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Abstract

Aim: This study was aimed to investigate the correlation of pH, PCO2, bicarbonate, sodium, potassium, and
chloride (electrolytes) between ABG and central VBG in ICU patients.

Material & methods: A randomized controlled comparative study conducted in the department of
Anaesthesiology, at Indira Gandhi institute of Medical Sciences, Patna within duration of 12 months. 100
patients were randomly selected.

Results: We have found, maximum number of the ICU patients were belongs to 51-70 years of age group i.e.
33(33%), next commonest age group was 31-50 years, it consisted 31% cases. 14% & 22% cases were belongs
to 18-30 & >70 years of age group respectively. Male cases were predominantly higher than Female cases. Male
was 62.0% and female was 38.0% respectively. Male & Female ratio was 1.63:1. We have found Mean and SD
value of arterials Blood Gas Analysis among study population pH value was 7.41+0.03, PCO2 (mmHg) was
40.99+2.80, HCO3 (mEq/L) was 25.17+2.40, Na+ (mEg/L) was 130.19+6.66, K+ (mEg/L) was 3.06+0.40 & CI-
(mg/dl) was 93.74+2.59 respectively. We have found Mean and SD value of Central Venous Blood Gas
Analysis among study population pH value was 7.35+0.04, PCO2 (mmHg) was 46.98+2.78, HCO3 (mEqg/L)
was 26.32+2.52, Na+ (mEqg/L) was 128.91+6.65, K+ (mEg/L) was 2.99+0.40 & Cl- (mg/dl) was 92.47+3.89
respectively. We have found significant correlation between ABG pH & VBG pH. r factor was .290 and p value
was 0.003. We have found positive correlation between arterial blood gas PCO2 & Central Venous Blood Gas
PCO2 r factor was .961 and p value was <0.0001.

Conclusion: Central venous pH, PCO2, and bicarbonate may be an acceptable substitute for ABG in patients
admitted in the ICU. However caution should be exercised while applying electrolyte measurements.
Keywords: Agreement; Arterial blood gas analysis; Central venous blood; Correlation; Electrolytes.
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Introduction

Aurterial blood gas (ABG) has been demonstrated to
be the most frequently ordered test in intensive care
unit (ICU) [1] and has become so essential in
management of critically ill that recent critical care
guidelines [2] recommend 24 hr. ABG availability.
Though ABG analysis is rapid and reliable, the
arterial puncture carries a risk of hemorrhage and
other vascular complications, [3] which is painful
and no longer necessary for diagnosing respiratory
failure because of widespread use of pulse
oximetry for measuring oxygen saturations.
Sodium, potassium, and chloride (electrolytes)
abnormalities [4] are also one of the common
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causes of morbidity and mortality in ICU patients
and are conventionally measured by auto analyzers
available in hospital's central laboratories.

Typically, an average turn-around time of 20-30
minutes is noted in acute care laboratories of most
tertiary care hospitals. Earlier studies have shown
good correlation between ABG and VBG values
with respect to pH, PCO2, and bicarbonate in adult
patients presented to the emergency department and
ICU. [5,6] Central venous catheter (CVC) is
inserted for central venous pressure measurement,
sampling of blood for investigation, VBG analysis,
and drug administration. Studies involving ICU
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patients have shown good correlation for potassium
measured between ABG machine and point of care
analyzers. [7,8]

Peripheral, mixed, and central venous blood can
also be sampled. Venous blood gas (VBG)
measurements obtained from peripheral, mixed, or
central venous blood can be used interchangeably
with ABGs to assess acid—base status in
hemodynamically stable critically ill patients. [9]
Adrogue and Weil concluded in their study that in
the presence of severe circulatory failure, there is a
worse agreement between arterial and central or
mixed venous values, with central or mixed venous
blood having a higher CO2 concentration and
lower pH than arterial blood because of impaired
removal of generated CO2 from the tissues. This
increase in the venous-—arterial PCO2 difference
occurs in states of decreased flow irrespective of
the reason for the circulatory failure and has an
inverse relationship with cardiac output. [10] The
main complications of arterial blood gas
measurements include arterial injury, thrombosis,
air or clotted blood embolism, arterial occlusion,
hematoma, aneurysm formation, and reflex
sympathetic dystrophy. [11] Turner et al. evaluated
recall of patients’ collective experience in their
ICU stay. He found that ABG sampling was rated
by 48% of the patients as the most unpleasant
experience during admission, followed by tracheal
suction in 44% of the patients. [12]

