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Lowest Hematocrit on 
Cardiopulmonary Bypass 
Impairs the Outcome in 
Coronary Surgery
An Italian Multicenter Study from the 
National Cardioanesthesia Database

Severe hemodilutional anemia on cardiopulmonary bypass increases morbidity and 
mortality after coronary surgery. The present study focuses on the lowest hematocrit 
values during extracorporeal circulation and on allogenic blood transfusions as mortal-
ity and morbidity risk factors.

The records of 1,766 consecutive adult patients undergoing isolated coronary artery 
bypass graft surgery at 3 institutions have been analyzed retrospectively for in-hospital 
mortality and adverse outcomes. Clinical data were from the Italian National Cardio-
anesthesia Database. Multivariate analysis and analysis of receiver operating character-
istic curves were applied.

The lowest hematocrit value on cardiopulmonary bypass was an independent risk 
factor for postoperative low-output syndrome and renal failure. The hematocrit cut-
off values were similar for renal failure (23%) and low-output syndrome (24%). Blood 
transfusions were significantly associated with both renal failure and low-output syn-
drome. The risk of renal failure doubled when the nadir-on-cardiopulmonary-bypass he-
matocrit occurred in transfused patients. Anemia upon cardiopulmonary bypass was 
not associated with death.

Our findings confirm that both severe anemia and blood transfusions were signifi-
cantly associated with renal failure and low-output syndrome. (Tex Heart Inst J 2006; 
33:300-5)

n cardiac surgery, several factors can cause hemodilutional anemia during cardio-
pulmonary bypass (CPB). Among them are the patients’ characteristics (such as 
body size, sex, and baseline hematocrit level) and CPB management (transfusion 

policy, priming volume, and size of the circuit and oxygenator).
 From many points of view, hemodilution throughout CPB is considered favor-
able: 1) the reduction of blood viscosity improves peripheral perfusion and blood 
flow to tissues and facilitates venous return1-4; 2) in hypothermic procedures, he-
modilution counteracts the tendency towards high viscosity at low temperature; 
and 3) accommodating anemia may decrease the number of blood transfusions.5

 However, the suitable limit of hemodilutional anemia is not yet clear, and nu-
merous reports1-12 have pointed out the potential disadvantages of low hematocrit 
values during CPB.
 Unfortunately, the literature lacks studies that fulfill 2 important criteria. First, 
many existing studies do not consider the fact that some intraoperative factors 
(CPB duration, volume of fluids administered, and body temperature on bypass) 
can change either the hematocrit value or the physiological consequences of its re-
duction. Second, many existing studies do not define the essential role, with respect 
to outcome, of the relationship between a low hematocrit value during CPB and 
the need for blood transfusion. Blood transfusion—itself a risk factor in cardiac 
surgery13,14—should not be underestimated when considering hemodilution as a 
predictor of poor outcome.
 The present study attempts to evaluate the effects of the nadir hematocrit during 
CPB and of allogenic blood transfusions upon outcome in cardiac surgery.
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Methods

