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ORIGINAL RESEARCH

Association of In- Hospital Hemoglobin 
Drop With Decreased Myocardial Salvage 
and Increased Long- Term Mortality in 
Patients With Acute ST- Segment– Elevation 
Myocardial Infarction
Alexander Dutsch , MD*; Christian Graesser, MD*; Felix Voll, MD; Sophie Novacek ; Robert Eggerstedt, MD; 
Nicolás López Armbruster, MD; Karl- Ludwig Laugwitz , MD; Salvatore Cassese , MD, PhD; Heribert Schunkert , MD; 
Gjin Ndrepepa, MD; Adnan Kastrati , MD; Thorsten Kessler , MD† Hendrik B. Sager , MD† 

BACKGROUND: Anemia and blood loss occur often in patients with ST- segment– elevation myocardial infarction (STEMI). In- 
hospital hemoglobin drop is associated with 1- year mortality in patients with acute coronary syndrome. However, data on 
the effect of hemoglobin reduction on myocardial salvage and long- term outcomes are scarce. We investigated the impact of 
in- hospital hemoglobin drop on myocardial salvage and 5- year mortality in patients with STEMI treated with primary percuta-
neous coronary intervention.

METHODS AND RESULTS: In- hospital hemoglobin drop was defined as a decrease in hemoglobin levels from admission and 
nadir hemoglobin values. Patients were categorized as having the following: no drop, minimal drop (<3 g/dL), minor drop (≥3 to 
<5 g/dL), and major drop (≥5 g/dL). Myocardial area at risk and infarct size were measured using serial single- photon emission 
computerized tomography imaging. The co- primary outcomes were myocardial salvage and 5- year all- cause mortality. Of 
1204 patients, 1169 (97.1%) showed a hemoglobin drop during hospitalization: minimal, minor, and major drop occurred in 894 
(74.3%), 214 (17.8%), and 61 (5.1%) patients, respectively. Myocardial salvage was reduced in patients with minimal (median, 
0.53 [interquartile range, 0.27– 0.83]), minor (median, 0.40 [interquartile range, 0.18– 0.62]), and major (median, 0.40 [interquar-
tile range, 0.14– 0.77]) drop compared with patients without drop (median, 0.70 [interquartile range, 0.44– 1.0], P<0.001). After 
adjusting for covariates, hemoglobin drop remained an independent correlate of poor myocardial salvage. A drop of ≥3 g/dL 
was associated with reduced left ventricular function at 6 months and with increased mortality at 5- year follow- up after STEMI.

CONCLUSIONS: In patients with STEMI undergoing primary percutaneous coronary intervention, in- hospital hemoglobin drop 
was associated with reduced myocardial salvage, left ventricular function, and increased long- term mortality.
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Atherosclerosis and its complications such 
as myocardial infarction (MI) and stroke are 
major contributors to worldwide morbidity and 

mortality.1 MI is characterized by abrupt interruption 
of coronary blood flow in the infarct- related arteries 
leading to myocardial ischemia, injury/necrosis, and 
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cardiac dysfunction.2,3 Low hemoglobin levels occur 
often in patients with MI and may already be present 
on admission or may develop during the hospital stay 
because patients undergo invasive procedures and 
receive antiplatelet and anticoagulant therapies, which 
may lead to blood loss.4– 13 However, a drop in hemo-
globin levels may worsen the ischemic damage by fur-
ther decreasing oxygen supply to the infarct area and 
by increasing myocardial oxygen demand as a result 
of an elevated cardiac output needed to maintain sys-
temic perfusion.14

To this point, studies that specifically examined the 
impact of in- hospital hemoglobin reduction on myo-
cardial recovery in patients with acute ST- segment el-
evation myocardial infarction (STEMI) are lacking. We 
sought to investigate the association of in- hospital he-
moglobin drop with myocardial salvage assessed with 
serial single- photon emission computed tomography 
(SPECT) imaging in patients with STEMI undergoing 
primary percutaneous coronary intervention (PPCI).

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Design
In this study, we analyzed prospectively collected 
data from patients with STEMI. Details and charac-
teristics of the study were previously described.15– 17 In 
brief, patients with STEMI underwent PPCI and serial 
scintigraphic imaging at 2 tertiary cardiac care cent-
ers (Deutsches Herzzentrum München and Klinikum 
rechts der Isar, both at the Technical University of 
Munich) between January 2002 and December 2007. 
The diagnosis of STEMI was based on chest pain last-
ing ≥20 minutes and persistent ST- segment elevation 
≥1 mm in at least 2 extremities or ≥2 mm in at least 2 
chest leads or new onset of left bundle branch block.17 
In a recent analysis by Sager and colleaguees,17 200 
of 1406 patients with STEMI were excluded because 
the time of day at symptom onset was not clearly 
documented. Hence, the remaining cohort of 1206 
patients was included in this analysis with additional 
information (eg, about symptom onset) for further anal-
ysis. Two patients were excluded because admission 
hemoglobin measurements were not available. Hence, 
1204 patients with STEMI who had scintigraphic data 
on the myocardial area at risk and infarct size and both 
1-  and 5- year outcomes (ie, all- cause mortality, MI, or 
major adverse cardiovascular events [MACE]) were in-
cluded in this study. All patients gave written informed 
consent for PPCI and imaging procedures. The study 
protocol was approved by the institutional ethics com-
mittee (454/21 S- KH) and conforms to the Declaration 
of Helsinki.

