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Abstract: 
Background: Both preprocedural anemia in patients undergoing percutaneous coronary intervention (PCI) as 
well as the occurrence and magnitude of procedure-related bleeding or anemia after PCI have been associated 
with late mortality and adverse cardiovascular outcomes. Reports describing these associations have not used 
consistent definitions for the degree of blood loss and pre-PCI anemia.  Variations in the definitions of these 
parameters may potentially lead to confusion with regard to patient risk  
Objectives: This study was undertaken to clarify the relationship between these 2 established risk factors 
(hematocrit at baseline and hematocrit decline after PCI) and adverse late outcomes.  
Methods: A cross-sectional study was conducted in the tertiary teaching hospital from January 2010 to 
December 2010 was enrolled in the study. 300 consecutive patients who underwent PCI and who completed 1-
year follow-up were included in this analysis without any exclusion criteria. All patients gave written consent 
for the PCI procedure. 
Results: For description purposes, the entire population was divided with regard to hematocrit at baseline and 
the magnitude of hematocrit decline.  The study population was composed of mostly men (65%), with a mean 
age of 65 years and a high prevalence of comorbidities. More than 80% were hypertensive, around one-third had 
a history of diabetes, close to half had previous coronary revascularization, and almost 15% had a history of 
congestive heart failure.  The most frequent clinical presentation was either stable angina or unstable angina. 
The rate of drug-eluting stent use was >80%, with a high rate of angiographic success. 
Conclusion: Hematocrit at baseline and the drop after PCI should be recognized as important risk factors for 
adverse outcomes after PCI.  
Keywords: Hematocrit, PCI, anemia. 
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Introduction

Percutaneous coronary intervention (PCI) is the 
standard therapy for patients with symptomatic 
coronary artery disease [1,2] and hemodynamically 
significant coronary stenosis.[3]  

The combined use of antiplatelet and antithrombin 
agents during and after PCI has significantly 
reduced the rate of stent thrombosis [4,5].  

The Thrombolysis in Myocardial Infarction (TIMI) 
[4] and Global Utilization of Streptokinase and t-
PA for Occluded Coronary Arteries (GUSTO) [5] 
trial groups have quantified the incidence and 
severity of bleeding risks after thrombolytic 
therapy for acute myocardial infarction (MI) [6]. 

Materials and Methods: 

This cross-sectional study was conducted in a 
tertiary teaching hospital for a period of 12 months, 
from January 2010 to December 2010. 300 
consecutive patients who underwent PCI and who 
completed 1-year follow-up were included in this 
analysis without any exclusion criteria.  

All patients gave written consent for the PCI 
procedure, and the study was conducted under 
Institutional Review Board approval.  Percutaneous 
coronary intervention was performed according to 
guidelines current at the time of the procedure.  In 
all cases, the interventional strategy was at the 
discretion of the responsible physician.  

http://www.ijpcr.com/
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Intraprocedural anticoagulation was ensured using 
unfractionated heparin to achieve an activated 
clotting time of >250 seconds in all patients. 
Glycoprotein IIb/IIIa inhibitors were used at the 
operator's discretion.  All patients received an 
aspirin loading dose of 325 mg and were 
encouraged to continue this regimen indefinitely.  
After a clopidogrel loading dose of 300 to 600 mg, 
additional antiplatelet therapy with a 75-mg 
clopidogrel maintenance dose was instituted in all 
patients. These patients were advised to continue 
this regimen for at least 1 year. Clinical follow-up 
was done via telephone contact or office visits. The 
primary endpoint was the composite of all-cause 
mortality or nonfatal MI at 1-year follow-up. 

Statistical Analysis 

Continuous variables are expressed as mean ± SD. 
Discrete variables are presented as absolute 
numbers and percentages. Statistical significance 
was assumed at P value < .05. 

Results: 

Baseline characteristics 

In total, 300 consecutive patients who underwent 
PCI from January 2010 to December 2010. and 
those who completed 1-year follow-up were 
included in this study.  For description purposes, 
the entire population was divided with regard to 
hematocrit at baseline and the magnitude of 
hematocrit decline (Tables I-IV).  The cut points 
were taken from previous publications [7,8,9].  

The study population was composed of mostly men 
(65%), with a mean age of 65 years and a high 
prevalence of comorbidities. More than 80% were 
hypertensive, around one-third had a history of 
diabetes, close to half had previous coronary 
revascularization, and almost 15% had a history of 
congestive heart failure.  The most frequent clinical 
presentation was either stable angina or unstable 
angina.  Heparin was the most predominant 
anticoagulation method used.  The majority of the 
population presented with multivessel disease. The 
rate of drug-eluting stent use was >80%, with a 
high rate of angiographic success. 

