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Abstract
Arterial blood gas (ABG) analysis is an essential tool in the clinical assessment of acutely ill patients. Venous to arterial 
conversion (v-TAC), a mathematical method, has been developed recently to convert peripheral venous blood gas (VBG) 
values to arterialized VBG (aVBG) values. The aim of this study was to test the validity of aVBG compared to ABG in an 
emergency department (ED) setting. Twenty ED patients were included in this study. ABG and three aVBG samples were 
collected from each patient. The aVBG samples were processed in three different ways to investigate appropriate sample 
handling. All VBG samples were arterialized using the v-TAC method. ABG and aVBG samples were compared using Lin’s 
concordance correlation coefficient (CCC), Bland–Altman plots and misclassification analysis. Clinical acceptable thresh-
old of aVBG value deviance from ABG values were ± 0.05 pH units, ± 0.88 kPa pCO2 and ± 0.88 kPa pO2. CCC revealed 
an agreement in pH and pCO2 parameters for both aVBG in comparison to ABG. In all aVBG samples, an overestimation 
of pO2 compared to ABG was observed. Bland–Altman plot revealed clinically acceptable mean difference and limits-of-
agreement intervals between ABG and aVBG pH and pCO2, but not between ABG and aVBG pO2. Arterialization of VBG 
using v-TAC is a valid method for measuring pH and pCO2, but not for pO2. Larger clinical studies are required to evaluate 
the applicability of v-TAC in different patient subpopulations.
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1  Introduction

Arterial blood gas (ABG) analysis is essential in assessment 
of respiratory and metabolic status in acutely ill patients. In 
comparison to peripheral venous blood sampling, the ABG 

sampling procedure is more painful for the patient and tech-
nically more challenging for the clinician to perform [1, 2]. 
Other drawbacks of ABG sampling include adverse events 
such as subcutaneous hematoma, arterial thrombosis, and 
the serious, though rare, complication pseudoaneurysms [3, 
4].

Peripheral venous blood gas (VBG) sampling has been 
suggested as an alternative to the ABG procedure. This pro-
cedure causes less patient discomfort and the sample can 
be analysed in combination with other venous blood tests 
[5]. A recent systematic review comparing ABG and VBG 
in the emergency department (ED) have revealed that pH 
and bicarbonate show reasonable agreement with mean 
difference − 0.033 pH units and 1.03 mmol/l bicarbonate, 
respectively. Limits-of-agreement was − 0.13 to 0.10 for pH 
and − 6.24 mmol/l to 10.00 mmol/l for bicarbonate. pCO2 
showed mean difference of 4.41 mmHg and wide limits-of-
agreement of − 20.40 to 25.8 mmHg. Authors concluded that 
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venous and arterial pH and bicarbonate agree acceptable, but 
arteriovenous agreement of pCO2 was poor [6].

However, a new method has been developed to calculate 
ABG values mathematically from peripheral venous blood 
by use of venous to arterial conversion (v-TAC) software 
(Obimedical, Denmark), supplemented with oxygen satura-
tion measurement by pulse oximetry [7]. The principle of 
the method is a mathematical transformation of VBG values 
to arterialized values (aVBG) by simulating the transport of 
blood back through the tissue. The authors made assump-
tions; Firstly, the peripheral limb must be well perfused with 
normal capillary response and temperature. Secondly, the 
respiratory quotient [RQ, i.e. rate of CO2 production (VCO2) 
and O2 utilisation (VO2)] must not vary beyond the range 
of 0.7–1.0.

Earlier testing of the v-TAC method in an ED setting has 
shown acceptable congruence levels between arterial and 
mathematically arterialized pH and pCO2 with only minor 
differences (± 2 × SD) − 0.001 (± 0.024) and 0.00 (± 0.46) 
kPa, respectively. However, inaccurate values of pO2 were 
observed when oxygen saturation measured by pulse oxi-
metry was above 96%, due to the flat shape of the oxygen 
dissociation curve (ODC) at higher oxygen saturation [8].

The aim of this study was to evaluate the validity of the 
v-TAC method in an acute medical emergency setting and 
test appropriate practical handling of VBG samples.

2 � Methods

2.1 � Patient inclusion

The study was conducted in the ED at the North Denmark 
Regional Hospital from September through October 2015. 
Circulatory stable patients needing ABG analysis for clini-
cal respiratory and metabolic assessment were selected 
randomly for participation in the study. A total of 30 adult 
patients were included; 10 patients for a methodological pre-
study and then 20 patients for the following validation study 
and test of different blood samples procedures. Allocation 
was performed by simple quasi-random algorithm in order 
of admission. The clinical decision for performance of ABG 
analysis was made on discretion by the attending physician 
in the ED upon patient admission and based on national 
guidelines [9].

