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ABSTRACT

Objective: Lactate levels, which provide valuable information about the adequacy of tissue perfu-
sion, are usually measured by blood gas analyzers simultaneously with blood gases. Although 
arterial blood is the “gold standard” for measurement of lactate, the interchangeable use of arte-
rial and venous lactate measurements can avoid increased costs and iatrogenic anemia resulting 
from frequent blood sampling when evaluation of venous blood gas samples are preferred. In this 
study; we aimed to examine the correlation and agreement between the arterial lactate (AL) and 
central venous lactate (CVL) values in patients undergoing on-pump cardiac surgery.
Method: Adult patients who had both arterial and central venous blood gas sampling simultane-
ously in three stages (T1: after anesthesia induction, T2: during cross- clamping, T3: during skin 
closure) of operation as part of anesthetic management were eligible for inclusion in this retro-
spective study. CVL and AL concentrations were estimated during blood gas analysis at stages T1, 
T2 and T3. Spearman Rho and Bland-Altman Tests were used to assess correlation and agreement 
between AL and CVL measurements, respectively.
Results: Totally 366 pairs of blood samples were obtained from 122 eligible patients. The 95% 
limits of agreement were -0.07 to -0.00 at T1; 0.30 to -0.10 at T2 and -0.16 to -0.03 at T3. The 
95% Cls were detected 0.86 to 0.93 (r=0.90 and p<0.0001) at T1;0.95 to 0.97 at T2 (r=0.96 and 
p<0.0001) and 0.92 to 0.96 (r=0.94 and p<0.0001) at T3.
Conclusion: Although sampling from arterial lactate can be considered as the “gold standard” for 
lactate measurement, sampling from central venous blood is an acceptable alternative for lactate 
measurement in on-pump cardiac surgery patients.
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ÖZ

Amaç: Doku perfüzyonunun yeterliliği için önemli bilgi veren laktat düzeyleri, genellikle kan gaz-
larıyla birlikte kan gazı cihazları tarafından ölçülür. Her ne kadar arteriyel kan, laktat ölçümü için 
“altın standart” olsa da, arteryel ve venöz laktat ölçümlerinin birbirinin yerine kullanılabilmesi, 
venöz kan gazı değerlendirmesinin tercih edildiği durumlarda, sık kan örneklemesinin neden ola-
bileceği artmış maliyet ve iatrojenik anemiye engel olabilir. Bu çalışmada amacımız; on-pump 
kardiyak cerrahide arteryel (AL) ve santral venöz laktat (CVL) değerleri arasındaki korelasyon ve 
uyumu incelemektir.
Yöntem: Anestezik yönetim dahilinde, T1: anestezi indüksiyonu sonrası, T2: kros klemp sırasında 
ve T3: cilt kapatılırken olmak üzere üç aşamada eşzamanlı olarak arteryel ve venöz kan örnekleri 
olan yetişkin hastalar, bu retrospektif gözlemsel çalışmaya dahil edildi. CVL ve AL konsantrasyon-
ları, T1, T2 ve T3 aşamalarındaki kan gazı analizinden elde edildi. Spearman Rho and Bland-Altman 
Testleri, AL ve CVL arasındaki sırasıyla korelasyon ve uyumu değerlendirmek için kullanıldı.
Bulgular: Toplamda 122 uygun hastadan 366 çift kan örneği elde edildi. 95% güven aralıkları 
sırasıyla; T1’de -0.07 ve -0.00, T2’de 0.30 ve -0.10 ve T3’de -0.16 ve -0.03’tü. 95% CI ise T1’de 0.86 
ve 0.93 (r=0.90 ve p<0.0001); T2’de 0.95 ve 0.97 (r=0.96 ve p<0.0001) ve T3’de 0.92 to 0.96 
(r=0.94 and p<.0001) olarak saptandı. 
Sonuç: Her ne kadar laktat ölçümünün arteryel kandan örneklenmesi “altın standart” olarak 
kabul edilse de, on-pump kalp cerrahisi hastalarında santral venöz kandan örnekleme de kabul 
edilebilir bir alternatif olabilir.
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INTRODUCTION

Lactate is the metabolic end product of anaerobic 
glycolysis and consequently measurements of blood 
lactate levels provide important information on the 
adequacy of tissue perfusion (1). Especially trend of 
lactate levels has been used to detect global tissue 
hypoxia, most notably in the assessment and moni-
toring of critically ill and trauma patients (2). In the 
setting of cardiac surgery, extracorporeal circulation 
also increases blood lactate levels by inducing tissue 
hypoperfusion and impairing the balance between 
tissue O2 demand and supply (3). Therefore especially 
serial lactate measurements may also be valuable in 
cardiac surgery for detecting tissue oxygenation 
problems, predicting complications and applying 
preventive strategies (4,5).
	
