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INTRODUCTION

Thereis a consensus of agreement among several studies on the negative prognostic impact

of anemia on the early outcome of cardiovascular surgery*. A growing body of evidence
suggests that pre-operative treatment of anemia and iron deficiency with intravenous
iron, particularly when administered with erythropoietin, may increase the concentration
of hemoglobin (Hb) with a reduced risk of allogeneic blood transfusion®*¢. However,
current knowledge of the benefits of, and possible harm from, iron administration before
cardiac surgery is rather limited*® and patient blood management strategies’ are not
widely implemented. Importantly, no data on the prevalence and prognostic impact of
anemia several weeks after cardiac surgery are available. In the present study, we aimed
to investigate the effect of post-operative anemia 1-3 months after surgery on the late
survival of patients who had undergone isolated coronary artery bypass grafting (CABG).

MATERIALS AND METHODS

Patient population and data collection

The European Multicenter Study on Coronary Arterial Bypass Grafting (E-CABG)
registry includes consecutive patients who underwent isolated CABG at 16 European
cardiac surgery centers from January 2015 to May 2017. The project is registered at
clinicaltrials.gov (NCT02319083). The study was approved by the Institutional Review
Board or ethical committee of each participating center. The Ethical Committee of the
sponsor institution granted permission to perform this study (Ethic Committee Name:
Pohjois-Pohjanmaan Siraanhoitopiiri; approval Code: 195/2014; approval date: 20/10/2014).
Data on pre-operative, operative, and early post-operative variables and outcomes were
prospectively collected. Eight of the participating centers agreed to a retrospective
collection of data. This included data on late events and this subset of patients forms
the basis of this analysis. Data on the date of death was collected retrospectively from
institutional and national electronic registries and by contacting regional hospitals,
general practitioners, patients and their relatives. Anemia was defined as baseline
Hb concentration <12.0 g/dL in women and <13.0 g/dL in men. The primary outcome
of this study was s-year all-cause mortality. Participating hospitals shared a policy of
administration of blood transfusion when post-operative Hb concentration was <90 g/dL
on the day of surgery and during post-operative day 1, and <80 g/dL after that.

Statistical analysis
The Mann-Whitney test, the *test, Fisher’s exact test, and repeat measure analysis with



the between-subjects effects test were used for univariate
analysis. Univariable and multivariable analysis of late

Table I - Patients’ baseline characteristics, operative data,

mortality was performed using the Cox proportional
hazards model with the Harrell's C and Somers’ D as
measures of predictive power of the regression model. The
ability of Hb concentrations to predict late mortality was
estimated also with the receiver operative characteristic
(ROC) curve for time-dependent outcome (Stroccurve for
Stata). All tests were two-sided. p<0.05 was considered
significant.  Statistical analyses were
performed using SPSS v.25 (IBM Corporation, Armonk,
NY, USA) and Stata v.15.1 (StataCorp LLC, TX, USA)

statistical softwares.

A total of 2,948 patients underwent surgery at the
participating centers from January 2015 to May 2017. Of
these, 2,342 patients were excluded from the analysis
because of lack of data on Hb concentration at a check-
up at 1-3 months, 24 patients because of lack of data on
pre-operative or perioperative Hb concentration. Overall,
582 (19.8%) patients were included in the present analysis.
Patients’ characteristics are summarized in Table I. Of
the 582 patients analyzed, 528 (90.7%) had undergone
surgery at the Oulu University Hospital, Finland, and the
Karolinska Institute, Sweden, because these centers are
responsible for routine post-operative control of patients
for their catchment area. Data on late outcome of these
two centers are from National registries and are, therefore,
expected to be complete. Mean follow-up of this series was
4.9+1.0 years. Five-year mortality of this series was 8.8%.

Post-operative measurement of Hb concentration was
taken after a mean 1.8+5.5 months (median 1.7 months)
after surgery. There was a significant difference in
Hb concentration before surgery (during the index
hospitalization) and 1-3 months after surgery between
patients who died after that timeframe and survivors
(between-subject effects: p=0.002; when adjusted for
gender: p=0.001; Figure 1). However, this was mainly due to
differences in Hb concentration at 1-3 months post-surgery.

