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ABSTRACT
Objective: In this study, we aimed to determine whether admission hemoglobin versus post-percutaneous coronary intervention (PCI) hemoglobin level at 24 hours is a predictor of in-hospital mortality for patients with ST elevation myocardial infarction (STEMI) without evidence of
clinical hemorrhage who underwent primary PCI.
Methods: In this study, we included 1,444 consecutive patients with STEMI who underwent primary PCI at a tertiary heart hospital. The primary outcome of the study was the in-hospital all-cause mortality. We used the penalized maximum likelihood estimation (PMLE) logistic regression method to examine the relationship between primary outcome and candidate predictors.
Results: In total, 172 (11.9%) patients died during the in-hospital course. According to a PMLE logistic regression analysis, age, KILLIP class ≥2,
pre-PCI thrombolysis in myocardial infarction (TIMI) flow <3, systolic blood pressure, creatinine, glycoprotein IIb/IIIa inhibitor use, and post-PCI
hemoglobin levels at 24 hours were predictors of in-hospital mortality. The relative importance of post-PCI hemoglobin at 24 hours (contributing
6% of the explainable outcome in the model) was significantly higher than admission hemoglobin (contributing only 0.1% of the explainable
outcome in the model).
Conclusion: This study demonstrated that post-PCI hemoglobin levels were independently associated with in-hospital survival in patients with
STEMI without evidence of bleeding following primary PCI. In addition, post-PCI hemoglobin was a better predictor of in-hospital mortality than
admission hemoglobin for patients with STEMI who underwent primary PCI.
Keywords: post-percutaneous coronary intervention hemoglobin, admission hemoglobin, ST-segment elevation myocardial infarction, primary
percutaneous coronary intervention, in-hospital mortality
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Introduction
In the current literature, the majority of previous studies
have been mainly focused on admission hemoglobin levels in
patients who present with acute coronary syndrome (ACS).
Although some studies found that admission hemoglobin level is
associated with increased in-hospital and long-term mortality in
patients diagnosed with ST elevation myocardial infarction
(STEMI) (1, 2), others have found no significant association (3, 4).
Similarly, there is an inconsistent relation of admission hemoglo-

bin level and poor cardiovascular outcomes in patients with
STEMI who are treated with primary percutaneous coronary
intervention (PCI) (5, 6). Apart from admission hemoglobin level,
prior studies have revealed that hemoglobin drop following primary PCI might be related with adverse cardiovascular outcomes and mortality among patients with STEMI (7, 8). In such
clinical circumstances, hemoglobin drop usually represents
clinically significant hemorrhage, including retroperitoneal, gastrointestinal, or intracranial hemorrhage, all of which usually
occur owing to anti-platelet or anti-thrombotic treatment or the
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HIGHLIGHTS
•

•
•

Post-percutaneous coronary intervention (PCI) hemoglobin levels are independently associated with inhospital survival in patients with ST-segment elevation.
Post-PCI hemoglobin is a better predictor of in-hospital
mortality than admission hemoglobin in these patients.
The other mortality predictors in patients with STEMI
are age, KILLIP class ≥2, pre-PCI thrombolysis in myocardial infarction flow <3, systolic blood pressure, creatinine, and glycoprotein IIb/IIIa inhibitor use.

procedure itself. However, a decline of hemoglobin without an
evidence of hemorrhage after primary PCI may be because of
internal hemodilution, an acute inhibition of erythropoiesis, elevated inflammation, or catheter flushing and leakage (9-11).
Particularly, a decline of hemoglobin after primary PCI may have
the potential to increase myocardial ischemic injury by preventing the oxygen supply to the jeopardized myocardium (12).
Although the results of hemoglobin drop in patients with STEMI
with bleeding are well-known, there is limited data regarding the
effect of hemoglobin drop on in-hospital mortality in these
patients with no evidence of bleeding and treated with primary
PCI. Therefore, in this study, we aimed to determine whether
admission hemoglobin versus post-PCI hemoglobin level at 24
hours was a predictor of in-hospital mortality in patients with
STEMI without evidence of clinical hemorrhage who underwent
primary PCI.