 Data Collection. This is a multicenter retrospective 
cohort study that draws on prospectively collected data 
from 3 Italian cardiothoracic surgical centers (Bologna, 
Milan, and Siena). Clinical data were from the Italian Na-
tional Cardioanesthesia Database. We studied the data 
on 1,766 consecutive patients who underwent iso  lated 
coronary artery bypass grafting (CABG) from January 
2003 through December 2004. Patients who under-
went associated procedures (valve repair or replace ment, 
resection of a ventricular aneurysm with or with out re-
modeling of the left ventricle, or combined carotid ar-
tery surgery) or who underwent off-pump CABG were 
excluded from the analysis.
 Perioperative data also included unstable angina, an-
tiaggregant (heparin) therapy, priority of surgery (elec-
tive, urgent, or emergent), number of vessels grafted, 
priming pump volume, and postoperative bleeding. 
Patients undergoing “redo” CABG operations were 
also enrolled, because they represent a growing part 
of the cardiac surgical population.
 The lowest hematocrit value on bypass was defined 
as the nadir hematocrit value throughout the CPB. 
Allogenic blood transfusions were defined as a binary 
(yes/no) variable, and they were taken into account 
only if more than 2 red-blood-cell units were trans-
fused during or after surgery. The outcome variables 
included reopening (due to postoperative bleeding), 
low-output syndrome (LOS) (postoperative need for 
inotropic support for more than 48 hours or the need 
for an intra-aortic balloon pump or ventricular assist 
device), perioperative myocardial infarction (new Q-
waves and enzymatic criteria according to local defini-
tion), cardiac arrhythmias (requiring treatment), stroke 
(new focal neurologic deficit documented by computed 
tomography and lasting for at least 72 hours), coma 
(loss of consciousness lasting more than 24 hours), re nal 
failure (need for dialysis, except for patients on chronic 
dialysis), lung dysfunction (poor gas exchange that re-
quires more than 48 hours of mechanical ventilation), 
tracheostomy, mesenteric infarction, wound infection, 
mediastinitis, and systemic infection. Mortality was de-
fined as in-hospital death.
 Statistical Methods. A χ2 test or Fisher’s exact test (as 
appropriate) was used for categorical variables, and a 
Student’s t-test was used for continuous variables. Fac-
tors considered for multiple logistic regression included 
only those found significant by univariate analysis. The 
logistic regression analysis used a forward stepwise se-
lection procedure, and adjustments for multiple com-
parisons were performed. A P value ≤0.15 was used as 
a screening criterion for the selection of candidate vari-
ables that potentially correlated with the nadir hemato-
crit on CPB. Receiver operating characteristic (ROC) 
curves were generated to identify the predictive lowest 

hematocrit on CPB threshold (cutoff) for adverse out-
comes. Receiver operating characteristic curves graph 
the sensitivity (SE) of a diagnostic test (true positive 
proportion) versus 1 minus specificity (SP) (false posi-
tive proportion) and provide an improved measure of 
the overall discriminatory power of a test as they assess 
all possible threshold or cutoff values. Finally, to de-
termine the role of the lowest hematocrit on CPB in 
comparison with the role of transfusion, complicated 
patients were divided into 4 groups according to the he-
matocrit cutoff value and the need for allogenic blood 
transfusions; and analyses (a χ2 test or Fisher’s exact 
test, as appropriate) for LOS and for renal failure were 
completed. The statistical analysis was done with SPSS 
application software version 11.5 (SPSS Inc.; Chicago, 
Ill).

Results

Clinical characteristics and the main perioperative data 
are presented in Table I. Upon univariate analysis, the 
lowest hematocrit on CPB, together with other covari-
ates, was significantly related to LOS, lung dysfunc-
tion, renal failure, and mortality (Table II). After the 
analysis for those covariates was adjusted, the nadir 
hematocrit on CPB remained an independent risk fac-
tor for LOS and renal failure (Table III). Upon mul-
tivariate analysis, the nadir hematocrit on CPB was 
not a risk factor for mortality (Table IV). The ROC 
curve analysis performed for LOS identified a predic-
tive value of nadir hematocrit on CPB of 24%, with 
an area under curve (AUC) of 0.62 (95% confidence 
interval [CI] = 0.572 to 0.671; SE=0.60, SP=0.57; P 
<0.01). The threshold hematocrit value on CPB for 
renal failure was 23%, with an AUC of 0.74 (95% CI 
= 0.631 to 0.852; SE=0.70, SP=0.68; P <0.01). The 
ROC curve analysis identified a cutoff value of hemat-
ocrit on CPB of 24% for the requirement of blood 
trans fusion, with an AUC of 0.746 (95% CI = 0.722 
to 0.770; SE=0.70, SP=0.72; P <0.001).
 The relationship between LOS, renal failure, and 
the cutoff values of hematocrit on CPB with respect 
to the need for blood transfusions is shown in Figure 
1. Low-output syndrome was higher in patients being 
transfused (P <0.001), but no differences related to 
the lowest hematocrit within each group were found 
(Fig. 1). Renal failure was significantly higher in pa-
tients receiving transfusions (P <0.001), and within 
that group it doubled in patients with a hematocrit 
level on CPB less than 23% (2.1% vs 4.3%, P <0.001) 
(Fig. 2).

