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ABSTRACT

Background/aim: Acid-base disturbances are common 

in critically ill patients. Some of the most commonly used 

markers of metabolic acidosis are base defi cit and lactate. 

Th e aim of this study was to evaluate the correlation between 

base defi cit and serum lactate and the utility of base defi cit 

in the assessment of serum lactate levels in critically ill pa-

tients on mechanical ventilation.

Methods: Th is study was designed as a retrospective, 

analytical study. We reviewed all arterial gas analyses (base 

defi cit and lactate levels) of patients on mechanical ventila-

tion. Th e correlation between base defi cit and lactate was as-

sessed by calculation of the Pearson correlation coeffi  cient (r) 

and coeffi  cient of determination (R2). Receiver operating char-

acteristic (ROC) curves were created for base defi cit to detect 

the presence of hyperlactatemia. Th e SPSS 12.0 software pack-

age (Chicago, Illinois) was used for statistical analyses.

Results: One hundred forty-two patients participated in the 

study: including survivors (n=68) and non-survivors (n=74). Th e 

mean value of base defi cit was 0.512 ±  6.10 mmol/L, and the 

mean value of serum lactate was 2.04 ± 2.07 mmol/L. Th ere was 

no diff erence in lactate and base defi cit values between the groups 

(p=0.101, p=0.106, respectively). Hyperlactatemia was observed 

in 44 patients (30.98 % ). In ROC curve analysis, the area under 

the curve for base defi cit to detect hyperlactatemia was 0.527.

Conclusion: Th is study indicates that base defi cit is not 

an appropriate marker in the evaluation of real serum lac-

tate values. 
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Metabolic acidosis

SAŽETAK

Uvod/Cilj: Acido-bazni poremećaji su uobičajeni kod 

kritično obolelih pacijenata. Neki od najčešće korišćenih 

markera metaboličke acidoze su bazni defi cit i serumski lak-

tati. Cilj ove studije je bio da se ispita povezanost između 

baznog defi cita i serumskih laktata, kao i korisnost baznog 

defi cita u procenjivanju vrednosti serumskih laktata kod kri-

tično obolelih pacijenata na mehaničkoj ventilaciji.

Metode: Studija je dizajnirana kao retrospektivna, ana-

litička studija. Pregledali smo sve arterijske gasne analize 

pacijenata na mehaničkoj ventilaciji, kojima su određivani 

bazni defi cit i laktati. Korelacija između baznog defi cita i 

laktata procenjivana je pomoću Pearsonovog koefi cijenta 

korelacije (r) i koefi cijenta determinacije (R2). ROC krive 

su konstruisane za bazni defi cit radi procene prisustva hi-

perlaktatemije. Za statističku obradu podataka korišćen je 

SPSS 12.0 (Čikago, Ilinois) softverski paket.

Rezultati: 142 pacijenta, preživeli (n=68) i umrli 

(n=74). Srednja vrednost baznog defi cita bila je 0.512 ± 6.10 

mmol/L; srednja vrednost serumskih laktata bila je 2.04 ± 

2.07 mmol/L. Nije bilo statistički značajne razlike izmeðu 

grupa za laktate i bazni defi cit (p=0.101, p=0.106 redom). 

Hiperlaktatemija je primećena kod 44 pacijenta (30,98%). 

ROC površina ispod krive za bazni defi cit da otkrije hiper-

laktatemiju bila je 0.527.

Zaključak: Ova studija ukazuje da bazni defi cit nije 

adekvatan marker u evaluaciji stvarnih vrednosti serumskih 

laktata.

Ključne reči: Bazni defi cit, Serumski laktati, Kritično 

oboleli, Metabolička acidoza
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INTRODUCTION

Acid-base disturbances are common in critically ill 

patients. Understanding these disorders is of great impor-

tance in intensive care medicine. Early identification and 

correction of acid-base disorders play a major role in the 

treatment of critically ill patients [1]. Some of the most 

commonly used markers of metabolic acidosis are base 

deficit (BD) and lactate [2,3]. 

