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Background

low baseline hemoglobin (Hb) level is related to a greater risk of adverse clinical outcomes after
percutaneous coronary intervention (PCl).

high Hb level impact on post-PCl outcomes is unclear

high hematocrit is related to increased blood viscosity leading to endothelial injury and rupture
of vulnerable plagues through the increase of shear forces




Aim of study

assess whether patients with poorly controlled polycythemia are at a greater
risk of adverse outcomes after PCI.




Materials

derived from 4 different Korean multicenter drug-eluting stent (DES) registries.

included patients who needed DES implantation without specific inclusion or exclusion criteria,

A total of 5,712 patients who underwent percutaneous coronary
intervention were collected from
REVOLUTE registry (Orsiro, Elixir DESyne and Biomatrix Flex, n=812),
Nobori registry (Nobori, n=1,990)
CONSTANT registry (Endeavor Resolute, n=1,252)
PCI-CABG registry (Xience V, Promus, Endeavor Resolute, and others, n=1,658)

Patients who treated with
Bare-metal stents (n=12)
First-generation drug eluting stents (n=147)
Drug-eluting balloon (n=15)
Bioabsorbable vascular scaffold (n=12)

A4

5,526 patients received new-generation drug-eluting stent.

419 patients were excluded:
Missing data of baseline hemoglobin (n= 261)
No information of stent profile (n=47)
Follow-up loss during 1 year (n= 111)

Y

A total of 5,107 patients were finally included.




Materials

The enrolled patients were categorized into 5 groups according to the baseline Hb level
<10

10-12,9
13-14,9
15-16,9
>17 g/dl



Primary end point :

the occurrence of major adverse cardiac and cerebrovascular events (MACCE) at 12 months
a composite of all-cause mortality, nonfatal myocardial infarction (MI), and ischemic stroke.
Secondary end point:

all-cause mortality at 12 months.

Clinical outcomes were assessed 1-year post-PCl, either through a visit to the clinic or a
telephone interview.



Results
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At 12 months, unadjusted risks of the primary and secondary outcomes were

significantly different in Hb groups.

The incidence of MACCE and all cause mortality gradually decreased with

increasing Hb level (from 10 to 16,9 g/dl) but increased at a level of 217.0 g/d|I
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Figure 2. Kaplan-Meier curves of 12-month MACCE and mortality according to baseline hemoglobin groups. MACCE = major adverse cardiac and cerebro-



Adjusted HRs for MACCE and its individual components according to
baseline Hb level
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°1The risks of MACCE were lowest in patients with Hb levels of 13 to 14.9 g/dl and significantly ~

increased in those with Hb below 13 g/dl and in the Hb 217 g/d| group showing a “U-shape”
R | curve. A consistent pattern was observed in all-cause mortality and cardiac mortality according
mace to Hb groups.

death

Figure 3. Multivariable adjusted risk of (A) MACCE, (B) all-cause mortality and cardiac mortality, and (C) nonfatal MI and ischemic stroke. Hemoglobin
level of 13 to 14.9 g/dl is used as a reference. Model adjusted for age, sex, body mass index, hypertension, diabetes, dyslipidemia, chronic kidney disease,
current smoking status, previous cerebrovascular accident, acute coronary syndrome, and multivessel disease. CI =confidence interval; HR = hazard ratio;




Additionally, we assessed the effect of high Hb level on clinical
outcomes in patients without anemia (Hb of>13 g/dl), and the
results are reported

Clinical outcomes for 12 months after PCI according to baseline hemoglobin in patients without anemia (hemoglobin of >13 g/dl)

No. of events

Event rate (%)

Age- and sex-adjusted

Multivariable-adjusted™

HR (95% CI) p Value HR (95% CI) p Value

MACCE

13-14.9 42 2.0 Reference Reference

15-16.9 18 1.7 1.11 (0.61-2.02) 0.728 1.25 (0.65-2.40) 0.496

>17 8 7.5 4.88 (1.87-12.77) 0.001 4.36(1.26-15.10) 0.020
All-cause mortality

13-14.9 27 1.3 Reference Reference

15-16.9 7 0.7 0.65 (0.27-1.57) 0.335 0.86 (0.34-2.18) 0.745

>17 5 4.7 7.73 (2.85-20.99) <0.001 7.56 (2.04-27.98) 0.002
Cardiac mortality

13-14.9 10 0.5 Reference Reference

15-16.9 4 0.4 0.84 (0.23-2.99) 0.782 1.14 (0.29-4.48) 0.854

>17 4 3.7 15.15 (4.45-51.58) <0.001 17.54 (3.97-57.55) <0.001
Nonfatal MIT

13-14.9 14 0.7 Reference Reference

15-16.9 5 0.5 0.65 (0.19-2.28) 0.504 0.33 (0.04-2.16) 0.216

=17 2 1.9 5.56 (1.16-26.54) 0.031 3.18 (0.37-27.21) 0.291
Stenr thrombosis

13-14.9 1 0 Reference Reference

15-16.9 3 0.3 5.85 (0.61-56.25) 0.126 4.78 (0.39-58.48) 0.221

>17 3 2.8 57.75 (6.01-555.20) <0.001 33.27 (2.34-472.96) 0.010
Ischemic stroke

13-14.9 8 0.4 Reference Reference

15-16.9 7 0.7 2.79 (0.95-8.23) 0.063 4.23(1.29-13.91) 0.018

=17 1 0.9 5.83 (0.67-50.26) 0.109 13.08 (1.27-77.74) 0.031

Event rates were calculated by Kaplan-Meier analysis.
CI = confidence interval; HR = hazard ratio; MACCE = major adverse cardiac and cerebrovascular event; MI = myocardial infarction; PCI = percutaneous