Table 1: Baseline clinical patient characteristic regarding hematocrit at baseline 
Clinical characteristics >39% (n = 

140) 
39%-35% 
(n = 90) 

34%-30% (n 
= 52) 

<30% (n = 
18) 

P-Value 

Age(yr) 62.1 61.3 64.5 64.3 0.006** 
Male, n (%) 134(95.7%) 70(77.8%) 34(65.4%) 8(44.4%) <0.001** 
Diabetes, n (%) 58(41.4%) 42(46.7%) 22(42.3%) 8(44.4%) 0.116 
Hypertension, n (%) 52(37.1%) 46(51.1%) 24(46.2%) 8(44.4%) 0.048* 
Current smoking, n (%) 54(38.6%) 50(55.6%) 6(11.5%) 4(22.2%) <0.001** 
Hypercholesterolemia, n (%) 92(65.7%) 46(51.1%) 28(53.8%) 4(22.2%) 0.076 
Family history of CAD, n (%) 42(30%) 28(31.1%) 24(46.2%) 6(33.3%) 0.052 
History of CABG or PCI, n (%) 4(2.9%) 4(4.4%) 2(3.8%) 2(11.1%) 0.025* 
History of CHF, n (%) 8(5.7%) 6(6.7%) 10(19.2%) 4(22.2%) <0.001** 
Laboratory characteristics  
Baseline hematocrit 44.2 36.3 32.4 26.3 <0.001** 
Nadir hematocrit 39.1 34.2 31.1 25.1 <0.001** 
Mean hematocrit drop 5.1 2.1 1.3 1.2 <0.001** 
Baseline creatinine 1 1.2 1.1 1.4 0.168 
Indication for PCI  
Acute MI, n (%) 90(64.3%) 42(46.7%) 30(57.7%) 18(100%) <0.001** 
Cardiogenic shock, n (%) 6(4.3%) 4(4.4%) 2(3.8%) 2(11.1%) 0.162 
Unstable angina, n (%) 44(31.4%) 30(33.3%) 20(38.5%) 6(33.3%) 0.839 
Stable angina, n (%) 12(8.6%) 16(17.8%) 45(86.5%) 10(55.6%) <0.001** 
 

Table 2: Angiographic and procedural characteristics regarding hematocrit at baseline 
Procedural characteristics >39% (n = 

140) 
39%-35% 
(n = 90) 

34%-30% 
(n = 52) 

<30% (n = 
18) 

P-value 

Heparin use, n (%) 140(100%) 90(100%) 52(100%) 18(100%) 1.000 
GP IIb/IIIa inhibitors, n (%) 20(14.3%) 18(20%) 14(26.9%) 10(55.6%) <0.001** 
No. of treated lesions, median  
1 Treated lesion, n (%) 124(88.6%) 62(68.9%) 40(76.9%) 14(77.8%) 0.003** 
2 Treated lesions, n (%) 14(10%) 26(28.9%) 10(19.2%) 2(11.1%) 0.003** 
>2 Treated lesions, n (%) 2(1.4%) 1(1.1%) 2(3.8%) 2(11.1%) 0.053 
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Angiographic characteristics >39% 
(n = 140) 

39%-35% 
(n = 90) 

34% 30% 
(n = 52) 

<30% (n = 18) P-value 

Target vessel, n (%)  
LM, n (%) 2(1.4%) 2(2.2%) 6(11.5%) 2(11.1%) 0.004** 
LAD, n (%) 90(64.3%) 66(73.3%) 26(50%) 10(55.6%) 0.034* 
LCx, n (%) 30(21.4%) 20(22.2%) 8(15.4%) 2(11.1%) 0.565 
RCA, n (%) 38(27.1%) 36(40%) 24(46.2%) 10(55.6%) 0.013* 
Type C lesion, n (%) 44(31.4%) 54(60%) 28(53.8%) 12(66.7%) <0.001** 
DES, n 106(75.7%) 90(100%) 52(100%) 16(88.9%) <0.001** 
Angiographic success 138(98.6%) 89(98.9%) 51(98.1%) 17(94.4%) 0.593 
 