Calculation of BD is performedcarried out with a blood 

gas analyser using measured PaCO
2
 and pH values as ap-

plied to a standard nomogram, and BD represents the 

number of milliequivalents (mEq) of additional base that 

must be added to a litre of blood to normalise the pH. An 

elevated BD represents the presence of unmeasured ani-

ons and this is usually taken as a surrogate marker of lac-

tic acidosis [4,5]. BD is a sensible and easy tool to disclose 

clinically significant metabolic acidosis [6]. Many authors 

have shown that BD values correlate with the development 

of multiple organ failure and mortality [7,8,9]. Other au-

thors have shown that BD should be used with caution as a 

marker of shock and resuscitation of shock [10].

Metabolic parameters such as lactate are minimally 

invasive measures of systemic oxygen transport. Hypoxia 

and hypoperfusion in critically ill patients leads to lactic 

acid production, with consequent lactic acidosis, which is 

why lactate is often considered as a marker of tissue hy-

poxia [3,10,19]. Additionally, serum lactate levels may be 

elevated as a result of inflammation and increased rates of 

glycolysis caused by stress [3,11]. It has been shown that 

hyperlactatemia (lactate values greater than 2 mmol/L) 

was associated with increased mortality in patients with 

shock, trauma, and sepsis [12,13,14,15,16]. However, many 

hospitals still have blood gas analysers that analyse only 

BD and not lactate (18). Considering that the value of BD 

can be reversed by therapeutic procedures, such as the ad-

ministration of large amounts of saline solution, BD does 

not always correlate with serum lactate levels in critically 

ill patients [10,17]. 

The aim of this study was to evaluate the correlation 

between BD and serum lactate and to determine the utility 

of BD in the assessment of serum lactate levels in critical ill 

patients on mechanical ventilation.

MATERIAL AND METHODS

This study was designed as a retrospective, analytical 

study. It involved a subpopulation of critically ill patients 

on mechanical ventilation that were admitted to the inten-

sive care unit, Clinical Centre Kragujevac, during the peri-

od between January 2012 and October 2012. The intensive 

care unit was equipped with 17 beds, screens for continu-

ous monitoring of vital functions, 10 devices for mechani-

cal ventilation, and one blood gas analyser. The intensive 

care unit is a polyvalent type and, at the same time, is a 

primary place in the hospital for providing medical help in 

the case of polytrauma and especially in the case of neu-

rotrauma after initial treatment in the emergency centere. 

The study was approved by the ethics committee of the 

Clinical Centre Kragujevac. Criteria for including patients 

in the study were the following: patients that needed me-

chanical ventilation and intensive monitoring of vital pa-

rameters (e.g., EKG monitoring, body temperature, and 

arterial blood pressure). It was necessary that arterial gas 

analyses and biochemical analyses were performed on the 

admission date at the intensive care unit. Exclusion crite-

ria were as follows: patients under 18 years of age, patients 

admitted due to poisoning, and patients diagnosed with 

cancer. 

According to outcomes, patients were divided into 

two groups: survivors and non-survivors. To establish the 

mortality rate, all of the patients were monitored during 

a 28-day period from the moment of admission to the in-

tensive care unit. Demographic data, admission diagnosis, 

APACHE II score values within first 48 hours of admis-

sion (Acute Physiology And Chronic Health Evaluation) 

and  treatment outcome (survivor or non-survivor) were 

collected from case histories and discharge notes of pa-

tients involved in the study. Venous blood was collected 

through a cannula introduced for therapy application. Dif-

ferent veins in the forearm were used for blood draws. Ar-

terial blood was sampled from the radial artery. Arterial 

puncture was performed with a syringe and needle (24-

26) which were covered with heparin as anticoagulant. All 

samples were analysed with a gas analyser (GEM Premier 

3000). Biochemical parameters were analysed with a bio-

chemical analyser (Ilab 600) in the laboratory of the Clini-

cal Centre Kragujevac.