Methods
Data collection
This study included 1,444 consecutive patients with STEMI
who underwent primary PCI at a tertiary heart hospital. Our
hospital was a high volume heart center with the capability of
performing >1,000 primary PCIs annually. In this study, patients
who were treated with thrombolytic therapy, had admission
hemoglobin levels <10 mg/dL, had received blood transfusion
(s), and developed retroperitoneal, gastrointestinal, or intracranial hemorrhage following primary PCI were excluded from
the study. In addition, we did not include patients who developed groin complications and whose hemoglobin levels were
not measured at 24 hours after primary PCI. All the patients
enrolled in the study were treated according to the current
guidelines. In the study, we evaluated each patient according
to KILLIP class examination findings at admission. Demographic
features, including age, sex, and risk factors, as well as laboratory and angiographic findings were collected from the
hospital electronic database. The study was approved by the
Local Ethics Committee and performed according to the
Declaration of Helsinki of 1975, as revised in 2008. Informed
consent was not obtained because of the retrospective
design of the study.
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Coronary angiography and percutaneous coronary intervention
Standard coronary angiography via the femoral route was
performed in each patient using 6-French Judkins diagnostic
catheters. In all the patients, 300 mg acetylsalicylic acid along
with a loading dose of either 600 mg of clopidogrel or 180 mg of
ticagrelor or 60 mg of prasugrel were given before the coronary
angiography unless contraindicated. The standard intravenous
bolus of unfractionated heparin (UF) (70–100 U/kg) with additional doses if necessary, was given to achieve an activated
clotting time of >250 seconds during PCI. Per institutional protocol, the use of glycoprotein IIb/IIIa inhibitor was left to the
operator’s judgment. Two experienced cardiologists, who were
blinded to all the clinical data, analyzed the thrombolysis in myocardial infarction (TIMI) flow grade before the intervention. In
cases of disagreement, the cardiologists reviewed the coronary
angiograms and came to a joint agreement. The SYNTAX scoring
system was used to evaluate the severity of coronary artery
disease using an online web calculator (http://www.syntaxscore.com/calculator/start).
Laboratory analysis
Blood samples, including hemoglobin, creatinine, and lipid
profiles, were measured in all the patients following admission
to hospital. A hematology analyzer (Beckman Coulter, FL, USA)
was used for complete blood count analysis of the samples, and
Beckman Coulter LH 780 device (Beckman Coulter Ireland Inc.,
Mervue, Galway, Ireland) was used to analyze the standard
biochemical parameters.
Primary outcome
The primary outcome of the study was the in-hospital allcause mortality. A trained study coordinator evaluated all electronic medical records and confirmed in-hospital mortality.
Definitions
STEMI is described as proposed in the recent universal
definition of myocardial infarction guidelines (13). Major bleeding was described in accordance of the definition proposed by
the Bleeding Academic Research Consortium categories (14). All
major bleeding events were evaluated by an experienced cardiologist by examining the patients’ medical records. Major
adverse cardiac events (MACEs) were defined as the combination of cardiac mortality, advanced atrioventricular block, and
malignant ventricular arrhythmias.
Statistical analysis
For statistical analysis, ‘rms’ and ‘Hmisc’ packages with
R-software v. 3.5.1 (R Statistical Software, Institute for Statistics
and Mathematics, Vienna, Austria) was used. Categorical variables were presented as numbers and percentages, and continuous variables were presented as median and interquartile
range (IQ). We used the Mann-Whitney U test for between group
comparison to compare continuous variables, and the chisquared test for between group comparison to compare categorical variables.
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Table 1. Penalized maximum likelihood estimation logistic regression
analysis for in-hospital mortality
P-value

OR (95% CI)

Male sex

0.84

1.04 (0.66–1.65)

Age

0.007

1.26 (0.94–1.68)

KILLIP class ≥2

<0.001

11.0 (6.7–18.1)

Pre-PCI TIMI flow <3

<0.001

0.26 (0.17–0.40)

Systolic blood pressure

<0.001

0.59 (0.45–0.77)

Heart rate

0.309

1.21 (0.94–1.54)

Creatinine

0.002

1.10 (0.97–1.25)

Admission hemoglobin

0.958

0.96 (0.62–1.48)

Post-PCI hemoglobin at 24 h

0.049

0.56 (0.34–0.93)