2.2 � Blood collection

All VBG samples were collected by a biomedical laboratory 
technician in conjunction with routine venous blood sam-
pling in the methodological pre-study. VBG was collected 
in the 4.5 ml tube as opposed to the arterial blood 2.0 ml 
syringe as a three-way stopcock would have to be coupled 

with the venous blood sampling kits, but we found this 
inconvenient in our hospital setting. Furthermore, biomedi-
cal laboratory technicians were at risk of accidental needle 
injury if a syringe was coupled directly over the sampling 
kit needle. For that reason, we conducted this methodologi-
cal pre-study to compare VBG samples in paired 2.0 ml and 
ABG syringes.

2.3 � Blood sample handling

In the validation study paired ABG and VBG samples were 
collected simultaneously from each of the 20 patients. Blood 
for VBG analysis was collected by the laboratory techni-
cian in three 4.5 ml tubes and converted to arterialised VBG 
(referred to as aVBG). ABG samples were collected by the 
attending physician. Each aVBG tube was processed differ-
ently as follows: aVBG1 was held steady and analysed within 
5 min of sample collection, aVBG2 was tilted in 5 min and 
analysed after 7 min and aVBG3 was handled as aVBG1 but 
analysed after 15 min. ABG samples were analysed within 
5 min after sampling.

2.4 � Blood analysis

All ABG and VBG samples were analysed with ABL800 
blood gas analyser (Radiometer, Denmark) an VBG sam-
ples were converted mathematically to aVBG using v-TAC 
software integrated into the ABL800. Figure 1 show calcu-
lations of the v-TAC simulation in five steps (A–E) [7]. On 
the standard of care basis, only the ABG results were used 
as the usual standard reference in the medical evaluation 
of the patients. Normal reference ranges of study variables 
were as follows pH, 7.35–7.45, pCO2, 4.26–6.38 kPa and 
pO2, 10.6–13.3 kPa, respectively [10].

2.5 � Threshold values

In this present study, clinically acceptable thresholds 
between ABG and aVBG values were determined as ± 0.05 
for pH, and ± 0.88 kPa for both pCO2 and pO2. Conse-
quently, clinically acceptable intervals of calculated arterial 
values were determined to be 0.1 pH units and 1.76 kPa for 
both pCO2 and pO2 compared to ABG values. Acceptable 
rate of misclassification was set to 5% as in a similar study 
[11]. Extreme-to-extreme misclassification was not allowed.

2.6 � Sample size

A previous study on the v-TAC method reported mean dif-
ference (± 2 × SD) of − 0.001± 0.024 and − 0.00 ± 0.46 kPa 
between calculated arterial and ABG pH and pCO2, respec-
tively [8]. With the predetermined clinical acceptable thresh-
old of calculated arterial pH ± 0.05 and pCO2 ± 0.88 kPa, 
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the requires study sample size (alpha level 0.005 and 80% 
power) was estimated to 11 paired samples with pH as refer-
ence and 14 paired samples with pCO2 as reference using 
MedCalc v18.6 (MedCalc Software bvba) sample size calcu-
lator for agreement studies. If power was increased to 90%, 
13 and 16 paired samples, respectively, were sufficient using 
pH and pCO2 as reference. Because, SD of pO2 was missing 
in the study [8], a sufficient sample size could, therefore, not 
be calculated with pO2 as reference.

2.7 � Statistics

Assessment of agreement between sample collection 
methods, and between ABG and aVBG values, were con-
ducted using Bland–Altman’s analysis, Pearson’s correla-
tion coefficient (PCC), and Lin’s concordance correlation 
coefficient (CCC). Strength of agreement was assessed by 
calculating tolerability interval ratio, which is the actual 

limits-of-agreement interval in this study expressed as 
the proportion of the clinically acceptable interval [12]. 
Additionally, rate of misclassification and rate of extreme-
to-extreme misclassification is calculated for individual 
sample pairs with ABG values as gold standard [12]. Sta-
tistical analysis was conducted using Stata 13 SE (Stata-
Corp, College Station).

