
Introduction
The base deficit is a non-respiratory indicator

of acid-base status that evaluates the severity of

shock at the cellular level. A drop in the total
number of base or buffers such as bicarbonate,
hemoglobin and plasma protein reflect imbal-
ance between tissue oxygen supply and de-
mand. Base deficit results from cellular metab-
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Abstarct
Background: Base deficit is a non-respiratory indicator of acid base status that eval-

uates the severity of shock at the cellular level. Base deficit results from cellular metab-
olism of pyruvate under anaerobic conditions. In this situation, base deficit is a sensi-
tive marker of the magnitude of anaerobic metabolism and tissue oxygen deficit [1].
Several studies have shown a strong positive correlation between base deficit and the
risk of morbidity and mortality in clinical situations such as circulatory shock, extracor-
poreal support and in children after operation for complex congenital heart disease. 

Methods: 136 consecutive cases with coronary artery disease and valvular heart dis-
ease were scheduled in the study. 20 variables were determined during the preopera-
tive, intraoperative and postoperative periods. Statistical univariate analysis was per-
formed differentiating patients whose initial base deficit after weaning from cardiopul-
monary bypass was -8 meq and these whose base deficit was equal or more than -8 meq.   

Results: 39 patients  had base deficit levels less than -8 (Group A) and 91 had a level
of >_ -8 meq/L (Group B). Patients with a base deficit level of -8 meq/L or more were
older and most of them were women. The prevalence of left ventricular ejection frac-
tion less than 30% and coronary artery disease was not significantly higher in patients
with base deficit of >_ -8 meq/L . No difference was found according to the presence of
hypertension or diabetes in patients with base deficit levels of –8 or higher than in those
with base deficit levels less than –8 (P >0.05). In the univariate analysis of preoperative
variables, there were no differences with respect to factors such as age, sex, diabetes,
preoperative hemoglobin level, hypertension, emergency operation and redo opera-
tion. Congestive heart failure was different between the two groups (P < 0.05). Three
variables had a statistically significant difference in the univariate analysis and two of
them were highlighted by the linear logistic model.

Conclusion: The value of base deficit which was measured during the immediate
postoperative open-heart surgery period is correlated with the volume of fresh frozen
plasma and blood transfusion after open heart surgery and using of intra-aortic balloon
pump after surgery.
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olism of pyruvate under anaerobic conditions
[1]. Therefore, base deficit is related to the total
oxygen debt and the magnitude of tissue hypo-
perfusion [2,3]. Several studies have suggested
that base deficit has prognostic value in patients
with circulatory shock [4, 5, 6]. A base deficit
from 0 to –2 is considered normal, but mildly
inadequate cellular and tissue perfusion is re-
flected in a base deficit between –3 and –5, a
moderate abnormal base deficit is between –6
and –9 and a severe base deficit abnormality is
–10 or lesser. Advanced age or alcohol use
could falsely increase the base deficit level [1].
The purpose of this study is to test the hypothe-
sis that an elevated base deficit level in open
heart surgery patients could be an indicator of
impaired systemic oxygen utilization and por-
tends poor outcome.

Methods
This study was a retrospective analysis of a

prospectively-collected database. The study
population included all patients (136 consecu-
tive) admitted to cardiac intensive care after
open heart surgery between August 2002 and
June 2004. The patients in this study (n=136)
had mean age of 54±10.67 years. There were 88
men and 47 women. Patients with alcohol abuse
and more than 75 years of age were excluded
from the study. Base deficit was obtained from
the first arterial blood sample after weaning
from cardiopulmonary bypass. Patients were
divided in to those who maintained a persistent-
ly high base deficit of ( >_ -8 meq/L) (Group B)
and those who achieved base deficit (<-8
meq/L) (Group A). Variables were compared
with T-test (continuous variable), χ2, as a uni-
variate analysis and a linear regression model,
was performed on the variables and showed to
have a statistically significant difference in uni-
variate analysis with determination of the odds
ratio. ROC curve was obtained for determina-
tion of sensitivity and specificity of this test.
Factors considered for univariate analysis in-
cluded: age, sex, body surface area, diabetes,