Hence, the aim of the study was to analysize central
Venous Blood Gas as an alternative to Arterial
Blood Gas Analysis for pH, PCO2, Bicarbonate,
Sodium, Potassium and Chloride in the Intensive
Care Unit Patients.

Material & Methods

A randomized controlled comparative study
conducted in the department of Anaesthesiology, at
Indira Gandhi institute of Medical Sciences, Patna
within duration of 12 months. 100 patients were
randomly selected.
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Inclusion Criterias:

» Patient requiring respiratory and acid —base
status in critically ill patients admitted in
Intensive Care Unit.

Exclusion Criterias:

> Pregnant patients.
» Patients having CVP line with single port.

Methodology:

Age, sex, presenting complaint, vital signs, and
indication for testing. Arterial and peripheral
venous samples were drawn simultaneously in a
preheparinized syringe to prevent coagulation.
Avrterial blood was taken from radial/dorsalis pedis
artery/any other easily accessible artery (either
brachial/femoral in difficult condition). Peripheral
venous blood was taken from any easily accessible
peripheral vein.

Analysis was done on Nova biomedical blood gas
analysis machine, commonly known as blood gas,
electrolyte, and metabolite measuring system.
Measuring capabilities of analyzer were pH, PCO;
(partial pressure of carbon dioxide), PO, (partial
pressure of oxygen), electrolytes (sodium,
potassium, chloride, bicarbonate), base excess/base
deficit, anion gap. Arterial and peripheral samples
were recorded for the above values.

Statistical Analysis

The results were entered into a specifically
designed database and analyzed the data using
computation of Pearson's product — moment
correlation coefficient. Mean value was calculated
and compared for each variable. Mean difference
was calculated between the sample pair. Pearson's
product moment correlation coefficient for each of
measured blood gas variable was calculated by
method of difference.

Results

Table 1: Demographic data

Age in Year No of Cases Percentage
18-30 14 4.0

31-50 31 31.0

51-70 33 3.0

>70 22 22.0

Sex

Male 62 2.0

Female 38 38.0

We have found, maximum number of the ICU
patients were belongs to 51-70 years of age group
i.e. 33(33%), next commonest age group was 31-50
years, it consisted 31% cases. 14% & 22% cases
were belongs to 18-30 & >70 years of age group
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respectively. Male cases were predominantly
higher than Female cases. Male was 62.0% and
female was 38.0% respectively. Male & Female
ratio was 1.63:1.
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Table 2: Mean & SD value of arterial blood gas Analysis and Central Venous Blood Gas Analysis

Arterial blood gas Analysis Mean SD
pH 7.41 10.03
PCO,;(mmHg) 40.99 +2.80
HCO; (mEg/L) 25.17 +2.40
Na+ (mEg/L) 130.19 +6.66
K+ (mEg/L) 3.06 +0.40
Cl- (mg/dI) 93.74 +2.59
Central Venous Blood Gas Analysis

pH 7.35 10.04
PCO2 (mmHg) 46.98 +2.78
HCO3 (mEg/L) 26.32 +2.52
Na+ (mEg/L) 128.91 +6.65
K+ (mEg/L) 2.99 +0.40
Cl- (mg/dI) 92.47 +3.89

We have found Mean and SD value of arterials
Blood Gas Analysis among study population pH
value was 7.41+0.03, PCO2 (mmHg) was
40.99+2.80, HCO3 (mEg/L) was 25.17+£2.40, Na+
(mEg/L) was 130.19+6.66, K+ (mEg/L) was
3.06£0.40 & CI- (mg/dl) was 93.74+2.59
respectively. We have found Mean and SD value of

Central Venous Blood Gas Analysis among study
population pH value was 7.35+0.04, PCO2
(mmHg) was 46.98+2.78, HCO3 (mEg/L) was
26.32+2.52, Na+ (mEg/L) was 128.91+6.65, K+
(mEg/L) was 2.99+0.40 & CI- (mg/dl) was
92.47+3.89 respectively.