Glycoprotein IIb/IIIa inhibitor use

0.034

1.59 (1.03–2.44)

MI type, non-anterior

0.260

1.25 (0.84–1.87)

OR - odds ratio; CI - confidence interval; PCI - percutaneous coronary intervention; TIMI
- thrombolysis in myocardial infarction

Primary outcome: In-hospital mortality was the primary outcome in the study.
Candidate predictors: It is important that the candidate predictors included in the model are clinically and biologically
plausible and that their association with in-hospital mortality
has been demonstrated. Variables with very low or very high
frequency were not included in the model. We used the penalized maximum likelihood estimation (PMLE) logistic regression
method to examine the relationship between primary outcome
and candidate predictors (Table 1). The candidate predictors
included in the model were age, sex, MI type, systolic blood
pressure, heart rate, creatinine, KILLIP class, TIMI flow, glycoprotein IIb/IIIa inhibitor use, admission hemoglobin, and postPCI hemoglobin at 24 hours. Odds ratio (OR) and a 95% confidence interval (CI) were used to demonstrate the effects of
individual predictors on in-hospital mortality. In the model, the
relative importance of each predictor was determined with partial X2 value for each predictor divided by the model’s total X2,
which represents the independent contribution of the predictor
to the variance of the outcome. A p value <0.05 was considered
statistically significant.

Results
This was the clinical data of 1,444 consecutive patients with
STEMI, of which 302 (20.9%) were women. In total, 172 (11.9%)
patients died during the in-hospital course. The study cohort
was divided into two groups; survivors and non-survivors.
Baseline demographic features, laboratory findings, and
interventional outcomes of all the patients are summarized in
Table 2. Patients in the non-survivor group were older and
female. Hypertension, diabetes, hyperlipidemia, active smoking,
prior myocardial infarction (MI) and cerebrovascular accident
(CVA), chronic heart failure, and chronic renal failure were more
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frequent in patients who died during in-hospital stay than in
those who survived (p<0.05, for each). In terms of laboratory
analysis, patients in the non-survivor group had significantly
higher admission glucose, creatinine, and white blood cell
count; whereas their admission hemoglobin and post-PCI hemoglobin at 24 hours were significantly lower (p<0.05, for each).
The other laboratory results were fairly similar between the
groups. On admission, patients who did not survive during inhospital course had significantly lower systolic and diastolic
blood pressures in addition to having higher heart rate and
KILLIP class examination findings (p<0.05, for each). Comparison
of angiographic findings revealed that non-anterior MI and preTIMI flow <3 were more frequent in the non-survivor group
(p<0.05, for each). When we analyzed the study cohort in terms
of in-hospital adverse outcomes, the frequency of in-hospital
malignant arrhythmia and CVA were more common in the nonsurvivor group than in the survivor group [28 (17%) patients vs. 0
(0%) and 13 (8%) patients vs. 0 cases (0%), respectively].
To determine predictors of in-hospital mortality, we performed
the PMLE logistic regression analysis. According to this analysis,
age, KILLIP class ≥ 2, pre-PCI TIMI flow < 3, systolic blood pressure, creatinine, glycoprotein IIb/IIIa inhibitor use, and post-PCI
hemoglobin levels at 24 hours (OR: 0.56, 95% CI: 0.34–0.93, p=0.049)
were predictors of in-hospital mortality. The model’s goodness of
fit was measured by the likelihood ratio (LR) test (LR=438.99), discrimination index (R2=0.493), and rank discrimination index
(c-index=0.901). Figure 1 presents the relative importance of each
predictor in the model. The relative importance of post-PCI hemoglobin at 24 hours (contributing 6% of the explainable outcome in
the model) was significantly higher than admission hemoglobin
(contributing only 0.1% of the explainable outcome in the model).
Figure 2 shows that the probability of in-hospital death is significantly elevated as the hemoglobin drop after primary PCI was
higher at 24 hours. We also performed a subanalysis between
0.3

0.2
Probability of
in-hospital
death

0.1

0.0
7.5

10.0
12.5
Post-PCI hemoglobin level at 24 h

15.0

Figure 1. The probability of in-hospital mortality according to postpercutaneous coronary intervention hemoglobin level at 24 hours

626

Zeren et al.
Hemoglobin level and mortality after primary percutaneous coronary intervention