preoperative hemoglobin level, congestive
heart failure, hypertension, redo operation,
emergency operation, CPB time, aortic cross
clamp time, maximum and minimum CPB
flow, neurological complication, myocardial
infarction, mortality, hemodynamic stability,
pulmonary complication, intra-aortic balloon
pump use, gastrointestinal complication, renal
failure, and infection. All patients were treated
with the same CPB technique. After systemic
heparinization, the aorta and vena cava were
cannulated and CPB initiated using either roller
or centrifugal pump, membrane oxygenators
were used and the circuit was primed with 2
liters of a crystalloid solution (Ringer’s lactate).
Systemic temperature was decreased to 28°C
during perfusion. Flow rate was maintained at
2.2 l/min.m2 at 37°C and 2 l/min.m2 at 28 °C.
Mean systemic arterial pressure was continu-
ously monitored and maintained between 60
and 70 mmHg. Arterial blood samples were
drawn after weaning from CPB and stored im-
mediately on ice to prevent lactate production.
Blood gas was measured on an ABG commer-
cial analyzer (Nuva Company, USA). For the
purpose of the study base deficit levels after
CPB with a pump prime solution containing
Ringer’s lactate were expected to be normally
between 0-2 meq/L, according to one previous
study [1]. Hypertension and diabetes were di-
agnosed if the patient had a history of the condi-
tion. Congestive heart failure was defined as a
present or previously documented episode of
pulmonary edema in a patient with left ventric-
ular dysfunction. Left ventricular function was
evaluated by echocardiography. Myocardial in-
farction was documented by new Q wave or ST
segment elevation on the electrocardiogram or
CPK MB concentration higher than 100 IU/L
within 48 hours after the operation. Low car-
diac output syndrome was defined by inotropic
drugs or intra-aortic balloon pump use for 24
hours or more; pulmonary dysfunction was de-
fined as mechanical ventilation for 48 hours or
more or acute respiratory failure necessitating
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reintubation; renal failure was defined as creati-
nine of more than 1.5 mg/L; post operative mor-
tality was defined as death occurring during
hospitalization for operation.

Results
Patients in the study (n=136) had a mean age

of 54±10.67 years. There were 88 men and 47
women. Coronary artery bypass operation was
performed in 80 cases of the study population
and valvular operation in 56 cases. Among the
patients included in the present study, 39 had
base deficit levels less than -8 (A group) and 91
had a level of >_ -8 meq/L (B group). Patients
with a base deficit level of -8 meq/L or more
were older and most of them were women. The
prevalence of left ventricular ejection fraction
less than 30% and coronary artery disease was
not significantly higher in patients with base
deficit of  >_ -8. No differences were found ac-
cording to the presence of hypertension or dia-
betes in patients with base deficit levels of –8 or
higher than those with base deficit levels less
than –8 (P value >0.05). In univariate analysis
of preoperative variables there were no differ-

ences in regard to factors such as diabetes, pre-
operative hemoglobin level, hypertension,
emergency operation and redo operation. Con-
gestive heart failure was different between the
two groups  (P value less than 0.05)(Table 1).

Factors such  as cross clamp time, lowest he-
moglobin during CPB, maximum CPB flow
and minimum CPB flow were not significantly
different between the two groups (Pvalue< 0.05)
(Table 2).

Postoperative factors such as hemodynamic
stability, myocardial infarction, intra-aortic
balloon pump use and inotropic drug use were
significantly different between the two groups
(P< 0.05) (Table 3).  Factors such as infection,
renal failure, gastrointestinal complications
and pulmonary complications were almost the
same in both groups (P > 0.05)(Table 3).  

In linear regression with base deficit less than
-8 as dependent variable, factors significantly
associated with these variables included: pre-
operative hemoglobin, renal complication, ICU
stay, and minimum hemoglobin during CPB.

According to ROC curve analysis the best
threshold value of base deficit for predicting the
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Table 1.  Preoperative characteristics of 136 patients undergoing cardiac operation according to base deficit levels after
CPB.

NS: Not significant

Table 2. Intraoperative characteristics of 136 patients undergoing cardiac operation according to base deficit levels
after CPB.