Sample size was calculated using the Sample Size 

Correlation Program, based on results obtained from the 

study performed by Chawla in 2010 [17]. An adequate 

sample size to detect an assumed correlation of 0.27 with 

power 1-β=0.8 and error level α=0.05 was calculated as 

83 patients.

Descriptive and analytical statistical methods were 

used in the study. The following descriptive methods were 

used calculation of absolute and relative numbers, central 

trend measures (arithmetic mean and median), and dis-

persion measures (standard deviation [SD]). The follow-

ing analytical methods were used: T-test and Mann-Whit-

ney U test. The correlation between BD and lactate was 

assessed by calculating the Pearson correlation coefficient 

(r) and the coefficient of determination (R2). Receiver op-

erating characteristic (ROC) curves were created for BD 

to detect the presence of hyperlactatemia. The SPSS 12.0 

software package (Chicago, Illinois) was used for statisti-

cal analyses.

RESULTS

There were 142 subjects enrolled in the study including 

(67 men and 75 women). Ninety-one (64.1%) of these patients 
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were admitted to the ICU  after surgery, and 51 (35.9%) pa-

tients were admitted with other urgent medical conditions. 

The APACHE II score on admission to the intensive care unit 

for the entire sample was 16.23 ± 6.44. There was a statistically 

significant difference in APACHE II scores (t=5.802; p<0.001) 

between the groups. Detailed information about average val-

ues and demographic data are given in Table 1. 

N 142

Age (mean, SD) 60.4 ± 16.98

Sex (male) 67 (47.2%)

Reasons for ICU admission:

Postoperative neurosurgical 33 (23.2%)

Postoperative surgical 53 (37.3%)

Polytrauma 11 (7.7%)

Neurological 13 (9.1%)

Respiratory failure 17 (11.9 %)

Sepsis 10 (7.1 %)

Post-cardiac arrest 5 (3.5 %)

Survivors/Non-survivors 68(47.9%)/74(52.1%)

APACHE II (mean, SD) 16.23 ± 6.44

FiO
2
 % (mean, SD) 42.2 ± 12.97

PaO
2
 kPa (mean, SD) 1.77 ± 3.85

PaCO
2
 kPa (mean, SD) 5.98 ± 1.85

Hct (mean, SD) 0.31 ± 0.067

MAP mm Hg (mean, SD) 86.05 ± 34.63

Na+ mmol/L (mean, SD) 140.27 ± 9.07

K+ mmol/L (mean, SD) 3.91 ± 0.81

pH (mean, SD) 7.36 ± 0.103

HCO
3
 mmol/L(mean, SD) 22.34 ± 5.68

BD mmol/L (mean, SD) 0.512 ± 6.10

Lactates mmol/L  2.04 ± 2.07

Hyperlactatemia n (%) 44 (31%)

Albumin g/l (mean, SD) 26.54 ± 6.19

Table 1. Demographic data and average values

APACHE II- Acute Physiology And Chronic Health Evaluation; FiO
2
- 

Fraction of inspired oxygen; PaO
2
- partial pressure of oxygen; PaCO

2
- 

partial pressure of carbon-dioxide; Hct- hematocrit; MAP- mean arterial 

pressure; BD- Base defi cit; HCO
3
- Bicarbonate; SD- Standard deviation.

Figure 1. Boxplot of base defi cit (BD) levels in the survivor and non-

survivor groups.

Figure 2. Boxplot of lactate levels in the survivor and non-survivor groups.

