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Abstract

Background:
Sustained postoperative anemia after Coronary Artery Bypass Graft (CABG) is asso-
ciated with an impaired outcome. The reason that anemia sustains in these patients is 
unknown. We hypothesized that the degree of post-operative inflammation is inversely 
related to erythropoiesis efficiency after CABG. 

Methods:
Consecutive patients that underwent elective CABG surgery at the University Medical 
Center Groningen between 2009 and 2011 were identified and their data were extracted 
from electronic Databases. A normal reticulocyte response was defined as an increase 
in reticulocyte count (RC) compared to pre-operative values. The relationship between 
changes in RC,hemoglobin (Hb) and inflammation was assessed with multivariable lo-
gistic regression analysis. 

Results
A total of 1147 patients were included in the analysis. Hb decreased from 13.9±1.58 g/dL 
to 10.5±1.60 g/dL 3 days after surgery, whereas RC increased from 12 (IQR 10-15) ‰ to 
17 (IQR 14-22) ‰. The increase in RC after CABG was inversely related to changes Hb, 
C-reactive protein (CRP) and creatinine.  An insufficient reticulocyte response was pres-
ent in 126 (11%) of patients. Changes from baseline in Hb and CRP were independently 
associated with an insufficient reticulocyte response. 

Conclusion 
Impaired erytropoiesis after CABG surgery is associated with an increased inflamma-
tory response.
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 Background
Anemia is common in patients with various cardiovascular diseases, including heart 
failure, myocardial infarction and stable coronary disease.1-3 

The presence of anemia in these patients is associated with increased morbidity and 
mortality, suggesting that anemia could represent a nodal point for intervention. 
Despite all efforts to prevent blood loss, more than 90% of patients develop anemia after 
CABG.4,5 Cardiovascular patients are thus subjected to an established cardiovascular 
risk factor by an intervention that is intended to reduce that risk. Indeed, we recently 
demonstrated that sustained postoperative anemia is associated with an impaired out-
come after CABG.6  These findings suggest that more aggressive measures to prevent or 
limit postoperative anemia could improve outcome after CABG. 
The factors responsible for the impaired recovery from anemia are, however, unknown. 
In heart failure patients bone marrow suppression has been identified as a central mech-
anism driving the increased susceptibility to anemia.7,8 Inflammatory cytokines are po-
tent suppressors of erythropoiesis and inflammation has been associated with anemia 
through mechanisms involving bone marrow suppression.9 Because major surgeries 
such as CABG inflict a systemic inflammatory response syndrome, we hypothesised 
that the degree of post-operative inflammation is inversely related to erythropoiesis 
efficiency after CABG. For this purpose, we analysed the association between post-op-
erative reticulocyte response and inflammation following CABG surgery. 
 
Methods
In the current study we retrospectively analysed all consecutive patients that under-
went CABG surgery at the University Medical Center Groningen (UMCG) between 
2008 and 2009. Data was extracted from the patients file and only unique cases were 
used. The study was performed following the UMCG research code and approved by 
the local medical ethical committee. 

Laboratory assessment
With every routine Hemoglobin (Hb) measurement a reticulocyte count (RC) was also 
performed in the same sample. Reticulocyte count is expressed as promille (‰) of cir-
culating erythrocytes. Routine C-reactive protein (CRP) and creatinine concentrations 
were also determined in the central laboratory using lithium heparin tubes. A reticu-
locyte response was defined as an increase in RC at day 3 compared to pre-operative 
values.   
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Statistical Analysis
Results are presented as mean ± standard deviation (SD) when normally distributed, 
as median and interquartile range (IQR) when non-normally distributed and as fre-
quencies and percentages for categorical variables. Comparisons of differences between 
groups were made by unpaired Student’s t-test, Kruskall Wallis test when appropri-
ate. The relation between reticulocyte response and Hb, creatinine, CRP, sex and age 
was assessed with logistic regression analysis using standardized values. Variables that 
showed a significant (p<0.10) univariate association were entered in a multivariable 
regression model using backward selection. In this model, variables that did not retain 
significance were subsequently removed from the model based on the strength of their 
association.   
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Figure 1. Scatter plots of hemoblobin, C-reative protein and creatinin in relation to 
reticulocytes both before and after surgery. Scatter plots according to variable and 
time before or after surgery. R=regression coefficient, CI: coinfidence interval. 
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Results
Study cohort
A total of 1147 patients were studied. Mean age was 66 (IQR; 58-74) years and the ma-
jority of the patients (66%) were male. Hb dropped from 13.9±1.58 g/dL before surgery 
to 10.5±1.60 g/dL 3 days after surgery. Pre-operative anemia was present in 206 (18%) 
patients, whereas 1113 (97%) of the patients were anemic 3 days after surgery. 

Reticulocyte response
Average RC increased from 12 (IQR 10-15) ‰ before surgery to 17 (IQR 14-22) ‰ at 3 
days after surgery. In 126 patients there was no detectable increase in RC. Character-
istics stratified according to the presence or absence of a reticulocyte response at day 
3 are depicted in table 1. Patients with no increase in RC were more often male, were 
younger, and had higher hemoglobin levels, 3 days after surgery. Furthermore, CRP 
levels were higher both before and after surgery. 