NS: Not significant

Preoperative hemoglobin level
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occurrence of postoperative complications had
a sensitivity and specificity of 65% and 75%,
respectively (Fig. 1).

Discussion
Outcome after cardiac operation is deter-

mined by preoperative characteristics of the pa-
tient in addition to intraoperative factors such
as surgical technique, myocardial protection,
and CPB. Several risk factor models have been
developed to predict outcome after cardiac op-
eration but very few consider intraoperative
events [5-16]. Such intraoperative factors may
identify the postoperative course. Monitoring
of such factors during the surgical procedure
may lead to early therapeutic intervention that
might improve outcome. Cardiopulmonary by-
pass is widely used to maintain systemic perfu-
sion and oxygenation during coronary artery
bypass and other open heart surgery. Tissue hy-
po-perfusion with lactic acidosis during CPB

may occur despite normal gas concentration
[10]. Therefore, high blood lactate level during
CPB may reflect as base deficit and may be
used as a marker of inadequate tissue oxygen
delivery. The goal of this study was to evaluate
the association between base deficit after CPB
and postoperative morbidity and mortality in an
adult cardiac surgical population. Under anaer-
obic condition, oxidative phosphorylation is
not possible and ATPis produced from pyruvate
and metabolized to lactate that is reflected as
base deficit. In this situation, base deficit is a
sensitive marker of the magnitude of anaerobic
metabolism and tissue oxygen deficit [1]. Sev-
eral studies have shown a strong positive corre-
lation between base deficit and the risk of mor-
bidity and mortality in clinical situations such
as circulatory shock, extracorporeal support
and in children after operation for complex con-
genital heart disease [1-4,17,18]. As early as
1964, Roder and Weil [2] documented that only
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(in hospital)

NS: Not significant

Table 3.  Postoperative characteristics of 136 patients undergoing cardiac operation according to base deficit levels
after CPB.

Table 4.  Summary of linear regression of base deficit.
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11% of patients with excess levels of base
deficit survived circulatory shock. Later, these
authors showed that as base deficit increased
from –2 to –8 mmol/L the probability of sur-
vival from shock decreased from 9% to 1% [3].
These findings were confirmed more recently
by other groups (1,4). Moreover serial base
deficit determination was also reported to be
useful to assess response of patients in shock to
therapy as a decrease in base deficit exceeding
–6 mmol/L [19].  In high risk general surgical
patients a positive correlation between the esti-
mated intraoperative oxygen deficit and post-
operative base deficit was observed [20]. It was
concluded that base deficit determination
maybe used to assess the degree of accumulated
oxygen deficit and in titrating therapy to sup-
port postoperative physiologic compensation.

Tissue perfusion and oxygenation during CPB
is achieved by adjusting flow rate, temperature,
gas flow, and hemoglobin to maintain oxygen
delivery. Monitoring of the balance between
oxygen supply and demand usually consists of
serial arterial blood gas determination. In 1958,
Clowes and colleagues [6] reported the occur-
rence of metabolic acidosis with base deficit
determination during CPB. In some patients,
early experimental evidence showed the critical
value of high perfusion flow rate and hypother-
mia in preventing lactic acidosis and base
deficit during CPB [6, 8].

Several contributing factors have been linked
to regional tissue hypoperfusion and increased
base deficit during CPB. Recently, at 2.2
l/min.m2 at 37°C, hypoperfusion during
CPB was related to the production of endoge-
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Diagonal segments are produced by ties.

Fig. 1. ROC curve for prediction of postoperative variables and complications.

