutton et al33 analyzed retrospectively 113 
patients with cardiogenic shock treated with percutaneous 
coronary interventions. Similar to our results, mortality was 
51%. The authors have identified that age > 70 years, previous 
myocardial infarction and failure of the thrombolytic treatment 
were independent variables related to in-hospital mortality. 

Effect of the clinical variables - In the present study, patients 
with advanced age, diabetes mellitus, acute coronary syndromes, 
cardiogenic shock, and moderate to severe left ventricular 
dysfunction presented lower clinical success and higher 
percentage of in-hospital complications. Multivessel patients 
presented a higher percentage of complications. Restenotic 
lesions were a variable predictive of lower procedural success 
and of occurrence of in-hospital myocardial revascularization. 
Age, cardiogenic shock, systemic hypertension, moderate 
to severe left ventricular dysfunction and acute coronary 
syndromes were independent predictors of in-hospital 
mortality. O’Connor et al34 identified age, cardiogenic shock, 
urgency/emergency procedures, left ventricular dysfunction, 
use of intra-aortic balloon and type C lesions as independent 
predictors of mortality. Renal dysfunction and heart failure were 
also predictors of death. These two latter variables and the use 
of intra-aortic balloon were not included in our analysis because 
data were not available for all patients. Resnic et al13 identified 
similar factors predictive of mortality including cardiogenic 
shock, heart failure, tachycardia, renal failure, age ≥ 75 years, 
acute myocardial infarction and unstable angina. Block et al30 

analyzed the data of 8 different studies and identified a number 
of variables predictive of adverse events following percutaneous 
coronary interventions. The variables identified as predictive 
of myocardial infarction were: age, multivessel disease, acute 
ischemic syndromes, and restenotic lesion in 2 databases, and 
cardiogenic shock in 1. The variables identified as predictive 
of myocardial revascularization were: cardiogenic shock in 
3 databases, left ventricular dysfunction in 2, acute ischemic 
syndrome in 1, and restenotic lesion in 1.

Effect of the angiographic variables, treated vessel and 
type of lesion - Of all angiographic characteristics included 
in the American College of Cardiology/ American Heart 
Association’s classification, calcification, lesion lenght, total 
occlusion and irregular contour were identified as predictive 
of early outcomes. Other studies have sought to identify which 
angiographic characteristics, type of lesion, and vessel treated 
are related to the outcomes7,18.

In our study, calcification was predictive of lower procedural 
success, lower clinical success, and higher occurrence of 
complications. Calcified lesions lead to a reduction in vessel 
distension, thus an inadequate stent expansion occurs, resulting 
in lower success and higher possibility of complications35,36. 
Ellis et al7 studied 10,907 lesions and identified calcification 
as an independent predictor of ischemic complications.

Lesions with irregular contours were predictive of lower 
procedural success whereas in Ellis et al7’s study an irregular contour 
was an independent predictor of ischemic complications. 

In our analysis, total occlusion was an independent variable 
predictive of lower clinical success and of higher occurrence 
of complications. Total occlusions include a broad spectrum 
that goes from recent occlusions secondary to atherosclerotic 
plaque rupture and vessel occlusion (97.6% of our case series) 
to chronic occlusions when the thrombus is organized (2.4% 
of all occlusions)37,38. In Ellis et al7’s analysis total occlusion 
lasting < 3 months was the angiographic variable the most 
strongly correlated with the occurrence of in-hospital ischemic 
complications. In our study, unlike Ellis et al7’s results, 
calcification was the variable the most strongly correlated with 
both success and complications.

Previous studies have demonstrated that the lesion lenght is 
directly related to the percentage of complications7,39,40, which 
corroborates our findings. Kornowski et al39 demonstrated 
that major complications were more frequent in long lesions 

n Procedural 
success Clinical success*

Non-complicated 
unsuccessful 
procedure

Major 
complications*

n (%) n (%) n (%) n (%)
Left anterior descending 536 528 (98.5%) 510 (95.1%) - 26 (4.9%)
Right coronary artery 313 312 (99.7%) 303 (96.8%) - 10 (3.2%)
Left circumflex 157 156 (99.4%) 152 (96.8%) - 5 (3.2%)
Left main coronary 8 8 (100.0%) 5 (62.5%) - 3 (37.5%)
Saphenous vein bypass graft 25 24 (96.0%) 24 (96.0%) 1 (4.0%) -
Internal mammary artery graft 6 6 (100.0%) 6 (100.0%) - -
* p< 0.01, comparing left main coronary with anterior descending, right coronary and circumflex, and p<0.05 comparing left main coronary  with 
saphenous vein bypass.

Table 5 - Early outcomes according to the vessel treated
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(3.4% versus 1.0%; p=0.04). In Ellis et al7’s study, lesion lenght 
between 10 and 20 mm was an independent predictor of 
ischemic complications. 

Lesions in the left main coronary and in the left anterior 
descending have been described as predictive of early 
complications15,16. Block et al30 verified that lesions in the left 
main coronary were predictive of in-hospital mortality in 2 
studies. In our study, lesions in the left main coronary were 
predictive of major complications, and no statistical significance 
was observed when we analyzed the other arteries.