Anatol J Cardiol 2021; 25: 623-9
DOI:10.5152/AnatolJCardiol.2021.07282

Table 2. Baseline characteristics of all the patients enrolled in the study
Survivor group, (n=1272)

Non-survivor group, (n=172)

P-value

Age, years

58 (50–67)

68.5 (56–80)

<0.001

Male, sex, n (%)

1029 (81)

113 (66)

<0.001

Hypertension, n (%)

577 (46)

89 (54)

0.040

Diabetes mellitus, n (%)

318 (25)

67 (41)

<0.001

88 (7)

5 (3)

0.044

Current smoking status, n (%)

700 (56)

51 (34)

<0.001

Prior myocardial infarction, n (%)

History

Hyperlipidemia, n (%)

237 (19)

53 (32)

<0.001

Prior atrial fibrillation, n (%)

19 (2)

4 (2)

0.373

Prior CVA, n (%)

53 (4)

14 (9)

0.014

Prior gastrointestinal bleeding, n (%)

28 (2)

3 (2)

0.745

Chronic heart failure, n (%)

9 (1)

11 (7)

<0.001

Chronic renal failure, n (%)

41 (3)

22 (13)

<0.001

Admission laboratory variables
Admission glucose, mg/dL

127 (108–170)

180 (138–318)

<0.001

HDL cholesterol, mg/dL

34 (29–41)

35 (30–39)

0.704

Total cholesterol, mg/dL

175 (150–205)

184 (151–217)

0.313

Triglycerides, mg/dL

133 (97–182)

132 (94–168)

0.441

Creatinine, mg/dL

0.82 (0.73–0.98)

1.21 (0.84–1.64)

<0.001

White blood cell count, cells/µL

11.4 (9.3–14.0)

13.3 (9.8–17.9)

<0.001

Admission hemoglobin, g/dL

14.0 (12.7–15.1)

12.0 (10.8–14.1)

<0.001

Post-PCI hemoglobin at 24 h, g/dL

13.0 (11.4–14.1)

10.5 (8.9–12.5)

<0.001

229 (194–272)

239 (191–301)

0.176

Systolic blood pressure, mm Hg

135 (117–155)

110 (83–140)

<0.001

Diastolic blood pressure, mm Hg

78 (70–90)

68 (50–80)

<0.001

Heart rate (beats/minute)

80 (67–93)

95 (75–109)

<0.001

50 (4)

92 (56)

<0.001

773 (61)

82 (51)

0.009

Pain to balloon time, minutes

90 (30–180)

120 (60–585)

0.003

Door to balloon time, minutes

78 (30–150)

90 (30–195)

0.453

395 (31)

56 (33)

0.699

0, n (%)

63 (5)

29 (23)

1, n (%)

69 (6)

28 (22)

2, n (%)

164 (13)

31 (25)

Platelet count, cells/µL
At admission

KILLIP class II-IV, n (%)
Angiographic outcomes
MI location (non-anterior), n (%)

Glycoprotein IIb/IIIa inhibitor use, n (%)
Pre-TIMI

3, n (%)

<0.001

933 (76)

37 (30)

14.5 (8.0–21.5)

14.8 (0–24.5)

0.182

In-hospital arrhythmia, n (%)

0 (0)

28 (17)

<0.001

In-hospital CVA, n (%)

0 (0)

13 (8)

<0.001

In-hospital exitus, n (%)

0 (0)

142 (83)

<0.001

Total MACEs, n (%)

0 (0)

172 (100)

<0.001

SYNTAX score
In-hospital outcomes

Continuous variables are presented as mean ± SD or median (IQ range: 25-75), categorical variables are presented as frequency (%).
CVA - cerebrovascular accident; HDL - high density lipoprotein; PCI - percutaneous coronary intervention; MI - myocardial infarction; TIMI - thrombolysis in myocardial infarction;
SYNTAX - synergy between percutaneous coronary intervention with taxus and cardiac surgery; MACEs - major adverse cardiac events

Anatol J Cardiol 2021; 25: 623-9
DOI:10.5152/AnatolJCardiol.2021.07282

Zeren et al.
Hemoglobin level and mortality after primary percutaneous coronary intervention