and main early outcomes
Co-variates N. (%) / mean (SD)
Baseline risk factors
Age (years) 66.7+9.0 statistically
Female 98 (16.8)
eGFR (mL/min/1.73 m?) 77+20
Diabetes 194 (33.3)
Prior stroke/TIA 52(8.9)
Atrial fibrillation 59(10.1) RESULTS
Pulmonary disease 52(8.9)
Extracardiac arteriopathy 70 (12.0)
LVEF <50% 196 (33.7)
Critical pre-operative state 37 (6.4)
Recent STEMI 30(5.2)
Emergency procedure 27 (4.6)
N. of diseased vessels 2.8+0.5
EuroSCORE I1 (%) 2945
Operative data
N. of distal anastomoses 3.240.9
Off-pump surgery 93(16.0)
BIMA grafting 171(29.4)
Early post-operative outcomes
Stroke 8(1.4)
Resternotomy for bleeding 21(3.6)
Deep sternal wound infection 23 (4.0)
N. of transfused RBC units 1.3+2.7
AKI 149 (25.6)
Hemoglobin concentrations (g/dL)
Before surgery 13.6+1.6
Nadir concentration after surgery during index 9.8+1.6
hospitalization
1-3 months after surgery 12.2+1.8
Anemia
Before surgery 153 (26.3)
After surgery during index hospitalization 571(98.1)
1-3 months after surgery 334 (57.4)

Continuous variables are reported as the mean + standard deviation (SD).
Categorical variables are reported as counts and percentages. Anemia is
defined as baseline hemoglobin concentration <12.0 g/dL in women and
<13.0 g/dL in men. AKI: acute kidney injury according to the KDIGO citeria;
BIMA: bilateralinternal mammary artery; eGFR: estimated glomerular filtration
rate according to the CKD-EPI equation; EuroSCORE: European System for
Cardiac Operative Risk Evaluation; LVEF: left ventricular ejection fraction; RBC:
red blood cells; TIA: transient ischemic attack. Clinical variables are defined
according to EuroSCORE | criteria.

In univariate Cox proportional hazards analysis, Hb
concentration at 1-3 months post-surgery had a significant
impact on s5-year all-cause mortality (HR: 0.691;
95% CI: 0.606-0.788; Harrell’s C: 0.676; Somers’ D: 0.351).
The survival area under the ROC curve at 5 years was
0.321. Pre-operative concentrations of Hb tended to be
associated with an increased risk of s-year all-cause
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Test of between-subject effects, p=0.002

p=0.912
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Before surgery

Nadir level during index hospitalization

1-3 months after surgery

Figure 1 - Hemoglobin concentrations before isolated coronary surgery, its nadir concentration during the index
hospitalization and 1-3 months after surgery. Test of between-subjects effects is for repeated measures evaluation.
p-values below the boxplots are according to the Mann-Whitney test at each study interval.

mortality (HR: 0.870;95% CI: 0.749-1.011; Harrell’s C: 0.550;
Somers’ D: 0.100). Nadir concentration of Hb during the
index hospitalization was not associated with increased
risk of late death (HR: 1.029; 95% CI: 0.872-1.215; Harrell’s
C:0.515; Somers’ D: 0.030).

Multivariable analysis showed that age (HR: 1.071; 95%
CI: 1.032-1.112), extracardiac arteriopathy (HR: 2-048;
95% CI: 1.133-3.701), left ventricular ejection fraction
<50% (HR: 2.742; 95% CI: 1.618-4.645), and estimated
glomerular filtration rate according to the CKD-EPI
equation (HR: 0.980; 95% CI: 0.968-0.993) were all
independent predictors of 5-year all-cause mortality.

14

When adjusted for these co-variates along with
gender, Hb concentration 1-3 months after surgery was
associated with an increased risk of 5-year all-cause
mortality (HR: 0.750; 95% CI: 0.649-0.866) with a rather
high predictive ability (Harrell’s C: 0.785; Somers’ D:
0.571). Pre-operative and perioperative concentrations of
Hb were not predictive of late mortality. At 1-3 months of
follow-up, 334 (57.4%) patients had anemia and their risk
of 5-year mortality was significantly increased compared
to those without anemia at this study interval (12.3 vs
4.0%; adjusted HR: 2.518; 95% CI: 1.260-5.030; Harrell’s C:
0.779; Somers’ D: 0.558) (Figure 2).