When patients with a baseline Hb of 13 to 14.9 g/dl were considered as the
reference group, HRs of MACCE, cardiac mortality, stent thrombosis and
ischemic stroke tended to gradually increase with increasing Hb level, and

patients with Hb 217 g/dI had significantly higher rates of MACCE, ischemic

stroke, all-cause mortality, and cardiac mortality.



Regarding nonfatal MI, a trend toward an increasing HR in the Hb 217 g/d| group
was observed but without statistical significance. The observed relation trend

between Hb level and clinical outcomes was unchanged in subgroup analyses of

both patients with Ml and those with non-Ml




Multivariable Cox regression analysis after adjustment for confounding factors
showed that Hb >17 g/d| was significantly associated with a higher incidence of

MACCE in the cohort .

Other important predictors for MACCE included age, low body mass index,

FE<40%,HTA, CKD, Hb<10g/dl.
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Predictors for 12-month MACCE and all-cause mortality after PCI

Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value
MACCE predictors
Age per | year 1.06 (1.04-1.08) <0.001 1.05 (1.03-1.07) <0.001
Male 1.20 (0.86-1.67) 0.281 1.34 (0.86-2.07) 0.195
Body mass index per | kg/m> 0.90 (0.86-0.94) <0.001 0.95 (0.90-1.01) 0.121
Hemoglobin <10 g/dl 4.96 (3.497.04) <0.001 3.00 (1.78-5.06) <0.001
Hemoglobin >17 g/dl 1.78 (0.95-3.35) 0.079 2.98 (1.02-9.72) 0.041
Hypertension 1.62 (1.16-2.26) 0.005 1.85 (1.12-3.05) 0.016
Diabetes 1.92 (1.44-2.56) <0.001 1.06 (0.70-1.60) 0.601
Dyslipidemia 0.76 (0.56-1.02) 0.068 1.06 (0.70-1.60) 0.774
Chronic kidney disease 4.14 (2.94-5.82) <0.001 1.72 (1.02-2.89) 0.041
Previous CVA 2.27 (1.59-3.24) 0.001 1.37 (0.84-2.22) 0.208
Current smoking 1.19 (0.93-1.57) 0.096 1.11 (0.75-1.63) 0.609
LVEF <40% 3.74 (2.68-5.20) <0.001 3.27 (2.15-4.96) <0.001
Acute coronary syndrome 1.71 (1.27-2.31) <0.001 1.30 (0.88-1.92) 0.192
Multivessel disease 1.55 (1.10-2.18) 0.012 1.28 (0.81-2.03) 0.292
LDL level (mg/dl) 1.00 (1.00-1.01) 0.001 1.00 (0.99-1.00) 0.172
Mortality predictors
Age per lyear 1.08 (1.06-1.10) <0.001 1.06 (1.03-1.08) <0.001
Male 1.20 (0.82-1.78) 0.352 1.38 (0.83-2.30) 0.217
Body mass index per | kg/m2 0.87 (0.82-0.92) <0.001 0.92 (0.86-0.99) 0.030
Hemoglobin <10 g/dl 5.83 (3.94-8.65) <0.001 3.35 (1.86-6.04) <0.001
Hemoglobin >17 g/dl 1.92 (0.96-4.69) 0.053 4.59 (1.37-15.37) 0.014
Hypertension 1.45 (0.99-2.12) 0.059 1.76 (1.00-3.10) 0.049
Diabetes 2.03 (1.45-2.87) <0.001 1.13 (0.71-1.78) 0.607
Dyslipidemia 0.64 (0.45-0.90) 0.011 0.90 (0.57-1.44) 0.670
Chronic kidney disease 4.17 (2.79-6.24) <0.001 1.90 (1.06-3.42) 0.032
Previous CVA 2.01 (1.30-3.10) 0.002 1.30 (0.74-2.30) 0.365
LVEF <40% 4.26 (2.91-6.23) <0.001 3.69 (2.30-5.90) <0.001
Acute coronary syndrome 1.95 (1.37-2.79) <0.001 1.40 (0.88-2.22) 0.156
Multivessel disease 1.42 (0.96-2.11) 0.081 1.11 (0.66-1.86) 0.687




Conclusion

not only low Hb but also elevated Hb of 217 g/d| was significantly associated
with higher MACCE rates and all-cause mortality after PCIl. An appropriate

treatment strategy for patients with high Hb level should be identified through

future studies.