Killip class
Pre-TIMI flow
Systolic blood pressure
Creatinine
Age
Glycoprotein IIb/IIa use
Post-PCI hemoglobin
MI type
Heart rate
Sex
Admission hemoglobin

91.6
39.1
16.9
11.9
9.8
4.5
6.0
1.3
2.3
0.0
0.1
0.0

0.4

χ2 P
0.0000
0.0000
0.0002
0.0027
0.0074
0.0348
0.0492
0.2607
0.3099
0.8482
0.9585

0.8

P-value

Admission hemoglobin
Sex
Heart rate
MI type
Glycoprotein IIb/IIa use
Post-PCI hemoglobin
Age
Creatinine
Systolic blood pressure
Pre-TIMI flow
Killip class

0.1
0.0
1.3
2.3
4.5
6.0
9.8
11.9
16.9
39.1
91.6
0

20

627

χ2 P
0.9585
0.8482
0.2607
0.3099
0.0348
0.0492
0.0074
0.0027
0.0002
0.0000
0.0000

60
χ2 – df

Figure 2. The relative importance of each predictor in the model

post-PCI hemoglobin and age, female sex, glycoprotein IIb/IIIa
inhibitor use, creatinine, pre-PCI TIMI flow, KILLIP class ≥2, systolic blood pressure, heart rate, and MI type. There was no correlation between post-PCI hemoglobin and age (p=0.799), female
sex (p=0.492), glycoprotein IIb/IIIa inhibitor use (p=0.067), pre-PCI
TIMI flow (p=0.962), KILLIP class ≥2 (p=0.188), systolic blood pressure (p=0.549), heart rate (p=0.168), MI type (p=0.413), except
creatinine (p=0.045) (Fig. 3).

Discussion
This study demonstrated that post-PCI hemoglobin levels at
24 hours may be a predictor of in-hospital mortality among
patients with STEMI who underwent primary PCI.
According to previous studies, anemia is a common clinical
finding in patients hospitalized with STEMI, and its prevalence
ranges from 10% to as high as 43% (15). During the process of
acute STEMI, anemia may aggravate acute myocardial injury via
decreasing oxygen supply and content to the endangered myocardium and via increasing cardiac output to maintain an adequate systemic circulation (12). Currently, most studies have
investigated the predictive value of admission hemoglobin levels
for in-hospital mortality of patients with STEMI who underwent
primary PCI. Although some studies have found a significant
correlation between admission hemoglobin and in-hospital mortality of patients with STEMI treated with primary PCI (4, 5), a
recent study conducted by Moghaddam et al. (6) has shown that
baseline hemoglobin levels after controlling of all the possible
confounders, such as age, sex, KILLIP class, and so forth, is not
associated with increased in-hospital mortality for patients with
STEMI following primary PCI. Similarly, we found no significant
association between admission hemoglobin and in-hospital
mortality in such patients. In the view of the observed lack of
correlation between baseline hemoglobin levels and in-hospital
death, we considered that admission hemoglobin may not significantly contribute to such mortality risk itself.

Even though it had been demonstrated that approximately
one out of four ACS patients had a decline of hemoglobin of at
least 2.4 g/dL during in-hospital course, major and minor bleeding occurred only in 2.1% and 7.4% of such patients, respectively (16). Similarly, clinically significant bleeding was observed
in only half of the patients with ACS with a hemoglobin drop of 3
to 4 g/dL (16). Therefore, it has been considered that a decline in
hemoglobin level and the development of post-PCI related anemia are caused by different mechanisms other than blood loss.
For example, hemodilution induced by intravenous fluids or
nitrates may play a role in the development of hemoglobin drop
following primary PCI for STEMI (8). Furthermore, the use of
angiotensinogen converting enzyme inhibitor and inflammation
might inhibit erythropoiesis in the acute phase of STEMI (9, 11).
Blood loss owing to diagnostic phlebotomy or procedural technique, such as catheter leakage or flushing, may also contribute
to hemoglobin decline after primary PCI (10).
Currently, a few clinical studies have examined the hemoglobin drop and its relation with in-hospital mortality in patients
with ACS. In a prospective, multi-center study, Redfors et al. (7)
have studied the association between ΔHgb (defined as the
magnitude of hemoglobin reduction from baseline during inhospital stay) and in-hospital adverse outcomes in patients with
ACS after PCI. They concluded that patients with an ΔHgb ≥ 4 g/
dL had higher mortality and MACEs, such as stent thrombosis,
cardiac death, and myocardial infarction. Moreover, Nabais et
al. (16) have reported that the drop in hemoglobin usually occurs
during hospitalization for ACS and is an independent predictor of
mortality among such patients. However, patients with clinically
significant bleeding event(s) in addition to having blood
transfusion(s) were not excluded from these studies. The study
population was not homogeneous (including patients with nonSTEMI, STEMI, and unstable angina pectoris) in the abovementioned studies. In our study, we found that hemoglobin decline
was common in patients with STEMI without evidence of bleeding following primary PCI, and post-PCI hemoglobin level was
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Killip class
1
2
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male