Table 3: Correlation between arterial blood gas pH & Central Venous Blood Gas pH and Correlation
between arterial blood gas PCO2 & Central Venous Blood Gas PCO2

Correlation between arterial blood gas pH & Central VVenous Blood Gas pH

ABG pH VBG pH
Pearson Correlation (r) 1 290"
ABG pH vs VBG | p Vlaue .003
pH No of cases 100 100

**_Correlation is significant at the 0.01 level (2-tailed).

Correlation between arterial blood gas PCO2 & Central Venous Blood Gas PCO2

ABG PCO, VBG PCO;,
ABG PCO;, Pearson Correlation (r) 1 .988™
vs VBG p Vlaue .000
PCO; No of cases 100 100

**_Correlation is significant at the 0.01 level (2-tailed).

We have found significant correlation between ABG pH & VBG pH. r factor was .290 and p value was 0.003.
We have found positive correlation between arterial blood gas PCO2 & Central Venous Blood Gas PCO2 r

factor was .961 and p value was <0.0001.

Table 4: Correlation between arterial blood gas HCO3 & Central Venous Blood Gas HCO3 and
Correlation between arterial blood gas Na+& Central Venous Blood Gas Na+

Correlation between arterial blood gas HCO3 & Central Venous Blood Gas HCO3
ABG HCO; VBG HCO;3
ABG HCO3 Pearson Correlation (r) 1 9617
vs VBG p Vlaue .000
HCOs No of cases 100 100
**_Correlation is significant at the 0.01 level (2-tailed).
Correlation between arterial blood gas Na+& Central Venous Blood Gas Na+
ABG Na+ VBG Na+
Pearson Correlation (r) 1 .991™
ABG Nat+ vs| pVlaue .000
VBG Na+ No of cases 100 100
**_Correlation is significant at the 0.01 level (2-tailed).

Raman et al.

International Journal of Current Pharmaceutical Review and Research

112



International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

We have found positive correlation between arterial blood gas HCO3 & Central Venous Blood Gas HCO3 r
factor was .961 and p value was <0.0001. We have found positive correlation between arterial blood gas Na+ &
Central Venous Blood Gas Na+r factor was .991 and p value was <0.0001.

Table 5: Correlation between arterial blood gas K+& Central Venous Blood Gas K+ and Correlation
between arterial blood gas Cl-& Central Venous Blood Gas CI-

Correlation between arterial blood gas K+& Central Venous Blood Gas K+
ABG K+ VBG K+
Pearson Correlation (r) 1 448"
ABG K+vs VBG | p Vlaue .000
K+ No of cases 100 100
**_Correlation is significant at the 0.01 level (2-tailed).
Correlation between arterial blood gas Cl-& Central Venous Blood Gas Cl-
ABG CI VBG CI
ABG CI vs VBG | Pearson Correlation (r) 1 496"
Cr p Vlaue .000
No of cases 100 100
**_Correlation is significant at the 0.01 level (2-tailed).

We have found positive correlation between arterial
blood gas K+ & Central Venous Blood Gas K+ r
factor was .448 and p value was <0.0001. We have
found positive correlation between arterial blood
gas Cl- & Central Venous Blood Gas Cl- r factor
was .496 and p value was <0.0001.

Discussion

Arterial blood gas is a vital component in
determining the clinical status and progress of
critically ill patients with suspected blood gas and
acid base imbalance. However, arterial samples
may not always be easy to obtain. A small but
significant risk of complications exists with arterial
punctures and long-term in situ arterial catheters.
[13] Electrolyte abnormalities are another
significant cause of morbidity and mortality in
critically sick patients [4] and are typically assessed
from venous blood serum using a central laboratory
analyzer, which takes 20-30 minutes. Patients in
the intensive care unit (ICU) frequently have in situ
central venous catheters, and central VBG analysis
may be a safer alternative to ABG analysis for
determining acid-base status and electrolytes levels,
reducing the need for frequent invasive arterial
sampling and electrolytes estimation turnaround
time.