Arterial blood is the ”gold standard” for measure-
ment of lactate, because it represents mixed venous 
blood which also can be considered to represent the 
sum of all sources of tissue lactate production (2). The 
blood gas analyzers simultaneously measure lactate 
and blood gases usually in the same arterial blood 
sample. On the other hand, venous blood gas samp-
ling is increasingly replacing arterial one in internati-
onal practice in the last years (1). Therefore if one 
choses to measure blood gases by venous blood 
sampling during cardiac anesthesia at any time 
point, the validity of using venous blood in lieu of 
arterial blood for lactate measurement gains impor-
tance, especially to avoid increased costs and iatro-
genic anemia resulting from frequent blood samp-
ling. On the other hand; although invasive arterial 
line insertion seems essential especially for continu-
ous arterial pressure monitoring during cardiac sur-
gery today, noninvasive continuous arterial pressure 
monitoring devices are under development and may 
replace invasive arterial monitoring in selected cases 
in the future (6,7). Therefore central venous line inser-
tion may be adequate for blood gas and lactate eva-
luation with noninvasive continuous arterial pressu-
re monitoring devices.

Some published reports suggest that venous and 
arterial lactate measurements can be used inter-
changeably in pediatric, critically ill and emergency 
department patients (8-11). The aim of our present 
retrospective study was to evaluate if central venous 

blood is an acceptable alternative sample for lactate 
measurement in on-pump cardiac surgery patients.

MATERIAL and METHODS

We performed this retrospective study at an educati-
on and research hospital. This was a study performed 
with cardiovascular surgery operating room patients 
over the course of one year between January 2018 
and December 2018 inclusive. Institutional ethical 
approval was obtained. A computer search for all 
on-pump valvular heart and coronary artery bypass 
grafting (CABG) patients was conducted. Adult pati-
ents who had both arterial and central venous blood 
gas sampling simultaneously in three steps (T1: after 
anesthesia induction, T2: during cross- clamping, at 
30-32°C, T3: during skin closure) of operation as part 
of anesthetic management were eligible for inclusion 
in the study. Obtaining both arterial and central veno-
us samples for blood gas analysis was the routine 
procedure of an anesthesiology team in our hospital, 
during this time period. Acute surgical patients, pati-
ents aged <18 or >75 years with any hepatic disease, 
ASA physical status III-IV, those using inotropic or 
cardiac mechanical support, and whose surgery was 
anticipated to last more than >5 hours were excluded 
from the study. 
	
All surgeries were performed under general anaest-
hesia with cardiopulmonary bypass (CPB) by the 
same team of anesthesiologists. Patients’ radial or 
brachial artery was cannulated for blood sampling 
and invasive blood pressure monitorization was per-
formed before anesthesia induction. Anesthesia was 
induced with midazolam, propofol, fentanyl and 
rocuronium and maintained with sevoflurane, mida-
zolam, rocuronium and fentanyl. The internal jugular 
vein was also cannulated for blood sampling, central 
venous pressure monitorization, intravenous infusi-
ons and injections after anaesthesia induction and 
endotracheal intubation. Arterial and central venous 
blood gas samples were simultaneously obtained 
from patients’ radial or brachial arteries and internal 
jugular veins, respectively at three steps (T1: after 
anesthesia induction, T2:during cross- clamping at 
30-32°C, T3: during skin closure). There were no fluid 
administration between venous and arterial blood 
sampling. Central venous and arterial lactate con-
centrations estimated during blood gas analysis at 
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T1, T2 and T3 and were recorded. Samples were 
drawn into self-prepared heparinized syringes and 
analyzed on a Radiometer ABL800 FLEX (Radiometer, 
Copenhagen, Denmark) which is a point- of- care 
blood gas analyzer requiring 1.5 mL of whole blood.

Statistical analysis	
Statistical analyses were done by Statistical Package 
for Social Sciences 20.0 and MedCalcver 16.4.3 soft-
ware programmes. The continuous variables were 
displayed as mean and standard deviation. After the 
initial statistical analysis with the Kolmogorov-
Smirnov test; since the data did not exhibit a normal 
distribution, non- parametric tests were chosen. The 
correlation between arterial lactate (AL) and central 
venous lactate (CVL) levels was assessed through 
Spearman rank correlation coefficient. Also data 
were graphically displayed on Bland-Altman plots. 
Mean difference with 95% limits of agreement were 
calculated and graphically represented using bias 
plots. All statistical analyses were 2 tailed and p<0.05 
was required to determine statistical significance.

