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Abstract

Aim: This study aimed to determine the agreement between arterial blood gas (ABG) and venous blood gas (VBG) analyses in a pathologically
diverse patient population who presented to the emergency department.

Materials and Methods: This cross-sectional study was conducted in the emergency department of a tertiary care hospital during the period
from February 2019 to June 2020. A total of 113 patients presenting with various medical conditions confirmed on ABG by a physician were
recruited. Both arterial and venous blood samples were collected for blood gas analysis. Using a Bland-Altman plot, data obtained were
analyzed for agreement. IBM SPSS version 22 was used for the data analysis.

Results: Among the 113 study participants, the arterial and venous pH values, base excess, and bicarbonate level show acceptably narrow
95% limits of agreement in the Bland—Altman plot (—0.06 to 0.08, —4.08 to 2.30, and —2.59 to 0.89, respectively). Agreement in partial
pressure of oxygen and oxygen saturation measurements was poor (95% limits of agreement, —8.38 to 101.06 and 0.35 to 0.58, respectively).
Agreement of partial pressure of carbon dioxide shows an acceptably narrow agreement (95% limits of agreement, —10.61 to —2.18).

Conclusion: VBG analysis for pH, bicarbonate, and base excess may be a reliable substitute for ABG analysis in the initial evaluation of adult

patients presenting to the emergency department.
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Introduction

In emergency departments and intensive care, the routinely
performed procedure is arterial blood gas analysis (ABG) (1).
ABG is the gold standard procedure to know about the acid-base
balance, oxygenation and ventilation-perfusion in patients in
critical care treatment (2). Arterial blood gas analysis requires a
sample of arterial blood, which is obtained mostly from radial or
femoral arteries. The sampling requires deep puncture into one of
the arteries, which can be painful to the patient. It may also lead
to various complications like bleeding, hematoma formation,
infection, embolism and formation of arterial aneurysm or in

very severe cases compartment syndrome (3,4). In intensive
care settings, to assess the patient status, there is a need for
repeated ABG analysis. This can put the patient through painful
needle punctures that can increase the chances of infection. The
alternative to ABG is venous blood gas analysis (VBG). In intensive
care and patients presenting to the emergency department,
venous sampling is more convenient and easy to perform (5). Few
venepunctures are required, thereby reducing the risk of needle
stick injury to the health care professionals.

Acid-base balance measured through blood gas analysis plays
a critical role in the planning of the course of treatment. The
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assessment is done in an arterial blood sample. In routine
practice, the sampling results in the mixed sample or venous
sample (6); this can cause detrimental effects in the diagnosis and
treatment plan. Pulse oximetry measurements of arterial oxygen
saturation draw a parallel to oxygen saturation as measured by
ABG, and transcutaneous carbon dioxide tension can provide a
useful guide to the adequacy of ventilation (7). The values of pH,
bicarbonate, and carbon dioxide tension can be measured in
arterial as well as venous blood gas analysis.

Various studies in the past have suggested that venous blood gas
analysis can be considered as an alternate to the arterial blood
gas analysis, VBG still has not gained much acceptance among
clinicians (8-12). A study by Kelly et al. (8). has shown that venous
bicarbonate estimation had a high level of agreement with the
arterial value, with acceptably narrow 95% limits of agreement.
A study by Ma et al. (10) proved that ABG results rarely influenced
emergency physicians’ decisions on diagnosis, treatment, or
disposition in suspected diabetic ketoacidosis (DKA) patients.
The usability of VBG in acid base status is still under research.
The previous researchers suggested that VBG in place of ABG is
sufficient to make clinical decisions. There isa lacuna in literature
corresponding to the place of this current study. So, to add on
to the available evidence and to study the pattern this current
study was done. This present study was carried out to determine
the agreement between ABG and VBG in a pathologically diverse
patient population presenting to the emergency department of
a tertiary care hospital.