Angiography and PPCI
The culprit lesion was identified during coronary angi-
ography by the presence of acute occlusion, intralu-
minal filling defects (or thrombus), ulcerated plaques 
with contrast- filled pocket protruding into the plaque 
with or without delayed contrast washout, extraluminal 
contrast, dissection or intraluminal flaps.17 Coronary 
artery disease in nonculprit lesions was defined as 
coronary stenosis of ≥50% lumen obstruction.17 Left 
ventricular ejection fraction (LVEF) at baseline and 
after 6 months was measured on left ventricular angio-
grams using the area- length method.17 Unfractionated 
heparin was used for periprocedural anticoagulation.17 
The antithrombotic regimen included clopidogrel, a 
loading dose of 600 mg, and aspirin 325 to 500 mg.17 
Chronic antithrombotic therapy consisted of clopi-
dogrel, 150 mg until discharge (no more than 3 days) 
mostly followed by 75 mg/d for ≥1 month, and aspirin 

CLINICAL PERSPECTIVE

What Is New?
• Our data show that an in- hospital hemoglobin 

drop of ≥3 g/dL, which occurred in one fourth to 
one fifth of the study population, was associated 
with reduced myocardial salvage, reduced left 
ventricular function, and increased long- term mor-
tality in patients with acute myocardial infarction.

What Are the Clinical Implications?
• These results indicate that precautionary meas-

ures should be implemented to strictly avoid 
blood loss in patients with myocardial infarction 
undergoing primary percutaneous coronary 
intervention.

• Further, our results suggest using a dynamic (in- 
hospital decline in hemoglobin levels ≥3 g/dL in 
comparison to admission levels) rather than a 
static hemoglobin cutoff in future randomized 
controlled trials comparing different transfusion 
strategies in patients with anemia and acute 
myocardial infarction.
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200 mg/d indefinitely.17 Few patients were treated with 
ticlopidine (250 mg twice/d) instead of clopidogrel and 
aspirin 200 mg/d indefinitely. If indicated— mostly be-
cause of new onset of atrial fibrillation— patients were 
treated with phenprocoumon in combination with ei-
ther aspirin and clopidogrel or aspirin and ticlopidin, 
respectively.

Measurement of Myocardial Area at Risk 
and Final Infarct Size Using SPECT
As previously described, 99mTc- sestamibi SPECT 
imaging was performed.15– 17 In short, SPECT imaging 
was performed serially in each patient at two prede-
fined time points by the following protocol: time point 
one: 99mTc- sestamibi (27 mCi [1000 MBq]) was ad-
ministered intravenously before PPCI and imaging was 
performed 6 to 8 hours after the injection to assess the 
perfusion defect (this estimates the myocardial area at 
risk); and time point two: 99mTc- sestamibi was again 
administered intravenously 7 to 14 days after PPCI and 
imaging was performed 6 to 8 hours after the injection 
to assess the perfusion defect (this estimates the final 
infarct size). Perfusion defects were defined as <50% 
uptake of 99mTc- sestamibi and were expressed as 
percentage of the left ventricle.17 Myocardial salvage 
index (or relative salvage) was calculated as the initial 
myocardial area at risk minus the final infarct size di-
vided by the initial myocardial area at risk.17 The myo-
cardial salvage index indicates the proportion of initial 
myocardial area at risk salvaged by therapy. All meas-
urements were performed by investigators who were 
not aware of the clinical or angiographic data.15– 17

Laboratory Data, Medical History, and 
Definitions
Laboratory measurements were performed daily and 
extracted from each patient’s chart up to 10 days of 
hospitalization. Baseline hemoglobin refers to the first 
available measurement of hemoglobin level recorded 
on admission. Nadir hemoglobin refers to the low-
est concentration measured during hospitalization. 
Patients with hemoglobin drop were those where there 
was a decrease in hemoglobin levels from admission 
to nadir hemoglobin levels as previously described.7 
Based on this difference, patients were categorized into 
4 groups: (1) no hemoglobin drop (patients with zero or 
negative difference between baseline and nadir hemo-
globin values), (2) <3 g/dL hemoglobin drop, (3) ≥3 to 
<5 g/dL hemoglobin drop, and (4) ≥5 g/dL hemoglobin 
drop. Creatine kinase myocardial band (CK- MB) was 
also measured daily and peak levels were defined as 
the highest value during hospitalization.17 CK- MB was 
used as an enzymatic estimate of infarct size.17 Renal 
function was assessed by calculating the creatinine 

clearance according to the Cockroft- Gault formula. 
According to the World Health Organization (WHO) 
definition, anemia was considered when serum hemo-
globin level was <12 g/dL in women or <13 g/dL in men.

Study Outcomes and Follow- Up
The co- primary end points were myocardial salvage 
index (or relative salvage) and 5- year all- cause mortal-
ity. Secondary end points were: 1- year all- cause mor-
tality, LVEF, nonfatal MI (1- year and 5- year follow- up), 
and MACE (1- year and 5- year follow- up). As a standard 
practice in our institutions at the time of patient dis-
charge, coronary angiography 6 months after the index 
procedure was scheduled. Moreover, coronary angi-
ography was performed whenever patients showed 
symptoms or signs of myocardial ischemia.17 The  
6- month angiograms were used for the calculation 
of the LV- EF at this time point. Nonfatal MI was di-
agnosed based on development of new abnormal Q 
waves in ≥ 2 contiguous chest or ≥2 adjacent extremity 
leads, or an elevation of CK- MB >2 times (>3 times for 
48 hours after a percutaneous coronary intervention 
procedure) the upper limit of normal in the presence of 
ischemia symptoms.17 Follow- up information was ob-
tained by staff members who were not aware of the 
clinical data via phone calls 30 days after percutane-
ous coronary intervention, 1 year after percutaneous 
coronary intervention, and yearly thereafter.17 Data on 
mortality were obtained from hospital records, death 
certificates, or phone contact with patients’ relatives or 
referring physicians.17