Univariate predictors of erythropoiesis
Figure 1 depicts the relation between reticulocytes and Hb, creatinine or CRP before 
and after surgery. As expected, there was a significant correlation between Hb and RC 
before and after surgery. Before surgery there was a small yet significant correlation 
between RC and CRP. In contrast, there was strong inverse correlation between CRP 

Variable  No increase  
(n=126)  

increase 
(n=1021)  

P value  

Age (years)  59 ± 14  63 ± 14  <0.01  
Female (%)  18%  34%  <0.01  
Reticulocytes (‰)     

Before surgery  13 (11-17)  11 (9 -14)  <0.01  
Day 3  13 (10 –  17)  17 (14 -21)  <0.01  

Hemoglobin (g/dL)     
Before surgery  14 (12 –  15)  14 (13 -15)  0.94  
Day 3  12 (10-  13)  10 (9 -11)  <0.01  

CRP (mg/L)     
Before surgery  2.5 (2.5 –  10)  2.5 (2.5 –  6)  0.01 
Day 3  167 (100 –  238)  121 (64 –  194)  <0.01  

Creatinin e (µmol/L)     
Before surgery  81 (72-92)  81 (70 –  92)  0.27 
Day 3  75 (65-86)  74 (63 -88)  0.24 

Table 1. Baseline characteristics by reticulocyte response
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and RC 3 days after surgery. Accordingly, there was a significant univariate association 
between changes from baseline in Hb and RC, CRP and RC and creatinine and RC. 

Multivariable predictors or erythropoiesis
Logistic regression analysis was used to identify predictors of an impaired reticulocyte 
response (table 2). Sex, the post-operative drop in Hb and post operative increase in 
CRP levels were independently associated with an insufficient reticulocyte response. 

Discussion
Post-operative anemia is virtually inevitable after major surgery such as CABG. Never-
theless, the severity and duration of anemia is inversely related to outcome. Recovery 
from anemia relies heavily on efficient erythropoiesis in the bone marrow, suggesting 
that erythropoiesis is suppressed in patients with sustained post-operative anemia. In 
the current analysis we show, for the first time, that the severity of the systemic in-
flammatory response after CABG is inversely related to the efficiency of erythropoiesis. 
These findings suggest that suppression of erythropoiesis by inflammatory cytokines is 
may underlie sustained post-operative anemia.  

The link between inflammation and anemia
The association between inflammation and anemia is well described and appears to 
be a major underlying etiology for anemia in various chronic diseases, including heart 
failure.10 While inflammation can cause anemia through several complementary mech-
anisms including hypoferremia due to increased iron cell uptake and iron retention.10,11 
suppression of erythropoiesis is perhaps the most well described.12,13  Inflammatory cy-
tokines such as TNF-α, interferon γ, interleukin 1 and interleukin 6 inhibit proliferation 
of erythroid progenitior cells. Also, these cytokines reduce erythropoietin production 
and decrease the sensitivity of the bone marrow to erythropoietin.9,14,15 Acute systemic 
inflammatory responses also occur during surgery, trauma, and sepsis.16 Erythropoiesis 
efficiency has also been shown to be associated with a systemic inflammatory response 
syndrome in these patients.17 To the best of our knowledge, this is the first study to show 
that inflammation after CABG surgery is associated with suppression of erythropoiesis. 

Clinical implications
Chronic inflammatory diseases are common in patients scheduled for CABG.18As 
shown, patients with impaired reticulocyte response had increased CRP levels before 
surgery. Patients with active chronic inflammation therefore probably reflect a high 
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risk group that should be intensely monitored to limit the duration of post-operative 
anemia after CABG surgery. In addition, it would be prudent to avoid erythropoiesis 
inhibiting factors such as angiotensin convering enzyme (ACE) inhibitors in the early 
post operative phase.6 

Limitations
The limitations are that this retrospective analysis is necessarily an observational anal-
ysis and that despite all efforts; the potential for confounding can never be fully elimi-
nated. For instance, patients were selected on the basis of reticulocyte and hemoglobin 
values, which may result in selection bias.  Moreover, potentially confounding variables 
such as transfusion, medication, comorbidities were not available for our multivariable 
analysis. Our study should thus be regarded as hypothesis generating. 

In conclusion, impaired erythropoiesis after CABG surgery is associated with an in-
creased inflammatory response.

 

Variable                  Univariable    Multivariable   
 Odds ratio  (95% CI)  p-value  Odds ratio (95% CI)  p-value  
Age  1.23 (1.05 -1.45) 0.01    
Sex  1.49 (1.20 – 1.86)  <0.01  1.37 (1.05 – 1.78)  0.02  
Hb  change  0.23 (0.17 -0.31) <0,01  0.25 (0.18 -0.33)  <0.01  
Creatinin e change  0.81 (0.62 - 1.03) 0.09    
CRP change  0.66 (0.55 -0.80) <0.01  0.68 (0.59 – 0.89)  <0.01  

Table 2.  logistic regression analysis for reticulocyte increase at 3 days after surgery
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