Discussion

Despite a number of studies that point out several 
drawbacks of extremely low values of hematocrit dur-



Volume 33, Number 3, 2006302      Hemodilution on Cardiopulmonary Bypass

TABLE I. Demographics, Clinical Characteristics, and Operative Data

Range or % and (n) Mean ± SD

Age (years) 33–91  65.0 ± 9.1
Sex (female) 23% (403)   —
Weight (kg) 43–151  74.1 ± 12.4
Ejection fraction 0.15–0.81  0.52 ± 0.11
Acute myocardial infarction <7 days 3% (54)    —
Congestive heart failure 17% (31)   —
Cardiogenic shock 0.5% (10)   —
Preoperative serum creatinine (mg/dL) 0.50–5.1  1.29 ± 0.46
Dialysis 0.07% (14)   —
Chronic obstructive pulmonary disease 9.1% (161)   —
Previous stroke or transient ischemic attack 3.4% (60)   —
Diabetes on therapy 14.2% (251)   —
Preoperative hematocrit (%) 10.4–53.2  39.6 ± 4.4
Reoperation 4.2% (75)   —
Cardiopulmonary bypass time (min) 12–382  75.0 ± 37
Aortic cross-clamp time (min)   0–175  45.6 ± 25
Lowest hematocrit on cardiopulmonary bypass (%) 13–39  25.2 ± 4.0
Lowest temperature on cardiopulmonary bypass (°C) 25–37  32.2 ± 1.6
Allogenic blood transfusion >2 Units 43% (762)   —

ing CPB, the acceptable limit of hemodilutional ane-
mia remains unclear.
 The nadir hematocrit on CPB reflects demographic 
variables (sex and body size), comorbid conditions (re-
nal failure and preoperative anemia), variations in CPB 

management (fluid administration, body temperature, 
and duration), and variations in local transfusion guide-
lines for management of CPB-related anemia. Each of 
those variables can cause hemodilutional anemia during 
CPB but can itself be a risk factor for poor outcome. 

TABLE II. Univariate Morbidity and Mortality Risk Analysis for the Lowest Hematocrit Level on Bypass and the 
Other Significant Factors Identified

Outcome
Variables

Lowest Hematocrit on CPB
(Logistic Regression Parameters)

Other Univariate
Risk Factors (P  Values)

Low-output 
syndrome

Constant: 0.3
Regression coefficient: –0.109
SE: 0.02
P <0.001

Age (0.004); weight (0.007); EF (<0.001); recent MI (<0.001); 
CHF (<0.001); cardiogenic shock (<0.001); chronic dialysis (0.012); 
previous TIA or stroke (0.023); baseline hematocrit (<0.001); 
treatment with heparin (0.047); preoperative creatinine (<0.001); 
CPB duration (0.004)

Lung dysfunction Constant: –0.81
Regression coefficient: –0.13
SE: 0.04
P <0.001

Age (<0.001); recent MI (0.017); COPD (<0.001); previous TIA or 
stroke (0.01)

Renal failure Constant: 1.05
Regression coefficient: –0.22
SE: 0.05
P <0.001

Age (0.013); EF (0.003); preoperative creatinine (<0.001); CHF 
(0.001); cardiogenic shock (<0.001); preoperative IABP (<0.002); 
COPD (0.018); baseline hematocrit (0.011); CPB duration (0.039)

Mortality Constant: –0.85
Regression coefficient: –0.11
SE: 0.038
P=0.003

Age (0.003); female (0.04); EF (0.002); recent MI (0.03); CHF 
(<0.001); cardiogenic shock (<0.001); preoperative IABP (0.008); 
chronic dialysis (<0.001); baseline hematocrit (0.03); CPB duration 
(<0.001); preoperative creatinine (<0.001)

CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CPB = cardiopulmonary bypass; EF = ejection 
fraction; IABP = intra-aortic balloon pump; MI = myocardial infarction; SE = standard error; TIA = transient ischemic attack
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TABLE III. Multivariate Logistic Regression Analyses for Morbidity