0.2
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0.2
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0.0
7.5
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7.5

0.0

15.0

7.5

Post-PCI hemoglobin

10.0

12.5

10.0

15.0

12.5

15.0

Post-PCI hemoglobin

Post-PCI hemoglobin

1.00

1.00

0.75

0.75

MACE

1.00

0.75

MACE
MI type

Pre-TIMI flow
0

0.50

Systolic blood
pressure

MACE

0.50

90

0.50

120

anterior

150

nonanterior

1

0.25
0.25

0.25

0.00
0.00

0.00
7.5

7.5
7.5

10.0
12.5
15.0
Post-PCI hemoglobin

1.00

0.75

MACE

0.75

MACE

0.50

50

0.50

80

1.2

10.0

12.5

Post-PCI hemoglobin

15.0

40
50

0.50

60
70
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0.00

0.00
7.5

Age

0.25

0.25

0.00

0.75

110

1.6
0.25

15.0

Heart rate

Creatinine
0.7

12.5

1.00

1.00

MACE

10.0

Post-PCI hemoglobin

10.0
12.5
15.0
Post-PCI hemoglobin

7.5

10.0

12.5

Post-PCI hemoglobin

15.0

7.5

10.0

12.5

15.0

Post-PCI hemoglobin

Figure 3. The interaction between post-percutaneous coronary intervention (PCI) hemoglobin and age, female sex, glycoprotein IIb/IIIa inhibitor use,
pre-PCI TIMI flow, KILLIP class ≥ 2, systolic blood pressure, heart rate, myocardial infarction type, and creatinine

independently associated with higher mortality in such patients
after the adjustment of clinically important confounders. In addition, we observed no significant association between post-PCI
hemoglobin and the predictors of an increased decline in hemoglobin level, including age, female sex, glycoprotein IIb/IIIa
inhibitor use, and KILLIP class ≥2.
In terms of clinical perspective, our study demonstrates the
potential importance of post-PCI hemoglobin after primary PCI
for patients with STEMI without overt bleeding. Because there

was a significant correlation between post-PCI hemoglobin
and renal dysfunction, particular attention should be paid in
such patients. The use of glycoprotein IIb/IIIa inhibitor according to baseline renal function, optimal dosing of UF or low
molecular weight heparin as well as the use of gastro-protective drugs are the possible options for such patients. A radial
vascular route should be the primary choice instead of the
femoral vascular route to decrease blood loss following primary PCI (17).
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Study limitations
This study had a few limitations. The retrospective design of
the study was a major limitation. However, all the consecutive
patients with STEMI were included in the study. In spite of using
multivariate logistic regression analysis, we acknowledge that
there might be the possibility of unmeasured confounders,
which could affect the results of the study. Because our study
was conducted in one geographic region, geographically diverse
cohorts are necessary to confirm our findings. Because of the
retrospective design of the study, we might have missed some
occult bleeding events, all of which might have contributed to a
significant hemoglobin decline in some patients. Finally, large
prospective cohort studies are needed to determine the exact
relation between post-PCI hemoglobin level and in-hospital survival in patients with STEMI who are treated with primary PCI.

Conclusion
We demonstrated that post-PCI hemoglobin levels were
independently associated with in-hospital survival in patients
with STEMI without evidence of bleeding following primary PCI.
In addition, post-PCI hemoglobin was a better predictor of inhospital mortality than admission hemoglobin in patients with
STEMI who underwent primary PCI.
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