Univariateanalysis Multivariate analysis

p p Odds Ratio 95% CI IC 95%

Procedural success

Restenotic lesion 0.08 0.04 0.18 0.04 – 0.88 0,04 – 0,88

Calcification 0.001 0.0009 0.13 0.04 – 0.43 0,04 – 0,43

Irregular contour 0.004 0.02 0.15 0.03 – 0.72 0,03 – 0,72

Clinical success

Diabetes mellitus 0.006 0.02 0.47 0.24 – 0.90 0,24 – 0,90

Cardiogenic shock 0.0001 0.00001 0.03 0.01 – 0.65 0,01 – 0,65

Acute coronary syndromes 0.001 0.04 0.48 0.23 – 0.98 0,23 – 0,98

Age 0.02 0.03 1.03 1.00 – 1.06 1,00 – 1,06

Mod/severe LV dysfunction 0.002 0.01 0.44 0.23 – 0.84 0,23 – 0,84

Calcification 0.01 0.01 0.40 0.20 – 0.81 0,20 – 0,81

Total occlusion 0.04 0.04 0.44 0.21 – 0.91 0,21 – 0,91

Major complications

Diabetes mellitus 0.01 0.04 2.00 1.03 – 3.88 1,03 – 3,88

Cardiogenic shock 0.0001 0.00001 40.20 15.72 – 102.79 15,72 – 102,79

Acute coronary syndromes 0.001 0.0004 0.47 0.30 – 0.71 0,30 – 0,71

Age 0.01 0.03 0.97 0.94 – 0.99 0,94 – 0,99

Multivessel disease 0.02 0.03 2.15 1.08 – 4.30 1,08 – 4,30

Mod/severe LV dysfunction 0.0008 0.005 2.55 1.33 – 4.89 1,33 – 4,89

Calcification 0.01 0.002 2.98 1.48 – 6.00 1,48 – 6,00

Lesions ≥10 mm 0.04 0.04 1.91 1.02 – 3.55 1,02 – 3,55

Total occlusion 0.03 0.02 2.43 1.16 – 5.10 1,16 – 5,10

In-hospital death

Hypertension 0.008 0.05 7.68 1.09 – 58.67 1,09 – 58,67

Cardiogenic shock 0.00001 0.00001 104.80 32.68 – 336.07 32,68 – 336,07

Acute coronary syndromes 0.0001 0.01 6.98 1.58 – 30.74 1,58 – 30,74

Age 0.01 0.002 0.93 0.87 – 0.97 0,87 – 0,97

Mod/severe LV dysfunction 0.0001 0.0003 6.82 2.42 – 19.20 2,42 – 19,20

LV = left ventricle, CI = confidence interval, Mod = moderate.

Table 6 - Multivariate analysis results

Several studies have demonstrated the predictive value of 
the ACC/AHA’s classification when early outcomes following 
percutaneous coronary interventions are analysed15,30. However, 
the predictive value of the type of lesion has been lower than 
that previously observed because of the technical refinement 
including a high percentage of stent implantation and the use 
of platelet glycoprotein IIb/IIIa inhibitors. Krone et al18 verified 
that ACC/AHA’s classification presented a lower power of 
discrimination of early outcomes following percutaneous 
coronary interventions than the Society for Angiography and 
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Interventions’ (SCAI) classification, which was not used in our 
study. In our study, although complex lesions had presented 
lower clinical success and higher percentage of complications, 
we decided not to include the type of lesion in the multivariate 
model. This choice was based on the fact that the angiographic 
characteristics of the ACC/AHA’s classification had been 
included in our model and, therefore, the inclusion of the 
variable type of lesion would be inadequate. 

Limitations - This is an observational non-randomized 
study of patients consecutively treated with coronary stent 
implantation. We cannot generalize the findings; because our 
clinic is a reference center, the patients may have peculiarities 
that modified the outcomes and which we could not control. 
Some variables such as renal function and body mass index 
were not analyzed. Additionally, we did not assess blood glucose 
control in diabetics, a factor related to a lower occurrence of 
target lesion revascularization, re-hospitalization, and recurrent 
angina41. However, our experience represents the real world 
and not that of randomized clinical trials. Certain characteristics 
were observed in a small number; thus, they may have not 
reached a statistical significance due to the small sample size 
(type II error). Another limitation refers to the analysis of the 
lesions, which was performed by a single observer. We did 

not assess the degree of stenosis using quantitative coronary 
angiography (QCA), a method that is more precise than the 
visual assessment42,43, although we have already demonstrated 
a good correlation between QCA and visual estimate44.  
Likewise, the left ventricular function was estimated using visual 
assessment, and none of the imaging methods that estimate left 
ventricular function more accurately in addition to identifying 
the ventricular region affected45 were used.  

Conclusion
In the current phase of percutaneous coronary interventions 

with a significant use of stents, we have verified that clinical 
factors present a greater influence on early outcomes when 
compared to angiographic factors / type of lesion and vessel 
treated. Our analysis identified 3 clinical factors (cardiogenic 
shock, left ventricular dysfunction and age) and 2 angiographic 
factors (calcification and total occlusion) as independent 
predictors of early outcomes following stent implantation. 
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