Morbidity Risk Factors P  Values OR 95% CI

Low-Output Syndrome

Lowest hematocrit on CPB (%)   0.007 1.18 1.001–1.359

Ejection fraction (%) <0.001 1.97 1.490–2.617

Cardiogenic shock   0.004 3.69 1.519–8.258

Preoperative creatinine (mg/dL) <0.001 2.09 1.578–2.787

Cardiopulmonary bypass duration (min)   0.011 1.26 0.868–1.752

AUC = 0.78; Hosmer-Lemeshow test = 0.521

Lung Dysfunction

Lowest hematocrit on CPB (%)   0.146 0.91 0.837–1.005

Age (years)   0.019 1.28 0.519–3.154

Recent myocardial infarction   0.003 2.40 1.251–5.442

Chronic obstructive pulmonary disease   0.008 2.99 1.333–6.713

AUC = 0.75; Hosmer-Lemeshow test = 0.193

Renal Failure

Lowest hematocrit on CPB (%)   0.011 1.93 1.231–3.926

Preoperative IABP   0.014 3.47 1.563–9.376

Chronic obstructive pulmonary disease   0.025 1.10 0.898–1.415

Preoperative creatinine (mg/dL) 0.05 3.30 1.242–6.772

Cardiopulmonary bypass duration (min)   0.018 1.22 0.914–1.688

Cardiogenic shock   0.030 2.32 1.344–4.486

AUC = 0.84; Hosmer-Lemeshow test = 0.366

AUC = area under the receiver operating characteristic curve; CI = confidence interval; IABP = intra-aortic balloon pump; 
OR = odds ratio

TABLE IV. Multivariate Logistic Regression Analysis for Mortality

Mortality Risk Factors P  Values OR 95% CI

Lowest hematocrit on CPB (%)  0.872 0.97 0.891–1.066

Age (years)  0.008 1.41 1.173–1.748

Cardiogenic shock  0.008 3.96 1.562–10.347

Chronic dialysis  <0.001 3.93 1.484–9.546

Cardiopulmonary bypass duration (min)  0.002 1.28 0.574–1.865

Preoperative creatinine (mg/dL)  <0.001 2.55 1.690–5.849

Sex female  0.029 1.01 1.007–1.019

AUC = 0.71; Hosmer-Lemeshow test = 0.570

AUC = area under the receiver operating characteristic curve; CI = confidence interval; OR = odds ratio
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For example, a longer CPB time means administration 
of more cardioplegic solution and larger fluid volume 
(that is, higher hemodilution). At the same time, a lon-
ger CPB time is itself a risk factor for mortality and 
morbidity.15 Due to the complexity of the model itself, 
drawing conclusions from a multivariate analysis with-
out analyzing all the potential factors can induce mis-
leading results even if a large population is analyzed.
 A 2nd major point of concern is the role of trans-
fusions. Allogenic blood transfusions, often required 
whenever major complications occur, correlate to pre- 
and intraoperative factors and are a risk factor for ad-
verse events. Because they are both a cause and an effect 
of poor outcomes, blood transfusions should not be 
analyzed with conventional multivariate risk analysis. 
Yet excluding transfusions from a study that focuses on 
intraoperative anemia can produce uncertain results.
 In our observational study of 1,766 consecutive 
CABG patients, we tried to overcome these problems 