Table 3: Baseline clinical patient characteristics regarding the hematocrit drop 
Hematocrit Drop <5% (n=180) 5%-10% (n=88) >10% (n=32) P value 
Clinical characteristics  
Age(yr) 62.3 63.1 65.5 0.028* 
Male, n (%) 170(94.4%) 68(77.3%) 26(81.3%) <0.001** 
Diabetes, n (%) 80(44.4%) 28(31.8%) 18(56.3%) 0.032* 
Hypertension, n (%) 68(37.8%) 44(50%) 16(50%) 0.111 
Current smoking, n (%) 34(18.9%) 16(18.2%) 6(18.8%) 0.990 
Hypercholesterolemia, n (%) 144(80%) 66(75%) 28(87.5%) 0.308 
Family history of CAD, n (%) 62(34.4%) 32(36.4%) 10(31.3%) 0.869 
History of CABG or PCI, n (%) 4(2.2%) 4(4.5%) 2(6.3%) 0.380 
History of CHF, n (%) 20(11.1%) 14(15.9%) 8(25%) 0.094 
Laboratory characteristics  
Baseline hematocrit, % ± SD 39.5 40.2 40.5 0.125 
Nadir hematocrit, % ± SD 38.1 34.1 26.1 <0.001** 
Mean hematocrit drop, % ± SD 1.4 6.1 14.1 <0.001** 
Indication of PCI, n (%)  
Acute MI, n (%) 108(60%) 58(65.9%) 26(81.3%) 0.063 
Cardiogenic shock, n (%) 4(2.2%) 6(6.8%) 8(25%) <0.001** 
Unstable angina, n (%) 58(32.2%) 26(29.5%) 10(31.3%) 0.906 
Stable angina, n (%) 24(13.3%) 8(9.1%) 2(6.3%) 0.372 
 
Hematocrit Drop <5% (n=180) 5%-10% (n=88) >10% (n=32) P value 
Procedural characteristics  
Heparin use, n (%) 180(100%) 88(100%) 32(100%) NS 
GP IIb/IIIa inhibitors, n (%) 22(12.2%) 30(34.1%) 8(25%) <0.001** 
1 Treated lesion, n (%) 110(61.1%) 64(72.7%) 30(93.8%) 0.001** 
2 Treated lesions, n (%) 20(11.1%) 24(27.3%) 8(25%) 0.002** 
>2 Treated lesions, n (%) 2(1.1%) 4(4.5%) 2(6.3%) 0.108 
  
Hematocrit Drop <5% (n=180) 5%-10% (n=88) >10% (n=32) P value 
Angiographic characteristics     
Target vessel, n (%)     
LM, n (%) 4(2.2%) 4(4.5%) 2(6.3%) 0.380 
LAD, n (%) 112(62.2%) 58(65.9%) 24(75%) 0.363 
LCx, n (%) 30(16.7%) 18(20.5%) 10(31.3%) 0.149 
RCA, n (%) 60(33.3%) 36(40.9%) 8(25%) 0.226 
Type C lesion, n (%) 70(38.9%) 44(50%) 22(68.8%) 0.004** 
DES, n (%) 138(76.7%) 70(79.5%) 20(62.5%) 0.146 
Angiographic success, n (%) 179(99.4%) 88(100%) 30(93.8%) 0.006** 
 

Table 4: Hematocrit at baseline and one year outcome of death and MI 
                                             Hematocrit at baseline 
 >39% 35% to 39% 34% to 30% <30% 
Death and MI(n) 4 5 8 10 
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Table 5: Hematocrit at baseline and one year outcome of death and MI 
                               Hematocrit drop after PCI  
 <10% 5% to 10% >10% 
Death and MI(n) 4 8 15 
 

Table 6: Hematocrit drop and composite endpoint 
 Death and MI 
Hematocrit drop < 5% 14.8% 
Hematocrit drop > 10% 55.5% 
 
Tables V and VI display the 1-year unadjusted 
outcome risks according to hematocrit at baseline 
and hematocrit drop after PCI, respectively. Death 
and myocardial infarction were 55.5% when the 
hematocrit drop after PCI was more than 10% 
compared to 14.8% when the hematocrit drop was 
less than 5%. Both hematocrit at baseline (hazard 
ratio = 0.92, P < .001) and hematocrit drop after 
PCI (hazard ratio = 4.3, P < .001) strongly 
predicted the primary endpoint at 1-year follow-up.  

The outcome difference was primarily driven by 
mortality in both cases and nonfatal MI for 
hematocrit at baseline. The frequency of the 
composite primary endpoint death/MI correlated 
oppositely to hematocrit at baseline and to the drop 
after PCI.  For example, the higher the hematocrit 
at baseline, the less likely the occurrence of the 
composite primary endpoint at 1-year follow-up 

(hazard ratio [HR] 0.95 [0.9-0.98] for 1%-unit 
increase, P < .001); and the higher the magnitude of 
hematocrit drop, the higher the incidence of the 
composite primary endpoint at 1-year follow-up 
(HR 1.13 [1.09-1.15] for 1%-unit decrease, P < 
.001).  