2.8 � Ethics and data protection

This study was approved by the Danish Data Protection 
Agency. The Danish Research Ethics Committee in the 
North Denmark Region was notified about the study. Since 
the v-TAC method has previously been approved in clini-
cal research and blood sampling was performed as routine 
practice based on clinical indication, ethical approval was 
not required.

Fig. 1   Calculation of arterial acid–base and oxygen values from VBG 
using v-TAC. Step A an anaerobic venous blood sample is collected 
and pHv, pCO2,v, SO2,v, pO2,v, haemoglobin (Hbv), methaemoglobin 
(MetHbv), and carboxyhaemoglobin (COHbv) are measured. Step 
B measured values are used to calculate total CO2 concentration 
(tCO2,v), total O2 concentration (tO2,v) and 2,3-diphosphoglycer-
ate concentration (DPGv) in venous blood. Base excess is estimated 
independently of O2 levels by calculating the total concentration of 
plasma non-bicarbonate buffer (tNBBp,v) and combining the concen-
tration with pHv. Step C variables tCO2,v, tO2,v, Hbv, BEv, DPGv and 
tNBBp,v are used to estimate the respective variables in arterial blood. 
It is assumed that Hb, tNBBp and DPG concentrations are the same 
in arterial and venous blood. Calculations of arterial O2 and CO2 is 

then performed by simulating addition of a difference in O2 concen-
tration (ΔO2), to the venous pO2 measurement and removing a differ-
ence in concentration of CO2 (ΔCO2) from pCO2 in the venous blood. 
Step D calculated values of arterialised blood tCO2,a, tO2,a, Hbv, BEa, 
tNBBp,a and DPGa are used to estimate pHa, pCO2,a, pO2,a and SO2,a. 
Step E calculated SO2,a is compared with measured pulse oximeter 
(SpO2), the difference between the two gives an error = SO2,a–SpO2. 
By repeating steps C–E, a value of ΔO2 is found for which the error is 
zero. Multiplying the respiratory quotient (RQ) with ΔO2, the concen-
tration of CO2 removed is calculated. Thus calculated values of pHa, 
pCO2,a, pO2,a and SO2,a should be equal to measured arterial values. 
Reproduced with permission from publisher [7]
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3 � Results

3.1 � Methodological pre‑study

Median age of the ten patients in the methodological pre-
study was 56 years (range 26–86). Comparison of paired 
VBG samples collected in 2 ml syringes and 4.5 ml tubes 
displayed close correlation with mean difference (SD) of pH 
and pCO2 was on 0.01 (0.01) pH units and − 0.02 (0.27) kPa, 
respectively, and CCC values was 0.925 and 0.943 (Table 1). 
However, pO2 displayed poor agreement between the two 
sampling containers with a mean difference (SD) pO2 value 
of − 0.57 (1.10) kPa and CCC value on 0.660 because mean 
pO2 (SD) was higher in the tube, 4.74 (1.66) kPa, compared 
to the syringe, 4.18 (1.22) kPa.

3.2 � The validation study

Median age of the 20 patients was 66  years (range 
36–96 years). All patients were circulatory stable and none 
suffered from severe respiratory failure. Patient characteris-
tics are presented in Table 2. Comparison analysis between 
ABG and aVBG samples are summarised in Table 3. The 
CCC displayed good agreement between pH and pCO2 in all 
comparison of ABG and aVBG, except between ABG and 
aVBG2 pCO2, where a CCC value of 0.639 displayed weak 
agreement. Overestimation of pO2 in aVBG samples resulted 
in a higher mean difference (SD) − 0.97 (1.32) kPa, − 1.25 
(1.73) kPa and − 1.00 (1.34) kPa in the three aVBG samples 
compared to ABG. Therefore, CCC analysis displayed poor 
agreement values of 0.720, 0.652 and 0.716 between ABG 
and aVBG1+2+3 pO2.

3.3 � Bland and Altman analysis

Bland and Altman plots are presented in Fig.  2. The 
Bland–Altman findings were in accordance with the 
CCC findings in the validation study. Mean pH difference 
between ABG and aVBG1 and between ABG and aVBG3 
was within predefined threshold values. Mean difference 
between all aVBG2 pH samples and ABG pH samples was 
within acceptable threshold range. Similar tendencies were 

observed when comparing pCO2 results. Mean difference 
in pCO2 was within predefined acceptable threshold range 
in overall comparison between all ABG and aVBG pCO2 
values (Table 2), but at an individual patient level, three 
aVBG2 pCO2 samples were above threshold values, hence 
rate of misclassification was 15%. Mean difference of pO2 
between ABG and all aVBG samples was unacceptably 
above predefined thresholds regardless of sample handling 
procedure. This was caused by overestimation of pO2 in a 