by including several CPB-related variables in the anal-
ysis, and then by including blood transfusions and 
postoperative bleeding as interactive factors, in a sub-
sequent step of the analysis.
 Our findings showed that 1) the nadir hematocrit 
on CPB is an independent risk factor for LOS and 
renal failure; 2) after blood transfusions are included 
in the analysis, LOS is associated with transfusions, 
and the nadir hematocrit on CPB loses statistical sig-
nificance; 3) after blood transfusions are included in 
the analysis, renal failure is significantly associated 
with transfusions, and within the group with hema-
tocrit values of less than 23% on CPB, transfusions 
double the risk of renal failure; 4) ROC curve analyses 
show similar hematocrit cutoff values for LOS and 
renal failure; and 5) mortality does not correlate with 
the nadir hematocrit on CPB.
 Three studies showed that nadir hematocrit on CPB 
is a risk factor for death. Fang and colleagues,9 in a se-
ries of 2,738 CABG patients, identified 2 cutoff values 
of hematocrit on CPB that were related to mortality: 
14% for low-risk patients and 17% for high-risk pa-
tients. Fang’s cutoff values are extremely low, and we 
were unable to compare them with our data, since 
a cutoff point lower than 17% would have included 
only 40 of our patients. DeFoe and associates10 used 
a statistical approach that analyzed 5 classes of lowest 
intraoperative hematocrit (<19%, 19%–20%, 21%–
22%, 23%–24%, and ≥25%), and showed that the 
lowest hematocrit on bypass was significantly associ-
ated with in-hospital death. Finally, Habib and col-
leagues12 analyzed data from 5,000 consecutive cardiac 
operations and found a strong association between 
severity of hemodilution on CPB and death. Our re-
sults did not show the nadir hematocrit on CPB to be 
a mortality risk factor. However, our study included 
only 1,766 patients in comparison with the 2,738 pa-
tients studied by Fang, the 6,980 patients examined 
by DeFoe, and the 5,000 patients examined by Habib. 
Moreover, only 45 deaths (2.5%) were observed in the 
present study. These elements suggest that our study 
could be statistically underpowered to detect any sig-
nificant relationship between anemia and mortality. 
Large observational studies might offer more certain 
evidence of a link between low on-pump hematocrit 
values and death.
 A further uncertain issue is the association between 
hematocrit levels and myocardial dysfunction. Spiess 
and coworkers16 demonstrated that a hematocrit value 
of more than 34% after CPB is a risk factor for myo-
cardial infarction. Hardy and colleagues17 showed that 
the anemia after surgery was associated with hemo-
dynamic instability. DeFoe and colleagues10 found a 
significant association between low hematocrit values, 
failure of weaning from CPB, and the need for an intra-
aortic balloon pump. In our series, ROC curve analysis 

Fig. 1  Relative roles of the lowest hematocrit (Hct) on cardio-
pulmonary bypass (CPB) and of transfusion in determining 
low-output syndrome (see text for details).
• a versus b: P=NS
• c versus d: P=NS
• c and d versus a or b: P <0.001.

Fig. 2  Relative role of the lowest hematocrit (Hct) on cardio-
pulmonary bypass (CPB), and transfusions in determining 
renal failure (see text for details).
• a versus b: P=NS
• c versus d: P <0.01
• c and d versus a or b: P <0.001.
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showed that by choosing a hematocrit cutoff on CPB 
of less than 24%, the risk of LOS was unmodified. On 
the other hand, transfused patients showed an increased 
LOS rate not related to the hematocrit cutoff value. 
Transfusions are often given in the hope of improv-
ing cardiac output and oxygen delivery to the tissues. 
Although transfusions may appear to be a risk factor 
for myocardial infarction,16 our findings could be ac-
counted for by our more liberal transfusional policy in 
regard to patients who have cardiac dysfunction after 
CPB.
 Renal failure was higher in transfused patients, and 
the risk of renal impairment doubled when the transfu-
sions were associated with a nadir hematocrit on CPB 
of less than 23%. These results confirm our previous 
findings6 and agree with those of Stafford-Smith, Hardy, 
and Karkouti.7,17-18 There is evidence that perfusing the 
kidney with severely anemic blood during CPB increas-
es the risk of postoperative renal failure. The peculiar 
physiology of the kidney could play a role. Under nor-
mal conditions, the oxygen content of the renal tissues 
is low, and the medullar tissue is nearly hypoxic.19 Severe 
hemodilution leads to a further decrease in the blood 
arterial oxygen content and may cause renal injury.18,19

 In conclusion, the nadir hematocrit on CPB plays 
a role in affecting the outcome after CABG surgery. 
Our findings show that severe anemia on CPB is a 
likely determinant of LOS and a definite risk factor for 
postoperative renal failure. In addition, the role of trans-
fusions has been established for acute renal failure. Be-
cause the nadir hematocrit on CPB is one of the major 
determinants of allogenic blood transfusions, its role 
should be considered in triggering transfusion-related 
complications. Limiting the hemodilutional anemia 
(by reducing the size of the oxygenator and circuits, 
limiting the intraoperative fluid administration, or re-
ducing the priming volume) might improve outcomes 
after coronary surgery. Proof that less hemodilution 
improves outcomes in this setting awaits a sound pro-
spective goal-oriented trial that investigates one or 
more strategies to reduce anemia during CPB.
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