Statistical Analysis
Continuous data are presented as mean ± SD or me-
dian with 25th to 75th percentiles and 10th to 90th 
percentiles depending on normality of distribution and 
compared with 1- way ANOVA, Kruskal– Wallis test 
(plus Dunn’s multiple comparisons test), or Mann– 
Whitney test, as appropriate.17 Discrete variables were 
presented as proportions (percentages) and compared 
with chi- square test.17 The association between the 
hemoglobin drop (as a continuous variable) and poor 
myocardial salvage (defined as relative salvage below 
median) was tested using the multiple logistic regres-
sion model (with myocardial salvage as a dichotomous 
variable). The following variables were included in the 
model: age, sex, diabetes, hypercholesterolemia, fam-
ily history of cardiovascular disease, number of dis-
eased vessels, previous MI, Killip class on admission, 
hemoglobin values on admission, creatinine clear-
ance, door- to- balloon time, LVEF on admission, and 
no- reflow after percutaneous coronary intervention. 
Long- term clinical outcomes were assessed using the 
Kaplan– Meier method and log- rank test. Multivariable 
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Cox proportional hazards model was used to assess 
the association between hemoglobin drop (categorized 
as no drop, <3 g/dL hemoglobin drop, ≥3 to <5 g/dL 
hemoglobin drop, and ≥5 g/dL hemoglobin drop) and 
all- cause mortality. Hazard ratios (HRs) were shown 
with 95% CIs. Age, heart rate (on admission), systolic 
blood pressure (on admission), creatinine clearance, 
sex, diabetes, Killip class on admission, previous MI, 
number of diseased vessels, hemoglobin values on ad-
mission, and the difference between admission hemo-
globin and nadir hemoglobin values were entered into 
the model(s). Landmark analysis of all- cause mortality 
was performed at 30 days after admission to the hos-
pital, which on the one hand represents a common 
end point for early cardiovascular events,18 and on the 
other hand shows the influence of mortality beyond the 
phase of acute MI and hospitalization. Assuming an 
HR of 2.0 and a type I error rate of 5%, we calculated a 
power of 85% to detect significant differences regard-
ing outcomes in a sample size of 1157 individuals. A 
two- sided P value of <0.05 was considered to indicate 
statistical significance. IBM SPSS Statistics version 27 
and GraphPad Prism 8 (version 8.4.3) were used for 
statistical analysis and visualization of data.

RESULTS
Baseline Data
Of 1204 patients included in this analysis, 1169 
(97.1%) showed a hemoglobin drop during hospi-
talization. Patients were categorized into 4 groups: no 
hemoglobin drop (35 patients), <3 g/dL hemoglobin 
drop (894 patients), ≥3 to <5 g/dL hemoglobin drop 
(214 patients), and ≥5 g/dL hemoglobin drop (61 pa-
tients). Hemoglobin drop occurred early (within the first 
48 hours) in the majority of patients (Figure S1). Baseline 
characteristics of patients according to the degree of 
hemoglobin drop are shown in Table 1. The baseline 
variables differed between the groups with respect to 
age, sex, frequency of diabetes, hypercholesterolemia, 
positive family history for cardiovascular diseases, cre-
atinine clearance on admission, number of affected 
coronary vessels, previous MI, door- to- balloon time, 
Killip class on admission, occurrence of no- reflow after 
PPCI, and LV- EF on admission.

Prevalence of anemia with respect to sex both on 
admission and at the time point for nadir hemoglobin 
levels are shown in Table 2. According to the WHO defi-
nition, anemia on admission occurred in 127 patients 
(10.6%): 18 patients with no drop (51.4%), 91 patients 
with minimal drop (10.2%), 17 patients with minor drop 
(7.9%), and 1 patient with major drop (1.6%). Of those, 
84 patients were men (66.1%). When we considered 
nadir hemoglobin levels, 697 patients met the criteria 
for anemia (57.9%): 18 patients with no drop (51.4%), 

434 patients with minimal drop (48.6%), 185 patients 
with minor drop (86.4%), and 60 patients with major 
drop (98.4%). Of those, 488 individuals were men 
(70.0%).

In- Hospital Hemoglobin Drop and 
Myocardial Salvage
Scintigraphic data and CK- MB values are shown in 
Figure 1 and Figure S2. In patients with no hemoglobin 
drop, minimal drop, minor drop, and major hemoglobin 
drop, the myocardial area at risk or initial perfusion de-
fect before PPCI (median) was 25.0% (25th– 75th per-
centile, 8.0%– 39.0%), 22.0% (25th– 75th percentile, 
11.0%– 39.0%), 29.0% (25th– 75th percentile, 17.0%– 
51.0%), and 26.3% (25th– 75th percentile, 16.0%– 
43.0%) of the left ventricle, respectively. There was 
a significant difference in the area at risk in patients 
with minimal drop versus those with minor hemoglobin 
drop (Figure  1A). Moreover, we found that the myo-
cardial area at risk was significantly smaller in patients 
with a hemoglobin drop of <3 g/dL compared with pa-
tients with a drop of ≥3 g/dL (median, 22.0% [25th– 75th 
percentile, 11.0%– 39.0%] versus 29.0% [25th– 75th 
percentile, 16.7%– 48.0%], respectively) (Figure S2A).