Transfusion

Inotrope use

ICU stay
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nous vasoactive mediators and a decrease in ar-
terial oxygen content during bypass was pro-
posed as an important event in the generation of
lactate and increased base deficit during an ap-
parently adequate oxygen supply. Extreme he-
modilution, hypothermia, low flow CPB, and
excessive neurohormonal activation have also
been linked to increased base deficit [10]. An
abrupt increase in lactate concentration may re-
sult at the institution of CPB when priming so-
lutions containing lactate are used. However,
several studies comparing different priming so-
lutions have shown that base deficits are lower
than –1 mmol/L, even when lactate is present in
the priming fluid [9,14,15]. An impaired hepat-
ic clearance of lactate during CPB related to a
hypothermia-induced defect in pyruvate me-
tabolism has also been suggested. In the imme-
diate postoperative period, a hypermetabolic
response characterized by increased oxygen
consumption and carbon deficit production has
been shown to occur at CPB [21-23]. Base
deficit measurement usually indicates the need
for volume resuscitation in the acutely injured
patient. However severe base deficit in the ICU
patient is due to perfusion impairment [25]. In
one study [25], the base deficit has been specifi-
cally examined in the pediatric trauma popula-
tion. Base deficit less than –4 meq/L and the
presence of a closed head injury were predic-
tors of mortality. For this group, an admission
base deficit of –8 meq/L corresponded to a
probability of mortality. Significant correla-
tions were found between base deficit and
emergency department systolic blood pressure,
length of stay in the ICU, injury severity score
and deficit value in the immediate postopera-
tive period of coronary surgery with CPB [26].
Ten variables had a statistically significant dif-
ference in univariate analysis (Tables 1,2,3) and
four of them highlighted by linear regression
model, one of which was ICU stay postopera-
tively ( Table 4 ).

Kincaid and colleagues [25] showed that, the
admission value of the arterial base deficit strat-

ifies injury severity, predicts complications and
is correlated with arterial lactate concentration.
In theory, elevated base deficit and lactate con-
centration after shock and hypoperfusion such
as CPB are related to oxygen transport imbal-
ance at the cellular level. Subgroup analysis re-
vealed that patients with a persistently high
base deficit had higher rates of multiple organ
failure compared with patients who achieved a
low base deficit [25]. Patients with a persistent-
ly high base deficit had lower oxygen consump-
tion and a lower oxygen utilization coefficient
and higher lactate level compared with patients
with a low base deficit. They conclude that in
these patients, a high arterial base deficit is as-
sociated with altered oxygen utilization and an
increased risk of multiple organ failure and
mortality. Serial monitoring of base deficit may
be useful in assessing the adequacy of oxygen
transport and resuscitation process. The above
response (high arterial base deficit) may be re-
lated to intraoperative oxygen deficit and may
represent a high risk period for decompensa-
tion. In the present study, patients undergoing
cardiac operation with base deficit of -8 or less
after CPB were older, more likely to be female,
and were at higher risk according to the clinical
study (Table 1). There were weak but signifi-
cant correlations between CPB time and base
deficit of more than -8 meq/L, suggesting that
higher base deficit levels are more likely to oc-
cur with long CPB duration but are dependent
on other preoperative factors (Table 2). Postop-
erative mortality was significantly higher in pa-
tients with high base deficit after CPB. More-
over postoperative complications such as my-
ocardial infarction, hemodynamic stability,
IABP and inotropic drug use were significantly
more frequent in these patients (Table 3). This
group of patients also needed greater hospital
care. Finally, a peaked base deficit of -8 meq/L
or less after CPB was identified as a strong in-
dependent predictor of mortality and morbidity
by linear regression analysis and suggests that
occult tissue hypoperfusion occurred during
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CPB (Table 4). However, further studies are
needed to evaluate the association between
blood gas base deficit and occult oxygen deficit
occurring during CPB. Identification of high
base deficit during CPB should prompt further
evaluation of all potential factors that may
modify oxygen delivery and consumption. Sev-
eral limitations are inherent to the present study.
First, the population studied was heterogeneous
including all the patients undergoing cardiac
operation with CPB during 3 months. The pro-
posed threshold value for base deficit levels dif-
fered from the value for base deficit chosen by
other authors for different clinical situations.
According to receiver under curve analysis
(ROC), the best threshold value of base deficit
for predicting postoperative complications had
a sensitivity and specificity of 65% and 75%,
respectively (Fig. 1).  In conclusion, our data
suggest that a base deficit level of -8 meq/L or
less after CPB is associated with an increased
risk of perioperative mortality and morbidity.
Further studies are needed to determine if serial
blood gas determinations during CPB and inter-
vention based on base deficit value improve
survival in cardiac surgical patients.
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