RESULTS
	
A total of 122 eligible patients were included. The 
mean age was 59.1±9.9 years. There were 89 (73%) 

male, 33 female (27%) patients. The operations per-
formed were CABG (n=99) and valve surgery (n=23). 
The mean operation duration was 258.1±43.1 min, 
CPB was 93.8±24.6 min and the aortic cross-clamp 
time was 64.7±22.2 min. Totally 366 pairs (arterial 
and central venous pairs) of blood samples were 
obtained from 122 patients who met the inclusion 
criteria. Patient characteristics and operative variab-
les are summarized in Table I. Mean AL and CVL 
values, the differences, 95% limits of agreement, 
coefficient of repeatability, 95% CI and Spearman 

Table II. Lactate values (mmol L-1) measured after anesthesia induction (T1), during cross clamp (T2) and during skin closure (T3); correlation, 
limits of agreement and coefficient of repeatibility between arterial and venous lactate measurements at these three time points

Sampling 
times

T1
T2
T3

AL
(mean± std dev.)

1.06±0.48
2.27±0.77
2.34±1.18

Table I. Patient characteristics and operative variables

Gender; Male/Female (n)
Age (years)
Type of operation (CABG/Valve surgery)
Body surface area (m2)
Comorbidities 

HT (n)
DM (n)
Other (n)

Operation duration (min)
CPB duration (min)
Cross clamp duration (min)
Postoperative complications

Major adverse cardiac events (n)
Respiratory complications (n)
Surgical revision (n)
Mortality (n)

89/33
59.1±9.9

99/23
1.83±0.4

57
12
28

258.1±43.1
93.8±24.6
64.7±22.2

5 (4%)
3 (2%)

2 (1.6%)
3 (2%)

VL
(mean±std dev.)

1.10±0.5
2.47±0.93
2.43±1.21

Difference

0.04±0.2
0.20±0.54
0.09±0.37

95% limits of 
agreement

-0.07 to -0.00
0.30 to -0.10
-0.16 to -0.03

Coefficient of 
Repeatability

0.39
1.14
0.73

Spearman rank 
correlation 

coefficient(r)

0.902
0.963
0.943

95% CI

0.863 to 0.931
0.947 to 0.974
0.919 to 0.960

p*

p<0.001
p<0.001
p<0.001

Figure 1. Bland-Altman plot of arterial and central venous lactate 
at T1 (after anesthesia induction) 

Figure 2. Bland-Altman plot of arterial and central venous lactate 
at T2 (during cross clamp) 
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rank correlation coefficients are given in Table II. 
95% limits of agreements were -0.07 to -0.00 at T1; 
0.30 to -0.10 at T2 and -0.16 to -0.03 at T3. The 95% 
CIs were 0.86 to 0.93 (r=0.90 and p<0.0001) at T1; 
0.95 to 0.97 at T2 (r=0.96 and p<0.0001) and 0.92 to 
0.96 (r=0.94 and p<0.0001) at T3. The Bland-Altman 
plots are presented in Figure 1-3. Agreement betwe-
en arterial and venous samples was good at all 
sampling times with narrow 95% limits of agree-
ment. Strong correlations were found between CVL 
and AL at all time points. 

DISCUSSION

The aim of this study was to examine the correlation 
and agreement between the AL and CVL in patients 
undergoing CABG. The study findings showed a good 
agreement and correlation between lactate concent-
rations in central venous and arterial blood samples.
	
Lactate levels are useful markers of hypoperfusion 
and even in those patients considered hemodynami-
cally stable, and the mortality rates are significantly 
higher in patients with hyperlactatemia (12). Elevation 
of arterial lactate levels can be useful for detecting 
occult tissue hypoperfusion before clinical signs of 
organ dysfunction become manifest (12,13). During 
cardiac surgery; peaks in lactate levels can be obser-
ved during or soon after the initiation of CPB. Cardiac 
surgery patients who have intraoperative hyperlac-
tatemia have higher postoperative mortality rates 
than those with a normal lactate profile (14). As a 
result lactate measurements are valuable especially 
in on-pump cardiac surgery. 

The blood samples obtained using central venous 
catheters reflects only the blood lactate levels in the 
vessels of the upper part of the body. Since mixed 
venous blood is the mixture of superior vena cava 
and inferior vena cava blood; it can be accepted as a 
summary of the last blood sample in contact with 
the tissues at the microcirculatory level and repre-
sentative of the the sum of whole body’s lactate 
production. But mixed venous blood samples can 
only be obtained by pulmonary artery catheterizati-
on, which is a costly and risky practice (15). Besides of 
this, arterial blood samples were used in the early 
studies about clinical utility of lactate and so, refe-
rence range of lactate was first established using 
arterial blood samples (16,17). Therefore arterial lacta-
te is accepted as the gold standard for lactate mea-
surement based on the consideration that arterial 
blood is the derivative of mixed venous blood. 
	