In patients with no hemoglobin drop and minimal, 
minor, and major hemoglobin drop, the final infarct 
size in the 7 to 14 days scintigraphy (median) was 7.0% 
(25th– 75th percentile, 0.0%– 16.7%), 8.0% (25th– 75th 
percentile, 2.0%– 21.0%), 17.0% (25th– 75th percentile, 
6.0%– 30.0%), and 12.0% (25th– 75th percentile, 6.0%– 
29.0%) of the left ventricle, respectively. Final infarct 
sizes were greater among patients with minor hemo-
globin drop compared with patients with no or minimal 
hemoglobin drop (Figure 1B). Further, the final infarct 
size was smaller in the group with a hemoglobin drop 
of <3 g/dL versus the group with a drop of ≥3 g/dL as 
assessed by scintigraphy (median, 8.0% [25th– 75th 
percentile, 2.0%– 20.8%] and 16.0% [25th– 75th per-
centile, 6.0– 30.0%], respectively) (Figure S2B).

Peak CK- MB values, an enzymatic estimate of in-
farct size, are shown in Figure 1C. Specifically, in pa-
tients with no hemoglobin drop and minimal, minor, and 
major hemoglobin drop, peak CK- MB values (median) 
were 61.0 U/L (25th– 75th percentile, 30.0– 89.0 U/L), 
101.0 U/L (25th– 75th percentile, 46.0– 202.0 U/L), 
147.5 U/L (25th– 75th percentile, 75.5– 283.5 U/L), and 
132.0 U/L (25th– 75th percentile, 41.0– 329.0 U/L), re-
spectively. When we compared patients with a hemo-
globin drop <3 g/dL with patients with a drop of ≥3 g/
dL, we found lower peak CK- MB values in the group 
with a <3 g/dL drop (median, 98.0 U/L [25th– 75th per-
centile, 46.0– 197.0 U/L] and 147.0 U/L [25th– 75th per-
centile, 73.0– 300.0 U/L], respectively) (Figure S2C).

The myocardial salvage index (median)— the co- 
primary outcome— was 0.70 (25th– 75th percentile, 
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Table 1. Baseline and Procedural Characteristics

No drop
Minimal drop  
(<3 g/dL)

Minor drop  
(≥3 and<5 g/dL)

Major drop  
(≥5 g/dL)

P valuen=35 (2.9%) n=894 (74.3%) n=214 (17.8%) n=61 (5.1%)

Hemoglobin on admission, mean 
(SD), g/dL

12.2 (2.4) 14.3 (1.5) 14.7 (1.5) 14.9 (1.5) <0.001

Nadir hemoglobin, mean (SD), 
g/dL

12.2 (2.4) 12.7 (1.6) 11.0 (1.6) 8.9 (1.6) <0.001

Age, mean (SD), y 62.4 (10.6) 61.3 (13.0) 65.5 (12.7) 65.4 (13.4) <0.001

Men, n (%) 28 (80.0) 701 (78.4) 153 (71.5) 36 (59.0) 0.002

Diabetes, n (%) 4 (11.4) 158 (17.7) 47 (22.0) 20 (32.8) 0.011

BMI, mean (SD), kg/m2 25.9 (3.3) 26.8 (4.0) 26.6 (3.9) 26.2 (3.1) 0.359

Hypercholesterolemia, n (%) 28 (80.0) 485 (54.3) 101 (47.2) 35 (57.4) 0.003

Hypertension, n (%) 24 (68.6) 617 (69.0) 153 (71.5) 52 (85.2) 0.060

Current smoking, n (%) 10 (28.6) 391 (43.7) 88 (41.1) 27 (44.3) 0.319

Family history for cardiovascular 
disease, n (%)

9 (25.7) 370 (41.4) 86 (40.2) 15 (24.6) 0.009

CrCL
mean (SD), mL/min

83.2 (30.5) 90.0 (33.4) 81.8 (36.9) 75.3 (29.1) <0.001

No. of affected vessels (%) 0.007

1 11 (31.4) 342 (38.3) 62 (29.0) 12 (19.7)

2 10 (28.6) 279 (31.2) 65 (30.4) 22 (36.1)

3 14 (40.0) 273 (30.5) 87 (40.7) 27 (44.3)

Previous MI, n (%) 13 (37.1) 115 (12.9) 15 (7.0) 8 (13.1) <0.001

Previous CABG, n (%) 2 (5.7) 22 (2.5) 11 (5.1) 3 (4.9) 0.136

Time to admission, mean (SD), h 5.0 (5.28) 6.8 (6.1) 6.3 (5.7) 6.6 (6.1) 0.242

Door- to- balloon time, mean 
(SD), h

1.4 (0.7) 1.5 (0.9) 1.3 (0.7) 1.3 (0.8) 0.010

Killip class, n (%) <0.001

I 22 (62.9) 698 (78.1) 137 (64.0) 36 (59.0)

II 9 (25.7) 162 (18.1) 49 (22.9) 13 (21.3)

III 3 (8.6) 18 (2.0) 17 (7.9) 1 (1.6)

IV 1 (2.9) 16 (1.8) 11 (5.1) 11 (18.0)

Baseline TIMI flow, n (%) 0.630

0 12 (34.4) 411 (46.0) 112 (52.6) 31 (50.8)

1 3 (8.6) 99 (11.1) 27 (12.7) 7 (11.5)

2 11 (31.4) 209 (23.4) 45 (21.1) 13 (21.3)

3 9 (25.7) 174 (19.5) 29 (13.6) 10 (16.4)

Type of PCI, n (%) 0.277

PTCA, n (%) 5 (14.3) 128 (14.3) 22 (10.3) 7 (11.5)

Stenting, n (%) 30 (85.7) 766 (85.7) 192 (89.7) 54 (88.5)