Table 1   Comparison of blood 
gas sampling in 2 ml ABG 
syringe and 4.5 ml tube in the 
pre-study patients (n = 10)

Comparison of sample containers in group A: CCC​ Lin’s concordance correlation coefficient, 95% CI 95% 
confidence interval of CCC, r Pearson’s correlation coefficient, Cb bias-correction factor, kPa kilopascal

Parameters ABG syringe
Mean (SD)

Tube
Mean (SD)

Mean difference
(SD)

Concordance correlation analysis

CCC​ 95% CI r Cb

pH 7.39 (0.04) 7.39 (0.03) 0.01 (0.01) 0.925 0.838–1.013 0.949 0.975
pCO2 (kPa) 5.90 (0.82) 5.91 (0.75) − 0.02 (0.27) 0.943 0.869–1.017 0.947 0.996
pO2 (kPa) 4.18 (1.22) 4.74 (1.66) − 0.57 (1.10) 0.660 0.326–0.994 0.750 0.880

Table 2   Characteristics of patients in the validation study

Patient characteristics and comorbidities in the validation study
COPD chronic obstructive pulmonary disease, IHD ischemic heart 
disease

Patient parameters n (%)

Age (year)
 ≤ 64 5 (25)
 65–74 6 (30)
 ≥ 75 9 (45)

Sex
 Female 8 (40)
 Male 12 (60)

Cause of admission
 COPD exacerbation 6 (30)
 Pneumonia 3 (15)
 Suspected abdominal ischemia 3 (15)
 Dehydration 3 (15)
 Cor pulmonale 2 (10)
 Diabetic ketoacidosis 1 (5)
 Dysregulated diabetes mellitus 1 (5)
 Bleeding haemorrhoid 1 (5)

Comorbidities
 COPD 8 (40)
 Heart failure 5 (25)
 Essential hypertension 4 (20)
 IHD 2 (10)
 Arterial fibrillation 2 (10)
 Diabetes mellitus 2 (10)
 Myxoedema 1 (5)
 Small cell carcinoma 1 (5)
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majority of the aVBG1 (n = 12), aVBG2 (n = 12) and aVBG3 
(n = 11) samples.

3.4 � Tolerability interval ratio

The strength of limits-of-agreement expressed as the toler-
ability interval ratio was 0.65, 0.77 and 0.64, respectively, in 
pH between ABG and all three aVBG1+2+3 samples. Being 
less than one in each single comparison, it can be concluded 
that the limits-of-agreement interval is sufficiently narrow 
for pH as to assure correct assessment of patients’ blood 
gas values when using v-TAC. Likewise, tolerability interval 
ratio in pCO2 between ABG and all three aVBG1+2+3 sam-
ples was 0.48, 0.63 and 0.53. However, tolerability interval 
ratios for pO2 agreement was 2.94, 3.84 and 2.97 between 
ABG and aVBG1, ABG and aVBG2 and ABG and aVBG3, 
respectively, which is above two and therefore unacceptable.

3.5 � Misclassification

Rate of misclassification was zero comparing pH in the 
aVBG1 and ABG, and aVBG3 and ABG sample pairs. The 
aVBG2 versus ABG pH rate of misclassification was 10% 
(2/20). Similar tendencies were observed comparing pCO2, 
with aVBG1 versus ABG, and aVBG3 versus ABG rate of 
misclassification of zero, but 15% (3/20) in aVBG2 versus 
ABG pCO2. Rate of misclassification was 60% (12/20), 60% 
(12/20) and 55% (11/20) between ABG versus aVBG1+2+3 
pO2, respectively.

No extreme-to-extreme misclassification occurred com-
paring aVBG versus ABG in pH and pCO2. Extreme-to-
extreme misclassification was 25% (5/20), 25% (5/20) and 

25% (5/20) between ABG and aVBG1+2+3 pO2 values, 
respectively.