Considering the lactate concentration gradient from 
superior vena cava to a peripheral artery with the 
streaming of blood, the relationship between lactate 
levels at different points of this stream are investiga-
ted in specific patient populations by researchers. 
The agreement between arterial lactate and mixed 
venous lactate levels was first reported by Murdoch 
et al. (8) in 1994. But some authors have reported 
that lactate levels in mixed venous blood is not 
exactly equal to arterial lactate levels because of 
lactate production by the lungs during ARDS or acute 
lung injury (18,19). Benjelid et al. (19) reported that follo-
wing CPB the lungs release lactate into the systemic 
circulation. De Backer et al. (18) demonstrated that 
lung lactate production occurs in patients with acute 
lung injury. 
	
Several authors reported a good correlation betwe-
en arterial and central or mixed venous blood lactate 
concentrations with varying agreements, among cri-
tically ill patients (8,11,16,20). Weil et al. (16) reported that 
the lactate concentrations in both central venous 
and pulmonary artery blood samples obtained from 
critically ill patients are the same as their arterial 
lactate concentrations. Reminiac et al. (11) concludes 
that CVL concentration is similar to AL concentration 
in critically ill patients with circulatory and/or respi-
ratory failure and many critically ill patients can be 
managed without systematic arterial cannulation 
after further prospective and comperative studies.

Figure 3. Bland-Altman plot of arterial and central venous lactate 
at T3 (during the skin closure) 
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To our knowledge, our study is the first to estimate 
the correlation and level of agreement between 
arterial and central venous blood measurement of 
lactate during cardiac surgery. The studies about the 
agreement and correlation between arterial and 
venous lactate values generally aims to decrease the 
need for arterial cannulation or puncture, in situati-
ons which venous blood gas measurements also can 
replace or are even preferred to arterial blood gas 
measurements. Although insertion of an arterial line 
seems essential for intermittent arterial blood gas 
sampling and continuous invasive arterial pressure 
monitoring in cardiac surgery; the agreement betwe-
en arterial and central venous blood lactate concent-
rations may decrease frequency of blood sampling. 
During cardiac surgery, in clinical situations which 
central venous blood gases are preffered for evalua-
tion, based on the fact that the blood gas analyzers 
simultaneously measure lactate and blood gases in 
the same blood sample, there will be no need to 
obtain arterial blood sample for lactate measure-
ment. On the other hand there is a trend towards 
more noninvasive monitoring techniques and conti-
nuous noninvasive blood pressure monitoring 
systems are under development for even high risk 
surgeries (6,7). Central venous blood gas sampling and 
continuous noninvasive blood pressure monitoring 
systems may reduce the need of arterial line inserti-
on in the selected patients of cardiac surgery in the 
future.

The agreement and correlation between AL and CVL 
after anesthesia induction are maintained at a good 
level during the CPB. The blood is drained from the 
right side of the heart and returns to the systemic 
circulation through the aorta in CPB which does not 
affect the relationship between the AL and CVL. In 
fact, the best correlation was obtained during CPB, 
probably with the exclusion of lung circulation, beca-
use lactate production from the lung may become 
clinically evident in disease states (21). But the diffe-
rence between the AL and CVL during CPB was the 
highest at all time points, indicating an increased 
release of lactate from the upper part of the body. 
The AL measured at the end of the operation is the 
highest lactate value, probably because of the incre-
ased release of lactate from the whole body which is 
a result of anaerobic metabolism shift during the 
surgery and CPB period. As a result CVL and AL agree 

sufficiently well, at three different stages of on-pump 
cardiac surgery, for them to be considered interchan-
geable.
	
There are certain limitations of this study that should 
be noted. It has a rather homogeneous sample of 
cardiac surgery patients with stable operation period 
during which the highest lactate values do not exce-
ed 4 mmol L-1. Although the analysis of Reminiac et 
al. (11) shows that irrespective of the lactate concent-
ration, CVL is sufficiently close to arterial lactate for 
the two values to be considered clinically interchan-
geable in critically ill patients, an extended study is 
required for cardiac surgery patients who develop 
higher blood concentrations of lactate. 
	
In summary; venous blood gases are reliable and 
contain considerable information about the patient’s 
metabolic, respiratory and circulatory condition (22). 
If one chooses to measure central venous blood 
gases at any time point of on-pump cardiac surgery, 
the lactate values in this venous blood sample simul-
taneously measured by blood gas machines can 
replace arterial lactate measurement, which is accep-
ted as “gold standard”. It is known that frequent 
blood sampling both leads to iatrogenic anemia and 
increased costs. Therefore the interchangeable use 
of AL and CVL in cardiac surgery can help to reduce 
frequency of blood sampling resulting in less iatroge-
nic anemia and decreased costs.
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