No reflow, n (%) 5 (14.3) 98 (11.0) 46 (21.6) 16 (26.2) <0.001

LVEF, mean (SD), % 47.7 (13.0) 49.8 (11.0) 47.0 (12.3) 45.5 (13.1) <0.001

Infarct vessel (culprit lesion), 
n (%)

0.875

Left main 0 (0) 4 (0.5) 0 (0) 0 (0)

LAD 20 (57.1) 400 (44.7) 97 (45.3) 22 (36.1)

LCX 3 (8.6) 153 (17.1) 34 (15.9) 12 (19.7)

RCA 11 (31.4) 322 (36.0) 79 (36.9) 26 (42.6)

CABG surgery 1 (2.9) 15 (1.7) 4 (1.9) 1 (1.6)

BMI indicates body mass index; CABG, coronary artery bypass graft; CrCl, creatinine clearance; LAD, left anterior descending coronary artery; LCX, left 
circumflex coronary artery; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; PTCA, percutaneous 
transluminal coronary angioplasty; RCA, right coronary artery; and TIMI, thrombolysis in myocardial infarction.
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0.44– 1.00), 0.53 (25th– 75th percentile, 0.27– 0.83), 0.40 
(25th– 75th percentile, 0.18– 0.62), and 0.40 (25th– 75th 
percentile, 0.14– 0.77) in patients with no hemoglobin 
drop and minimal, minor, and major hemoglobin drop, 
respectively (Figure 1D). Myocardial salvage index was 
significantly lower in patients with minor or major he-
moglobin drop compared with patients with no he-
moglobin drop and in patients with minor hemoglobin 
drop compared with minimal hemoglobin drop. The 
salvage index was significantly lower in patients with 
a hemoglobin drop of ≥3g/dL compared with patients 
with a drop of <3 g/dL (median): 0.40 [25th– 75th per-
centile, 0.17– 0.65] versus 0.54 [25th– 75th percentile, 
0.27– 0.84], P<0.001) (Figure S2D).

The association between hemoglobin drop and 
myocardial salvage was assessed using the multivari-
able logistic regression model (see Methods for vari-
ables entered into the model). In the univariable logistic 
regression model, hemoglobin drop was associated 
with poor myocardial salvage (odds ratio [OR], 1.22 
[95% CI, 1.12– 1.33], P<0.001; for 1 g/dL hemoglobin 
drop). After adjustment, hemoglobin drop remained an 
independent correlate of poor myocardial salvage (OR, 
1.23 [95% CI, 1.11– 1.37], P<0.001; for 1 g/dL hemoglo-
bin drop) (Table 3).

In- Hospital Hemoglobin Drop and 1-  and 
5- Year Mortality
The median follow- up for all- cause mortality was 
1341 days. One- year follow- up for all- cause mortal-
ity was available in 1074 patients (89.2%). At 1 year, 
44 patients had died: 1 patient in the group with no 
hemoglobin drop, 21 patients in the group with minimal 
hemoglobin drop, 17 patients in the group with minor 
hemoglobin drop, and 5 patients in the group with 
major hemoglobin drop (Kaplan– Meier estimates of 
1- year mortality: 3.2%, 2.4%, 8.1%, and 8.3%, respec-
tively [log- rank test, P<0.001]) (Figure  2A). At 1 year, 
303 MACE occurred in 8 patients in the group with 
no hemoglobin drop, 206 patients in the group with 

minimal hemoglobin drop, 69 patients in the group with 
minor hemoglobin drop, and 20 patients in the group 
with major hemoglobin drop (Kaplan– Meier estimates 
of 1- year MACE: 25.0%, 24.9%, 33.2%, and 33.8%, 
respectively; log- rank test, P=0.005) (Figure S3A). At 
1 year, 32 MIs occurred in 2 patients in the group with 
no hemoglobin drop, 20 patients in the group with 
minimal hemoglobin drop, 7 patients in the group with 
minor hemoglobin drop, and 3 patients in the group 
with major hemoglobin drop (Kaplan– Meier estimates 
of 1- year MI: 6.3%, 2.3%, 3.3%, and 5.0%, respec-
tively; log- rank test, P=0.29) (Figure S4A).

Five- year follow- up for all- cause mortality was avail-
able in 451 (37.5%) patients. At 5 years, 104 patients 
had died: 1 patient in the group with no hemoglobin 
drop, 63 patients in the group with minimal hemoglo-
bin drop, 32 patients in the group with minor hemo-
globin drop, and 8 patients in the group with major 
hemoglobin drop (Kaplan– Meier estimates of 5- year 
mortality: 3.2%, 9.4%, 18.5%, and 16.8%, respectively; 
log- rank test, P<0.001) (Figure 2B). A landmark analy-
sis comparing early (within 30 days) with late (beyond 
30 days) events (6 versus 16 and 34 events after 1 and 
5 years, respectively) revealed that patients presenting 
with a hemoglobin drop ≥3 g/dL displayed the highest 
mortality when only events that occurred after 30 days 
were included (Figure  2C and 2D). At 5 years, 375 
MACE occurred: 10 patients in the group with no he-
moglobin drop, 259 patients in the group with minimal 
hemoglobin drop, 83 patients in the group with minor 
hemoglobin drop, and 23 patients in the group with 
major hemoglobin drop (Kaplan– Meier estimates of 5- 
year MACE: 32.9%, 33%, 42.5% and 43.5%, respec-
tively; log- rank test, P=0.005) (Figure S3B). At 5 years, 
41 MIs occurred in 2 patients in the group with no he-
moglobin drop, 27 patients in the group with minimal 
hemoglobin drop, 8 patients in the group with minor 
hemoglobin drop, and 4 patients in the group with 
major hemoglobin drop (Kaplan– Meier estimates of 5- 
year MI: 6.3%, 3.6%, 4.1%, and 7.2%, respectively; log- 
rank test, P=0.32) (Figure S4B). Kaplan– Meier curves 