At 1-3 months postoperative control Anemia
124
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0 1 3 4 5
Years
No anemia 248 246 244 240 239 147
Anemia 334 325 316 310 294 187

Figure 2 - Kaplan-Meier’s estimates of 5-year all-cause mortality in
patients with and without anemia 1-3 months after coronary surgery
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When only data from two Scandinavian centers were
analyzed (528 patients), at 1-3 months of follow-up, 290 (54.9%)
patients had anemia and their risk of 5-year mortality was
significantly increased compared to those without anemia
at this study interval (12.1 vs 4.2%; adjusted HR: 2..516; 95% CI:
1.248-5.070; Harrell’s C: 0.785; Somers’ D: 0.571).

When cut-off of post-operative anemia was set at
13.0 g/dL, independently of gender, its incidence was
60.8% and it was associated with increased risk of 5-year
mortality (adjusted HR:2.049;95% Cl:1.020-4.117; Harrell’s
C: 0.776; Somers’ D: 0.553). Pre-operative anemia with
a cut-off of 13.0 g/dL, independently of gender, was not
associated with increased risk of late mortality (adjusted
HR:0.769; 95% CI: 0.435-1.358).

Linear regression identified risk factors associated with
low Hb concentration at a 1-3 months check-up. These were:
age (p<o.0001), female gender (p=0.006), pre-operative
Hb (p<0.0001), diabetes (p<0.0001),
number of transfused red blood cells (RBC) during index

concentration

hospitalization (p<0.0001), post-operative acute kidney
injury (p<0.0001), and creatinine concentration at 1-3
months post surgery (p<0.0001). Antithrombotic drugs at
discharge were not associated with low Hb concentration
later at check-up.

DISCUSSION

The main results of the present multicenter study showed:
1) over halfthe patients had anemia 1-3 months after CABG;
2) post-operative low Hb concentration was predicted by
pre-operative anemia, perioperative blood transfusion,
acute kidney injury, and concurrent creatinine
concentration, among other variables; 3) anemia detected
several weeks after CABG was associated with a marked
increase in risk of 5-year mortality.

The present findings suggest that the negative prognostic
impact of anemia seems to be more evident a few weeks
after cardiac surgery compared to the pre-operative
period. Importantly, over half the patients had anemia
at 1-3 months due to significant blood loss and its likely
associated iron deficiency. However, in the post-operative
setting, hemodilution secondary to heart failure, or
even acute kidney injury, cannot be ruled out. Results
of our analysis were also adjusted for pre-operative
left ventricular ejection fraction, which was itself an

independent predictor of 5-year mortality, but not of

low post-operative Hb concentrations. On the contrary,
both post-operative acute kidney injury and increased
creatinine concentrations at 1-3 months after surgery
were associated with low Hb concentrations. Indeed,
acute kidney injury may lead to edema, and, in turn,
anemia might be related to dilution in a larger distribution
volume. Furthermore, renal failure may contribute to
refractory anemia in the elderly®. However, since the nadir
concentration of Hb during the index hospitalization
was as low as 99.8 g/dL, Hb concentration at 1-3 months
could, for the most part, reflect the perioperative loss
of erythrocyte mass and failure to replace it during this
timeframe.

The that
strategies to improve Hb concentration before cardiac

present findings suggest pre-operative
surgery in anemic patients may be a valid measure to
reduce the risk of post-operative anemia and the need
for blood transfusion®. Indeed, analysis showed that
both pre-operative Hb concentration and the number of
transfused RBC were predictive of low Hb concentration
at 1-3 months after surgery. Similar measures to increase
Hb concentration later after surgery may potentially
contribute to reducing the risk of mortality.

This study has some limitations which might have affected
the validity of the present findings. 1) Data on baseline,
operative, and early post-operative variables were
collected prospectively, while data on late events were
collected retrospectively, mostly from national electronic
registries. 2) No data on the administration of iron
and/or erythropoietin after surgery were available (these
therapies were not part of the routine treatment of
post-operative anemia in our hospitals). 3) There are no
data on the cardiac causes of death of these patients.

The strength of this study lies in the availability of reliable
late survival data from these two Scandinavian centers
and the sample size. In fact, a post-hoc analysis (alpha
0.05; power 0.80) based on Hazard Ratio (3.667) of 5-year
mortality for post-operative anemia showed that only 13
patients in each study group would have been sufficient to
reject the null hypothesis.

CONCLUSIONS

The results of this study demonstrate that over half the
patients undergoing isolated CABG are anemic 1-3 months
post surgery. Persistence of anemia a few weeks after
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surgery is associated with a marked increase in the risk of
late mortality. Further studies are needed to confirm this
finding, to evaluate the causes underlying post-operative
anemia, and to assess whether treatment of post-operative
anemia may improve the late outcome of these patients.
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