The expected clinical and angiographic 
characteristics age (HR 1.06 [1.02-1.04], P < .001), 
male gender (HR 1.1 [1.0-1.6], P = .04), diabetes 
(HR 1.9 [1.2-1.9], P < .001), chronic renal 
insufficiency (HR 1.8 [1.4-2.3], P < .001), 
congestive heart failure (HR 2.3 [1.6-2.6], P < 
.001), previous MI (HR 1.5 [1.1-1.7], P = .01), 
cardiogenic shock(HR 1.6[1.1-2.2], P = .02), the 
presence of at least 1 type C lesion (HR 1.3 [1.0-
1.6], P = .05), and number of treated lesions (HR 
1.2 [1.0-1.1], P = .03) were also associated with the 
1-year composite end point of death/MI. 

  
Table 7: Relationship between hematocrit at baseline and the 1-year outcome 

Primary end point Hematocrit at baseline 
HR 95% CI P value 

Death 0.91 0.91-0.93 <0.001 
MI 0.93 0.91-0.97 <0.001 
Death or MI 0.92 0.91-0.93 <0.001 
 

Table 8: Relationship between hematocrit drop after PCI and the 1-year outcome 
Primary end point Hematocrit drop 

HR 95% CI P value 
Death 5.2 3.2-7.6 <0.001 
MI 0.91 0.2-6.5 0.94 
Death or MI 4.3 2.8-6.5 <0.001 
 
Discussion: 

The main finding of the present study is that both 
hematocrits at baseline and hematocrit drop after 
PCI are strongly associated with long-term 
mortality in patients undergoing PCI.  This analysis 
emphasizes the close relationship between these 2 
risk factors and 1-year adverse outcome. The 
prognostic value of the presence of anemia before 
PCI and severe anemia developed after PCI has 
been recorded [10,11]. However, the lack of 
consistency in the definition of severe anemia does 
not allow clear-cut comparisons because the chosen 
cutoff values differ significantly from one report to 
another.  Importantly, these variations could 
potentially lead to markedly different conclusions 

about the safety of therapeutic regimens [12]. The 
need to identify antithrombotic therapies that 
reduce the risk of bleeding while maintaining 
efficacy demands a standardized bleeding 
definition [13]. Importantly, a recently published 
study from Ndrepepa et al [14] strongly supports 
the inclusion of periprocedural bleeding as a 
component of the primary endpoint in trials of post-
PCI safety and efficacy.  We suggest that the robust 
relationship between both baseline hematocrit and 
the hematocrit drop and the long-term mortality 
demonstrated to be taken into account and that a 
risk model be designed based on this relationship.   

The underlying reasons for the higher late mortality 
risk in patients with baseline anemia and/or in 
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patients who have haemorrhagic complications of 
PCI are likely multifactorial.  Both blood loss and 
anemia after PCI are associated with important 
comorbidities, severity of illness, and 
periprocedural factors that could account for the 
increased risk of early and late mortality.  Severe 
anemia itself may decrease blood oxygen levels, 
which might be arrhythmogenic and exacerbate 
myocardial ischemia [15].  Differences in 
pharmacology treatment (especially antiplatelet 
therapy) may also contribute to the worse early and 
late prognoses in patients who present with 
significant bleeding or anemia after PCI [8].   

Moreover, the anemic patients may represent a 
sicker population with a higher prevalence of 
comorbidities, such as diabetes or chronic renal 
insufficiency, which are known to reduce life 
expectancy [16,17,18].  

In addition, the long-term effects of inflammatory 
modulators and cytokines associated with many 
types of chronic anemia may negatively influence 
cardiovascular disease progression [19].  Finally, a 
lower hemoglobin level for each level of blood 
loss, an inevitable accompaniment of procedure-
related bleeding in anemic patients, may also 
contribute to the increase in adverse events. 

Conclusion: 

Hematocrit at baseline and the drop after PCI 
should be recognized as important risk factors for 
adverse outcomes after PCI. The inclusion of 
hematocrit values in a risk-stratification scheme 
should be strongly considered. Further studies are 
required to establish clear parameters for the use of 
RBC transfusion and to determine the maximum 
time of RBC storage for PCI patients. 
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