Table 2. Prevalence of Anemia on Admission and on Nadir With Respect to Sex

No drop Minimal drop (<3 g/dL)
Minor drop (≥3 and 
<5 g/dL) Major drop (≥5 g/dL) P value

n=35 n=894 n=214 n=61

Anemia on admission

Sex, n (%)

Men 11 (31.4) 60 (6.7) 12 (5.6) 1 (1.6) <0.001

Women 7 (20.0) 31 (3.5) 5 (2.3) 0 <0.001

Anemia on nadir

Sex, n (%)

Men 11 (31.4) 311 (34.8) 131 (61.2) 35 (57.4) <0.001

Women 7 (20.0) 123 (13.8) 54 (25.2) 25 (41.0) <0.001
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for all- cause mortality, MACE, and MI are shown in 
Figure 2 and Figures S3 and S4, respectively.

In the multivariable Cox proportional hazards model, 
we observed a trend toward higher risk of death from 
any cause within the first year, particularly in individuals 
with minor or major hemoglobin drop. The hemoglo-
bin drop was also associated with long- term all- cause 
mortality (Table  4). After adjustment, the association 
between hemoglobin drop and 5- year mortality was 
significant for minor (adjusted HR, 13.31 [95% CI, 
1.64– 107.98]; P=0.016) and major (HR, 10.98 [95% CI, 
1.23– 98.24]; P=0.035) hemoglobin drop. The asso-
ciation between hemoglobin drop with mortality was 
assessed in the patient group with hemoglobin drop 
<3 g/dL versus those with a hemoglobin drop ≥3 g/dL. 
Patients with a ≥3 g/dL hemoglobin drop had a 92% 

higher adjusted risk for 5- year mortality compared with 
patients with a hemoglobin drop <3 g/dL (adjusted HR, 
1.92 [95% CI, 1.22– 3.00]; P=0.004).

In- Hospital Hemoglobin Drop and Left 
Ventricular Function
Angiographic data of LVEF on admission were available 
in 1146 of 1204 patients (95.2%): 31 (2.7%) patients with 
no hemoglobin drop, 853 (74.4%) patients with mini-
mal hemoglobin drop, 205 (17.9%) patients with minor 
hemoglobin drop, and 57 (5.0%) patients with major 
hemoglobin drop. LVEF values (median) were 49.0% 
(25th– 75th percentile, 42.0%– 56.0%), 50.0% (25th– 75th 
percentile, 44.0%– 57.0%), 46.0% (25th– 75th percen-
tile, 38.0%– 55.0%), and 46.0% (25th– 75th percentile, 

Figure 1. In- hospital hemoglobin drop and indices of infarct size and myocardial salvage.
A, Initial myocardial area at risk (percentage of the left ventricle [LV]) assessed by first scintigraphic imaging before primary 
percutaneous coronary intervention (PPCI). B, Final infarct size assessed by second scintigraphic imaging 7 to 14 days after PPCI 
(percentage of the left ventricle). C, Peak blood creatine kinase MB (CK- MB) values (U/L) (enzymatic infarct size). D, Myocardial 
salvage index (initial area at risk minus the final infarct size divided by initial myocardial area at risk) as a measure of the proportion 
of myocardial area at risk salvaged by treatment. Data are expressed as median with 25th to 75th percentiles (boxes), 10th to 90th 
percentiles (bars), and values outside the given percentiles (dots).
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36.0%– 55.0%), respectively, with a significant difference 
between groups with minimal and minor hemoglobin 
drop (Figure  3A). Data on LVEF at 6- month follow- up 
were available in 470 of the 1204 patients (39%): 16 
(3.4%) patients with no hemoglobin drop, 360 (76.6%) 
patients with minimal hemoglobin drop, 73 (15.5%) pa-
tients with minor hemoglobin drop, and 21 (4.5%) with 
major hemoglobin drop. In these groups, LVEF values 
at 6 months (median) were 62.0% (25th– 75th percentile, 
54.7%– 68.1%), 61.0% (25th– 75th percentile, 50.3%– 
68.0%), 53.2% (25th– 75th percentile, 45.1%– 64.0%), and 
57.0% (25th– 75th percentile, 46.2%– 64.6%), respectively 
(Figure 3B). At 6 months, LVEF was lowest in the group 
with minor hemoglobin drop, with a significant reduction 
compared with the group with minimal hemoglobin drop.

Data on LVEF both at baseline and 6- month fol-
low- up were available in 447 patients (37.1%): 13 (2.9%) 
patients with no hemoglobin drop, 343 (76.7%) patients 
with minimal hemoglobin drop, 71 (15.9%) patients with 
minor hemoglobin drop, and 20 (4.5%) patients with 
major hemoglobin drop (Figure  3C). A significant re-
covery (improvement compared with baseline values) 
of the LVEF at 6- month follow- up occurred only in pa-
tients with minimal hemoglobin drop, whereas there 
was no significant recovery in the other groups.

DISCUSSION
The impact of hemoglobin drop on myocardial sal-
vage in the setting of STEMI has not been investigated. 
The current study assessed the association between 
hemoglobin drop and myocardial salvage and long- 
term clinical outcome in patients with STEMI undergo-
ing PPCI. We report the following main findings: First, 
patients with STEMI with a hemoglobin drop ≥3 g/dL 
during hospitalization showed a greater infarct size and 
reduced myocardial salvage compared with patients 
with STEMI without hemoglobin drop or a drop <3 g/
dL during hospitalization. Thus, each g/dL hemoglobin 
drop during hospitalization was associated with an OR 
of 1.23 for poor myocardial salvage. Second, LVEF at 
6 months after MI recovered in patients with hemo-
globin reduction <3 g/dL but not in those with a hemo-
globin drop ≥3 g/dL.