The mean BD value was 0.512 ± 6.10, and the mean se-

rum lactate value was 2.04 ± 2.07. There was no difference in 

lactate levels (U=2115.5; Z=-1.638; p=0.101) and BD values 

(U=2120; Z=-1.617; p=0.106) between the groups. The mean 

BD values and lactate levels in the survivor and non-survivor 

groups are shown in Figures 1 and 2. Of the 142 patients that 

were included in the study, hyperlactatemia was observed in 

BD Lactate pH HCO3

BD            Pearson Correlation
                 Sig. (2-tailed)

0.053
0.532

0.188*
0.025

0.442**
0.000

Lactate    Pearson Correlation
                 Sig. (2-tailed)

0.053
0.532

-0.518**
0.000

-0.396**
0.000

pH            Pearson Correlation
                 Sig. (2-tailed)

0.188*
0.025

-0.518**
0.000

0.549**
0.000

HCO3      Pearson Correlation
                 Sig. (2-tailed)

0.442**
0.000

-0.396**
0.000

0.549**
0.000

Table 2. Correlations

BD- base defi cit; HCO3- bicarbonate; *Correlation is signifi cant at the 0.05 level (2-tailed); **Correlation is signifi cant at the 0.01 level (2-tailed).
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44 patients (30.98 %). The results of Pearson’s correlation be-

tween studied variables are presented in Table 2. The correla-

tion of BD compared with lactate is shown in Figure 3. In the 

ROC curve analysis, the area under the curve for BD to detect 

hyperlactatemia was 0.527 (Figure 4).

DISCUSSION

This study explored the correlation between the two 

most commonly used markers of acid-base disturbances 

in critically ill patients: the value value of BD and serum 

lactate. Metabolic acidosis remains one of the most com-

mon acid-base disorders and often marks the beginning 

of tissue hypoxia and organ hypoperfusion [6, 7, 10, 18 ]. 

Serum lactate levels have been used to detect the presence 

of tissue hypoperfusion and as a prognosticating marker in 

different subgroups of patients [3, 8, 10, 12, 13].

 In the present study, the incidence of hyperlactatemia 

on admission to the intensive care unit was 30.98%, but 

there were no statistically significant differences in lac-

tate and BD levels between the survivor and non-survivor 

groups (p>0.01). In a population of patients that were 

admitted to a surgical intensive care unit, Matthew et 

al. showed that lactic acidosis was present in 41% of the 

patients. In their study, non-survivors had higher lactate 

and BD values than survivors. They also showed that an 

increased BD level had no predictive value if the lactate 

level was normal [19]. In the study conducted by Chawla et 

al., in the group of patients undergoing general anaesthe-

sia, hyperlactatemia was observed in 40% of the patients. It 

was shown that the use of BD can often mislead the clini-

cian as to the actual serum lactate concentration [17].

  However, we found that the ROC area under the curve for 

BD in predicting hyperlactatemia was 0.527, which implies it 

is a very weak tool as a substitute for serum lactate. These re-

sults support the results of other similar studies in which the 

BD was evaluated as a surrogate marker for hyperlactatemia 

in critically ill patients [3, 6, 17, 19]. It should be mentioned 

that this study is the first focused on critically ill patients on 

mechanical ventilation exclusively. Some studies have shown 

that, despite a normal BD and lack of acidosis, significant hy-

perlactatemia and dangerous hypoperfusion states can exist. 

This was explained by the variety of mechanisms underlying 

hyperlactataemia in critically ill patients [12, 18, 20].

Our study had certain limitations. We did not have ac-

curate data about types and amount of fluids that were used 

for resuscitation before admission to the ICU. Addition-

ally, the scope of different diagnoses in this study was very 

heterogeneous. We suggest that future studies dealing with 

this phenomenon should focus on patients with a clearly 

defined diagnosis (e.g., surgical, neurosurgical, neurological 

or internist-determined) and precisely identified type and 

amount of fluids that were used in resuscitation efforts.

In conclusion, we demonstrated that hyperlactatemia 

is a common finding in critically ill patients on mechanical 

ventilation. The aim of any therapy is restitution of global 

tissue hypoxia. A decrease in lactate values to normal lev-

els allows this restitution. As shown in this study, the use 

of BD instead of serum lactate is not desirable. This study 

indicates that BD is not appropriate in the evaluation of 

real values of serum lactate. 
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