Materials and Methods

A cross-sectional study was conducted at the emergency
department and critical care units of VMKV Medical College
Hospital, Salem during February 2019 - June 2020. The study
was approved by the institutional ethical committee of VMKV
Medical College Hospital, Salem. Informed written consent
was obtained from all participants, and data confidentiality
was maintained. For critically ill patients and those who were
unconscious during the study, the consent was obtained from the
attenders. All patients needing ABG as per clinician advised were
recruited into the study. For the recruitment of the participants,
convenience sampling was followed. All patients above the age
of 18 were presenting to the emergency department and all
patients requiring ABG for their treatment after initial emergency
residence (ER) assessment were included in the study. Patients on
anticoagulant therapy, Patients with bleeding disorders, patients
with peripheral vascular disease/compartment syndrome and
those Patients with arterial thrombosis were excluded from the
study.

Methodology

After obtaining informed consent, detailed history and clinical
examination were done for all patients. The need for ABG was
assessed, and both arterial and venous samples were obtained
within 2 minutes of each other. Both ABG and VBG were analysed
in the same blood gas analyser (ABBOTT ABG POC analyser). The
arterial blood was drawn from the radial or femoral artery—
the venous blood from a peripheral vein and blood for other
investigations. The blood samples were obtained in strict aseptic
precautions in a pre-heparinised syringe and transported in the
cold chain to the laboratory immediately. The ABG and VBG
values were interpreted, and the data were compared.

Sample Size Calculation

The sample size was calculated assuming the expected mean
difference of pCO, between ABG and VBG methods as three and
standard deviation as 1.2 as per the study by Malatesha et al.
(1) 26 females, mean; the maximum allowed difference pCO,
between two methods was considered as 6. The other parameters
considered for the sample size calculation included 5% alpha
error and 80% power of the study.

The required sample size as per the calculation mentioned
above was 86. To account for the non-participation rate/absence
of about 20%, another 18 subjects will be added to the sample.
Hence the final required sample size was 104 subjects. For better
representation and availability, 113 subjects were considered in
the final study.

Sample size calculation was done using Medcalc software (13).

Statistical Analysis

pH, HCO,, base excess, pCO, and SpO, in ABG and VBG methods
were considered as the primary outcome variables. Two
procedures ABG vs VBG was considered as explanatory variable.
Descriptive analysis was carried out by mean and standard
deviation for quantitative variables, frequency and proportion
for categorical variables. All quantitative variables were checked
for normal distribution within each category of explanatory
variable by using visual inspection of histograms and normality
Q-Q plots. Shapiro-Wilk test was also conducted to assess normal
distribution. Shapiro-Wilk test p-value of >0.05 was considered
as normal distribution. Bland-Altmann plot 95% confidence
interval (Cl) was used to know the agreement of different
parameters between ABG and VBG methods. The association
between non-normal quantitative outcome was assessed by
comparing the median values. Wilcoxon signed test was used to
assess statistical significance.
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p-value <0.05 was considered statistically significant. IBM SPSS
version 22 was used for statistical analysis (14).

Results

A total of 113 subjects were included in the final analysis. The
mean age was 50.73 years in the study population. Among the
study population, majority were male as 73 (64.60%). The mean
systolic blood pressure was 120 (mmHg) in the study population.
The mean diastolic blood pressure was 80.09 (mmHg) in the
study population. The mean pulse rate was 89.66 (bpm) in the
study population. The mean oxygen saturation was 0.92% in the
study population. The mean respiratory rate (per min) was 25.81
in the study population (Table 1).

The mean difference of the pH between the two methods
was 0.01, with 95% Cl ranging from (—0.06 to 0.08). The mean
difference of the pCO, between the two methods was —6.4 with
95% Cl ranging from (=10.61 to—2.18). The mean difference of the
HCO, between the two methods was —0.85 with 95% Cl ranging
from (-2.59 to 0.89). The mean difference of the Base excess
between the two methods was —0.89 with 95% Cl ranging from

Table 1. Summary of baseline parameter (n=113)

Summary
50.73+14.74 (range: 20 to 82)

Parameter

Age, (mean * SD) (years)

Gender
Male 73 (64.60%)
Female 40 (35.40%)

Vital signs, (mean * SD)

Systolic blood pressure, (mmHg)

120+25.77 (range: 60 to 210)

Diastolic blood pressure, (mmHg)

80.09+60.57 (range: 40 to 700)

Pulse, (bpm)

89.66116.73 (range: 62 to 162)

Oxygen saturation, (%)

0.92+0.06 (range: 0.7 to 1)

Respiratory rate, (per min)

25.81+4.93 (range: 14 to 38)

SD: Standard deviation, n: Number

(~4.08 to 2.30). The mean difference of the PO, between the two
methods was 46.34, with 95% Cl ranging from (-8.38 to 101.6).
The mean difference of the oxygen saturation between the two
methods was 0.47, with 95% Cl ranging from (0.35 to 0.58) (Table
2). Bland Altmann plots depicting the difference in arterial and
venous pH and pCO, measurements between average of arterial
and venous pH and pCO, is represented in Figures 1 and 2.