Third, a hemoglobin drop of ≥3 g/dL was associated 
with increased 5- year all- cause mortality.

Anemia is common in patients with acute MI and 
may: (1) be already present on admission (baseline 
anemia), or (2) develop during the hospital stay with 
possible contributions of periprocedural and postpro-
cedural bleeding from invasive procedures and inten-
sified anticoagulant therapy. However, lack of oxygen 
carriers/supply may further deteriorate cardiac func-
tion by exacerbating myocardial ischemia even after 
coronary flow is re- established. Our data show that the 
prevalence of anemia was 10.5% on admission and 
anemia developed in 57.9% of the patients with STEMI 
at some point during hospitalization. These data are in 
line with previous studies which reported that anemia 
was present in ≈20% of patients with acute MI and the 
proportion of patients with anemia increased to 48% 
during hospitalization.6

Anemia often triggers red blood cell transfusions, 
which are administered in up to 10% of patients with 
acute coronary syndrome,19 although a clear hemoglo-
bin cutoff value mandating transfusion is not yet stan-
dardized. In most studies, a liberal blood transfusion 
strategy (transfusion triggered by hemoglobin levels 
<9 g/dL) was compared with a restrictive blood trans-
fusion strategy (transfusion triggered by hemoglobin 
levels <7.0 g/dL). Since data from large randomized 
controlled trials including patients with acute coronary 
syndrome are missing, current guidelines recommend 
a restrictive policy of transfusion in patients with ane-
mia with acute MI.19 This recommendation is substan-
tiated by the recently published REALITY (Restrictive 
and Liberal Transfusion Strategies in Patients With 
AMI) trial.20 This trial enrolled patients with acute MI 
and anemia at any time during admission and ran-
domly assigned them to either a restrictive (transfu-
sion administered when hemoglobin was ≤8 g/dL) or 
a liberal (transfusion administered when hemoglobin 

Table 3. Univariate and Multivariate Association of  
In- Hospital Hemoglobin Drop and poor Myocardial Salvage 
in the Logistic Regression Model

OR (95% CI) P value

Univariable model

In- hospital hemoglobin drop 
(per g/dL)

1.22 (1.12– 1.33) <0.001

Multivariable model

In- hospital hemoglobin drop 
(per g/dL)

1.23 (1.11– 1.37) <0.001

Hemoglobin on admission 
(per g/dL)

0.93 (0.84– 1.03) 0.144

Age (per year) 0.99 (0.98– 1.01) 0.473

Sex (if woman) 0.48 (0.37– 0.68) <0.001

Diabetes (if yes) 0.71 (0.51– 0.99) 0.049

Hypercholesterolemia (if yes) 0.90 (0.70– 1.17) 0.436

Family history for 
cardiovascular disease (if yes)

0.96 (0.73– 1.25) 0.752

Creatinine clearance (per 
mL/min)

0.99 (0.99– 1.00) 0.214

Three- vessel disease 
(reference 1- vessel disease)

1.20 (0.86– 1.70) 0.287

Previous MI (if yes) 1.76 (1.15– 2.69) 0.009

Door to balloon (per h) 1.17 (1.00– 1.37) 0.045

Killip class IV (reference Killip 
class I)

1.09 (0.49– 2.42) 0.826

No reflow (if yes) 2.00 (1.36– 2.95) <0.001

LVEF (per %) 0.96 (0.95– 0.0.97) <0.001

LVEF indicates left ventricular ejection fraction; MI, myocardial infarction; 
and OR, odds ratio.
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was ≤10 g/dL) transfusion strategy. The study showed 
that a restrictive transfusion strategy was noninferior to 
the liberal strategy in preventing 30- day major adverse 
cardiac events supporting the use of a restrictive strat-
egy for blood transfusion in anemic patients with MI.

A recent study investigated the impact of blood 
loss/hemoglobin drop during the index hospital stay in 
patients with acute coronary syndrome. The authors 
found that in patients with acute coronary syndrome, 
an in- hospital hemoglobin drop of ≥3 g/dL occurs fre-
quently and was associated with increased risk for 1- 
year mortality.7 Another study that also explored the 
impact of changes in hemoglobin levels during hospital 

stay on long- term outcome in patients with MI found 
that development of anemia was associated with in-
creased long- term mortality.21 In line with these 2 previ-
ous trials, our study also shows that a hemoglobin drop 
of ≥3 g/dL was associated with decreased long- term 
survival. However, how a drop in hemoglobin leads to 
increased mortality remains unclear. One may specu-
late that lack of oxygen carriers attributable to a loss 
in the acute setting may worsen myocardial ischemia 
and may even promote extension of the infarcted area. 
Our scintigraphic and biomarker findings support such 
a mechanism. SPECT imaging and blood peak CK- MB 
levels showed a larger infarct size in patients with a 

Figure 2. In- hospital hemoglobin drop and 1- year (A) and 5- year (B) all- cause mortality.
Landmark analysis at 30 days for 1- year (C) and 5- year (D) all- cause mortality.