4 � Discussion

This study has shown that the v-TAC method delivers clini-
cally valid information on pH and pCO2 in patients admitted 
to the ED. Bland and Altman differences were within prede-
fined clinical acceptable threshold ranges for pH and pCO2 
between ABG and aVBG sample pairs. Analogously, toler-
ability interval ratios were below one between all ABG and 
aVBG comparison in the parameters pH and pCO2, hence it 
can be concluded that the limits-of-agreement interval was 
sufficiently narrow for the two parameters in all aVBG and 
ABG sample pairs as to assure correct assessment and treat-
ment of patients when using v-TAC in daily clinical practice. 
Difference between ABG and calculated aVBG pO2, how-
ever, was outside predefined threshold ranges in all sampled 
pairs. Moreover, tolerability interval ratio showed unac-
ceptable broad limits-of-agreement and a rate of extreme-
to-extreme misclassifications as high as 25%. Reliable 
acid–base and blood gas values are important for correct 
patient treatment in the ED setting, thus extreme-to-extreme 
misclassification was not allowed. Extreme-to-extreme mis-
classification could result in undertreatment of patients with 
severely abnormal acid–base or blood gas values.

As also observed in this study, research team behind the 
v-TAC method found high levels of pO2 in aVBG samples 
compared to ABG, but argued that the poor agreement is 
due to the flat shape of the ODC close to 100% blood oxy-
gen saturation level [7]. Even minor changes in blood O2 

Table 3   Comparison of ABG 
and arterialized VBG values 
in the validation study patients 
(n = 20)

Comparison analysis of ABG and aVBG in group B
ABG arterial blood gas, aVBG arterialised venous blood gas, CCC​ Lin’s concordance correlation coeffi-
cient, 95% CI 95% confidence interval of CCC, r Pearson’s correlation coefficient, Cb bias-correction fac-
tor, kPa kilopascal
a aVBG analysed within 5 min after sampling
b aVBG tilted in 5 min and analysed after 7 min
c aVBG held steady and analysed after 15 min

Parameters ABG
Mean (SD)

aVBG
Mean (SD)

Mean difference (SD) Concordance correlation analysis

CCC​ 95% CI r Cb

pH 7.42 (0.05) 7.42 (0.05)a 0.00 (0.02)a 0.939a 0.885–0.994a 0.941a 0.998a

7.39 (0.04)b 0.03 (0.02)b 0.744b 0.590–0.899b 0.918b 0.811b

7.42 (0.05)c 0.00 (0.02)c 0.942c 0.891–0.994c 0.942c 1.000c

pCO2 (kPa) 4.94 (0.62) 4.98 (0.61)a − 0.05 (0.22)a 0.935a 0.878–0.993a 0.938a 0.997a

5.48 (0.61)b − 0.54 (0.28)b 0.639b 0.453–0.825b 0.895b 0.714b

4.95 (0.60)c − 0.01 (0.24)c 0.923c 0.856–0.991c 0.924c 0.999c

pO2 (kPa) 10.28 (1.76) 11.24 (2.38)a − 0.97 (1.32)a 0.720a 0.539–0.902a 0.837a 0.861a

11.53 (2.92)b − 1.25 (1.73)b 0.652b 0.467–0.838b 0.841b 0.775b

11.27 (2.41)c − 1.00 (1.34)c 0.716c 0.534–0.898c 0.839c 0.854c
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saturation may affect calculated pO2 pressure significantly 
when saturation is above 96%. At low O2 saturation calcu-
lating pO2 should be more accurate due to the steepness of 
the ODC at O2 saturation. The same principle applies to 
the ABG analysis regarding the difference between ABG 
and aVBG pO2 values [13]. The selected sample collection 
tube in the study may also explain the overestimated pO2 
values. In the methodological pre-study mean venous pO2 
was 0.57 kPa higher in the 4.5 ml tube compared with the 
syringe. Furthermore, the correlation between containers 
was poor. Higher oxygen values could have been caused by 
oxygen bubbles in the venous blood sampling kit, which 
have been sucked into the tube and then absorbed by the 
venous blood. Leftover oxygen in the vacuum of the tubes 
could also explain this difference. Hence, the observed 
overestimation of calculated aVBG pO2 in the valida-
tion study could very well be related to an inappropriate 
choice of sample container, and the reliability of v-TAC 

pO2 should be investigated further in different sample con-
tainers, before its use is ruled out in the ED setting.

It was surprising that the v-TAC method managed to 
calculate pCO2 with both accuracy and precision, as estab-
lished previously, the method relies on calculated arterio-
venous difference in O2 to calculate pCO2 values (step E 
in Fig. 1). Since calculated pO2 is generally overestimated 
and limits-of-agreement was observed at an unacceptable 
level in this study, the accuracy of the difference in O2 
may not be of major importance in the overall calculation.