Discussion

The study findings showed acceptable agreement between ABG
and VBG analysis among the study participants. In literature,
there is plenty of evidence for the agreement between ABG and
VBG (8,10-12,15). Despite the available evidence in the literature,
VBG has not gained confidence for routine usage among the
clinicians. Few studies in the past have expressed reservations
on the diagnostic accuracy of VBG inaccurate patient evaluation
(12,16,17).
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Figure 1. Bland-Altmann plots of difference in arterial and venous
pH measurements between average of arterial and venous pH

SD: Standard deviation

Table 2. Mean difference in lab parameter between two methods (n=113)

Parameter ABG VBG Difference Bland-Altman
(Mean + SD) (Mean =% SD) (Mean =% SD) (95% C1)

Lower Upper
Potential of hydrogen (pH) 7.32%0.19 7.311£0.18 0.01£0.04 -0.06 0.08
PCO, (mmHg) 41.981£16.36 48.38+16.42 -6.412.15 -10.61 -2.18
HCO, (mmol/L) 21.31+8.78 22.16+8.59 -0.85+0.89 -2.59 0.89
Base excess (mmol/L) 2.12+6 1.22+5.76 -0.89+1.63 -4.08 2.30
PO, (mmHg) 87.31+38.83 40.97+£14.84 46.34+27.92 -8.38 101.06
Oxygen saturation 0.9310.06 0.45%0.06 0.47+0.06 0.35 0.58

ABG: Arterial blood gas, VBG: Venous blood gas, SD: Standard deviation,

Cl: Confidence interval, n: Number
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Figure 2. Bland-Altmann plots of difference in arterial and venous
pCO, measurements between average of arterial and venous pCO,

This present study was carried out to evaluate whether VBG
can replace ABG in initial patient evaluation in emergency
departments. As shown in results, the agreement is excellent
with 95% limits of agreement as —0.06 to 0.08 in pH. In this
present study, the agreement in pCO, and bicarbonate values
show an acceptably narrow agreement compared to the previous
study (12).

Agreement of pCO, in previous studies is good and within
acceptably narrow limits, but in this particular study even
though pCO, shows an acceptably narrow agreement (95% limits
of agreement —10.61 to —2.18) since the zero bias is outside the
limit. This indicates there is a significant difference between
arterial and venous measurements. Hence the arterial and
venous pCO, values cannot be replaced with each other.

As expected, the venous pO, and arterial pO, did not show
good agreement in our study (95% limits of agreement —8.38 to
101.06), as the difference is too great to be clinically significant.

The mean difference of the HCO, between the two methods
was —0.85 with 95% CI ranging from (-2.59 to 0.89). The mean
difference of the Base excess between the two methods was —0.89
with 95% Cl ranging from (—4.08 to 2.30). Both these parameters
suggest agreement between ABG and VBG.

Among the previous available literature, the most commonly
studied group of participants were a single diseased group like
DKA and renal failure (10,11). In this study, only a few patients in
the study group had extremes of pPH and were in shock; therefore,
it was not possible to find the agreement and correlation of ABG
and VBG values in those patients. Hence a more extensive study
of patients in the extremes of pH and states of shock is needed to

comment on the agreement and correlation of patients in those
states.

The strength of this study being, the study was conducted among
the wide array of patients attending the emergency department.
The limitation of the current study was the recruitment of the
participants were not done randomly, and convenience sampling
was followed.

Conclusion

Thus, we can conclude from my study that pH, HCO, and Base
Excess agree well in ABG and VBG analysis, and both can be used
interchangeably in the ER. We recommend that Based on the
initial assessment of patients in the ER, VBG can be used as an
alternative for ABG as it will not alter the treatment of the patient
drastically.
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