Table 4. Association of Hemoglobin Drop With 1-  and 5- y All- Cause Mortality After Adjustment in the Multivariable Cox 
Proportional Hazard Model

1- y mortality
HR (95% CI) P value

5- y mortality
HR (95% CI) P value

No hemoglobin drop Reference Reference

Minimal hemoglobin drop 
(hemoglobin drop <3 g/dL)

2.83 (0.31– 26.10) 0.360 6.38 (0.82– 49.61) 0.075

Minor hemoglobin drop 
(hemoglobin drop ≥3 to <5 g/
dL)

7.75 (0.77– 78.50) 0.083 13.31 (1.64– 107.98) 0.016

Major hemoglobin drop 
(hemoglobin drop ≥5 g/dL)

8.24 (0.71– 95.69) 0.090 10.98 (1.23– 98.24) 0.035

Age, heart rate (on admission), systolic blood pressure (on admission), creatinine clearance, sex, diabetes, Killip class on admission, previous myocardial 
infarction, number of diseased vessels, hemoglobin values on admission, and the difference between admission hemoglobin and nadir hemoglobin values were 
entered into the analysis. HR indicates hazard ratio.
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hemoglobin drop of ≥3 g/dL. Importantly, we found that 
myocardial salvage was reduced in patients with a he-
moglobin drop of ≥3 g/dL. In line, we also found that re-
duced myocardial salvage and larger infarct size were 
associated with lack of recovery of ventricular function 
after acute MI and lower LVEF at 6 months after the 
acute event in patients with a hemoglobin drop ≥3 g/dL. 
Our findings suggest that reduced myocardial salvage 
and deteriorated cardiac function may provide an ex-
planation for increased long- term mortality associated 
with hemoglobin drop in patients with STEMI.

The fact that acute hemoglobin drop seems to 
impact mortality may have implications for treatment 
strategies of these patients. It may be suggested that 
blood transfusion should not be triggered by the pres-
ence of anemia alone but rather by the degree of acute 
hemoglobin loss. Whether blood transfusions can 

reverse the deleterious effect of an acute hemoglobin 
drop of ≥3 g/dL remains to be tested in future random-
ized controlled trials.

This study has several limitations. First, this is a ret-
rospective analysis of patients presenting with STEMI 
treated with PPCI in 2 tertiary cardiac care centers 
between 2002 and 2007 and not a trial specifically 
designed to investigate the association between he-
moglobin drop and the infarct size or clinical outcome. 
Second, considering the time of patients’ inclusion, the 
therapy of patients does not adhere to current guide-
lines. In particular, less potent P2Y12 inhibitors (mainly 
clopidogrel) and less advanced stent technology than 
currently recommended were used. Moreover, in almost 
all patients, a femoral artery route was used for PPCI. 
These factors may have had an impact on peripro-
cedural and postprocedural ischemic and bleeding 

Figure 3. In- hospital hemoglobin drop and left ventricular ejection fraction (LVEF) at (A) baseline, (B) 6 months, and (C) 
comparison between baseline and 6 months.
Data are median with 25th to 75th percentiles (boxes), 10th to 90th percentiles (bars), and values outside the given percentiles (dots).
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complications. Our mortality data are, however, in 
line with analyses from contemporary clinical trials.7,12 
Third, data on preexisting diseases were not available. 
Preexisting bleeding diathesis, for instance, may also 
have impacted the acute reduction of hemoglobin lev-
els during hospitalization. Moreover, details on blood 
transfusion, follow- up hemoglobin levels, or potential 
bleeding events following the index hospitalization with 
PPCI were not available. Further, in patients present-
ing with low hemoglobin levels, the cause of anemia is 
unknown (no information, for instance, on iron status). 
Finally, our study shows associations but no causality 
in the relationship between hemoglobin drop and myo-
cardial salvage, LVEF, or long- term mortality.

CONCLUSIONS
In patients with STEMI undergoing PPCI, in- hospital 
hemoglobin drop was associated with reduced myo-
cardial salvage, poor recovery, and reduced LVEF and 
increased long- term mortality.
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SUPPLEMENTAL MATERIAL 

 



Figure S1. Hemoglobin levels during hospitalization over the course of ten days in acute 

ST-segment elevation myocardial infarction patients categorized into four groups 

according to the degree of in-hospital hemoglobin drop.  

a) “No drop” (nadir hemoglobin was equal to admission hemoglobin level), (b) “Minimal 

drop” (> 0 g/dL - ≤3 g/dL), (c) “Minor drop” (≥ 3 g/dL - ≤ 5 g/dL) and (d) “Major drop” (≥ 5 

g/dL). Two hemoglobin level measurements (0.1 and 0.2) were available on the admission 

day. Data are median with 25th–75th percentiles (boxes), 10th – 90th percentiles (bars) and 

values outside the given percentiles (dots). 



Figure S2. In-hospital hemoglobin drop and indices of infarct size and myocardial 

salvage. 

(a) Initial myocardial area at risk (% of the left ventricle) assessed by first scintigraphic imaging

prior to primary percutaneous coronary intervention (PPCI). (b) Final infarct size assessed by 

second scintigraphic imaging 7 - 14 days after PPCI (% of the left ventricle). (c) Peak blood 

creatine kinase myocardial band (CK-MB) values [U/l] (enzymatic infarct size). (d) 

Myocardial salvage index (initial area at risk minus the final infarct size divided by initial 

myocardial area at risk) as measure of the proportion of myocardial area at risk salvaged by 

treatment. Data are median with 25th–75th percentiles (boxes), 10th – 90th percentiles (bars) 

and values outside the given percentiles (dots). LV=left ventricle. 



Figure S3. In-hospital hemoglobin drop and (a) 1-year and (b) 5-year event-free survival 

for major adverse cardiac events (MACE). 



Figure S4. In-hospital hemoglobin drop and (a) 1-year and (b) 5-year event-free survival 

for myocardial infarction. 
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