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A 62 yo female arrives to the ED brought by family.

She has a history of COPD, PE, and DM. She is in moderate respiratory distress and
her pulse ox is 87%.

In addition to the gambit of labs that will be ordered for her evaluation, you would
like a blood gas to assess her oxygenation, CO2 level, and pH status. Do you
invasively stick a needle in her artery utilizing additional personal that will be called
down from the ICU to obtain this ABG, or do you have your techs on hand draw a
minimally invasive VBG?

P: In clinical situations where a blood gas is ordered,
I: is a VBG preferable

C: to an ABG

0:

and is a VBG superior for the patient and the health care system?

Health care system issues:

1.) Arterial blood gas:

a.) arterial blood access in the early part of resuscitation when an arterial line has
yet to be established is an additional step in the resuscitation when the vast
majority of time a venous IV has already been established.

b.) needlestick risk and blood exposure to staff.

c.) ABGs are painful, and can cause an aneurysm formation, median nerve damage, a
hematoma, infection, or occlusion/embolization with subsequent ischemic injury to
the digits.

2.) Venous blood gas

a.) venous blood draw is less painful, easier to collect, and can be obtained at the
time of drawing other labs.

Statistical info:
1.) Pearson’s correlation coefficient

Frequently used to demonstrate the linear relationship between two continuous
variables, but does not necessarily establish that they are in agreement.

2.) Bland-Altman analysis of agreement
Uses a plot (called a bias plot) of the difference between two measurements (arterial
and venous) against their average.
The mean of the difference is shown by a horizontal “line of agreement” bounded
above and below by two parallel lines containing 95% of the differences between
the two measurements.
In our journal club studies, the 95% limits of agreement represent the mean
difference between each pair of venous and arterial values +/- 1.96 SD, and they
estimate by how much a venous value is likely to differ from the criterion standard,
the arterial value.
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Figure 1~ Correlation of arterial and venous pH values.

2006 Study:

Table 2 Agreement between arterial and venous pH,
bicqrbonate, |actqte, and base excess (o|| samp|es)

No. of Mean difference 95% limits of

Variable samples  (venous - arterial)  agreement

pH 168 —0.03 pH units —0.07 to0 0.01
Bicarbonate 168 0.52 mmol/I —1.81t0 2.85
Lactate 167 0.08 mmol/I —0.27 to 0.42
Base excess 165 0.19 mmol/I —1.86 to 2.24

Table 3 Agreement between arterial and venous pH,
bicarbonate, lactate, and base excess (cluster analysis)

No. of Mean difference 95% limits of

Variable samples (venous - arferial)  agreement

pH 110 —0.03 mmol/I —0.07 to 0.01
Bicarbonate 110 0.32 mmol/I —1.75t0 2.40
Lactate 109 0.07 mmol/I —0.31 to 0.45
Base excess 107 0.24 mmol/I —1.6310 2.10

2007 Study:



Table 1 Results of arterial and venous blood gas analyses
(n=95)
ABG VBG Bland-Altman 95%

Parameters (mean (SD)) (mean (SD)) limits of agreement
pH 7.384 (0.124) 7.369 (0.12) 0.13 to —0.1

Pco, (mm Hg) 39 (15.11) 42 (20.71) 6.8to —7.6
Bicarbonate (mEq/l) 23.58 (8.86) 24.32 (9.43) 4.3to —5.8

Po, (mm Hg) 115 (64.5) 50 (24.39) 1453 to —32.9
ABG, arterial blood gas, Cl, confidence interval; Pco,, partial pressure of
carbon dioxide; Po,, partial pressure of oxygen; VBG, venous blood gas.

2011 Study:

Table 1

Summary statistics showing mean, standard deviation (SD), 95% confidence limits of mean (Cl), median, and range of
the various studied parameters

Parameter Mean (SD) 95% ClI Median Range
pH (Arterial) 7.46 (0.56) 7.45-7.47 7.47 7.257-7.59
pH (Venous) 7.43 (0.06) 7.42-7.44 7.43 7.176-7.58
pCO, (Arterial, mmHg) 37.77" 35.88-39.75" 36.35" 20.70-71.00
pCO, (Venous, mmHg) 4169 39.60-43.89" 40.10" 26.00-74.00
pO, (Arterial, mmHg) 60.69 (16.63) 57.39-63.99 60.50 16.00-114.0
pO, (Venous, mmHg) 38.35 (10.66) 36.23-40.46 38.00 13.00-75.00
HCO3 (Arterial mmol/l) 27.98 (6.23) 26.74-29.21 26.7 9.30-45.80
HCOj4 (venous, mmol/l) 28.84 (6.88) 27.48-30.2 27.8 12.1-52.7
Sa0, (%) 89.08 (10.89) 86.9-91.27 92.6 21.7-99.0
SpO, (%) 90.53 (7.31) 89.08-91.98 92.5 56.0-99.0

"Data not distributed normally have been back transformed after logarithmic transformation
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Figure 5

Bland Altman plots of measured oxygen saturation (SaO») and on pulse oximetry (SpO5) (Average vs. Difference)



Overall Summary and Clinical Bottom Line
The studies reviewed did not look at outcome effects.

For pH in any disease process it appears the difference between VBG and ABG is
approximately 0.03 with a narrow interval of which the vast majority (at least 95%)
of all measurements will be. Therefore, pH from a VBG can replace the ABG value,
and an ABG should be eliminated if desiring a pH measurement.

The same conclusion applies to bicarb and the difference is approximately 1.

For pCOZ2, the difference appears to be 6. Many studies have narrow 95% limits of
agreement, however some studies have wider limits up to a difference of +/- 20
mmHg.

pCO2 with a venous value of less than 45 has a near 100% sn in ruling out arterial
hypercarbia.

For pO2, the arterial value and venous values are correlated but do not agree. In the
vast majority of cases, a sat monitor is sufficient clinical information for oxygenation
status.

The future of blood gas analysis should focus on studying venous gases to avoid the
health care system issues concerning ABGs.

Interestingly, the VBG can offer more information than the ABG in terms of cellular
oxygenation. The venous blood saturation may be lower in septic states when the
tissues are extracting all the oxygen. This drop in venous saturation may occur
before the lactate rises, and at the same time the arterial saturation may still be
100%. Therefore, the VBG may not only be better for the health care system, but it
may be superior in terms of clinical information than the ABG.