Tilting of VBG2 samples collected in 4.5  ml tubes 
caused an increase of pCO2 and lowered pH, which 
resulted in misclassification rate of aVBG2 pCO2 just 
above the predefined 5% threshold. Although a larger 
sample size might lower the misclassification rate for cal-
culated pCO2, careful sample handling should be advised 
to obtain valid estimations of pCO2.

Fig. 2   Bland and Altman plots of ABG and aVBG value agreement 
in the validation study. a ABG and aVBG1; b ABG and aVBG2; c 
ABG and aVBG3. ABG arterial blood gas, aVBG arterialized venous 
blood gas, CCC​ Lin’s concordance correlation coefficient, 95% CI 

95% confidence interval of CCC, r Pearson’s correlation coefficient, 
Cb bias-correction factor. aVBG1 analysed within 5  min after sam-
pling. aVBG2 tilted in 5 min and analysed after 7 min. aVBG3 held 
steady and analysed after 15 min
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McCanny et al. reject VBG as a reliable alternative to 
ABG due to variations in venous pCO2 agreement with 
arterial pCO2 [14]. Bland and Altman’s plot demonstrated 
average difference in 8.6 mmHg (1.15 kPa) and limits of 
agreement from − 7.84 mmHg (− 1.02 kPa) to 25.05 mmHg 
(3.34 kPa) between venous and arterial pCO2 [14]. Although 
only 20 patients were included in the present study clini-
cally acceptable difference and narrow limits-of-agreement 
of pCO2 between aVBG and ABG were observed. Therefore, 
the v-TAC could contribute to make for a more precise esti-
mation of arterial pCO2.

Clinically acceptable ranges of difference between ABG 
and aVBG is challenging to determining. Either, normal 
reference ranges are used as tolerable intervals [12], or 
alternatively acceptable laboratory intervals are calculated 
(± 2 × SD) [15]. In questionnaire-based survey certified 
ED physicians reported maximum figures they would feel 
comfortable about regarding differences between monitored 
arterial and calculated arterial values for pH and pCO2 in 
clinical practice. The results were as follows: mean (95% CI) 
0.05 (0.04–0.06) for pH and 0.88 (0.74–1.01) kPa for pCO2 
[16]. These acceptable thresholds were used in this present 
study. Values for pO2 were not covered in the survey.

According to the research team behind the v-TAC 
method, the peripheral limp has to be well perfused and the 
respiratory quotient has to be within 0.7 and 1.0 for v-TAC 
to deliver accurate estimates of ABG [7]. In this present 
study all included patients were circulatory stable and no 
one suffered from severe respiratory failure. However, in 
the critically ill patient, both the respiratory quotient and 
peripheral blood perfusion may vary considerably, depend-
ing on the underlying pathophysiological mechanisms [17, 
18]. The v-TAC method may not be appropriate to assess 
patients with extreme conditions, but it may be able to iden-
tify potential critically ill patients with extreme acid–base 
status or blood gas values in a mixed ED patient population.

Our study has a number of limitations. It was designed 
as a single-centre study with a small number of participants 
without specific clinical characteristics. Hence, in this het-
erogenous study group results could not be generalised. 
Moreover, randomisation was performed by a simple quasi-
random allocation and the study results suggest that anaero-
bic sampling might not have been guaranteed in the 4.5 ml 
tube even if air bubbles in the venous blood sampling kit 
was avoided.

In medical departments where repeated blood gas is 
required (e.g. in patients with COPD), the v-TAC method 
may reduce the need for repeated painful arterial punctures, 
since sampling of blood gas is achieved in conjunction with 
routine venous blood sampling. The reliability and utility 
of method should be examined in large studies, preferably 
multicentre studies, which renders subdivision of patients 
into groups according to cause of admission, severity of 

symptoms or conditions (e.g. hypoxia, hypo- or hypercapnia, 
severe acidosis or severe anaemia) in order to clarify under 
which conditions this method is reliable.

5 � Conclusion

Mathematical arterialisation of VBG was found to be a valid 
method for calculation of pH and pCO2 ABG values in cir-
culatory stable ED patients, whereas the arterialised values 
of pO2 showed overestimation and clinically unacceptable 
broad limits-of-agreement. This observation could be due 
to the venous blood sampling procedure in which 4.5 ml 
tubes were used. The usability of v-TAC in critically ill 
patients with reduced peripheral blood perfusion or extreme 
acid–base or blood gas values remains to be explored in 
future studies.
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