For pH, PCO2, and bicarbonate, there was a
substantial association between arterial and central
venous readings, while sodium, potassium, and
chloride had a moderate correlation. We discovered
a strong link between ABG pH and VBG pH. The r
factor was.290, with a p value of 0.003. This is in
line with the findings of Tregger et al [5], Awasthi
et al [6], Middleton et al [14] and Bo Ra kim et al
[15] who found a mean A-V difference for pH
ranging from —0.04 to 0.053 in their research. The r
factor was.961 and the p value was 0.0001. We
found a significant positive association between
arterial blood gas PCO2 and central venous blood
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gas PCO2. However, their 95 percent LOAs (-25—
13.1) were too broad to allow substitution. Given
that blood gas values should be interpreted in the
context of the individual patient's clinical status and
that arterial blood gases are frequently obtained to
aid in the assessment of a patient's course, central
venous PCO2 should be able to largely replace
arterial PCO2 in the vast majority of clinical
situations.

The r factor was.961 and the p value was 0.0001.
We found a significant positive association
between arterial blood gas HCO3 and central
venous blood gas HCO3. According to Tregger et
al5 and Rang et al [16] this was within clinically
acceptable limits. The LOA in this investigation
was wide (-4.7-6.5), which was similar to Tregger
et al [5] (-4-2.4), who concluded that this limit
represents excellent agreement between arterial and
venous HCO3-. Because venous pH is lower than
arterial pH and venous PCO2 is greater than arterial
PCO2, mean venous HCO3- was unexpectedly
higher than mean arterial HCO3-. We infer that the
CO2 level on which the calculation is based, rather
than the pH, affects the value of HCO3-.

The correlation between arterial blood gas Na+ and
central venous blood gas Na+r factor was.991, with
a p value of 0.0001. The r factor for arterial blood
gas K+ and central venous blood gas K+ was.448
and the p value was 0.0001. We also discovered a
positive correlation between arterial blood gas Cl-
and central venous blood gas Cl-, with a r factor
of.496 and a p value of 0.0001, which is consistent
with the findings of Awasthi et al® who found a
good correlation between both samples and low
arterial versus venous differences for pH,
bicarbonate, and electrolytes in a group of ICU and
critically ill patients. In patients with cardiac arrest,
Johnston5 looked examined the concordance
between arterial and venous blood potassium
levels. The average difference between arterial and
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venous potassium was determined to be 0.106
mmol/L. A mean difference of 0.04 mmol/L was
found to be comparable in our study to the author's
findings. Nanda et al [17] discovered that arterial
sodium and potassium were lower than venous
sodium and potassium, which is consistent with the
current study's findings. Wongyingsinn et al. found
a strong association between arterial and venous
potassium and concluded that arterial potassium
can be used to substitute venous potassium
measurement. [18] Electrolytes assessed in whole
blood by a point-of-care analyzer were equivalent
to electrolytes measured in plasma or venous serum
samples, according to Flegar Mestric et al [19]
There was no significant difference between
potassium measured in an ABG analyzer and
potassium measured using a regular chemical auto
analyzer, according to Jain et al. [20]

With the current study's excellent correlation for
acid-base status and moderate correlation for
electrolytes, it may be possible to use VBG
analysis electrolytes, along with pH, PCO2, and
bicarbonate, in place of ABG and serum
electrolytes in emergency department and ICU
patients in the early stages of resuscitation. This
can help to lessen the risks of long-term arterial
catheterization as well as the time necessary for
electrolyte analysis. The current study can show
that changes in venous values reflect changes in the
equivalent arterial values, and so can be used for
trending purposes, due to good correlation and
acceptable mean differences.

Patients with a variety of clinical diseases, as well
as abnormal blood gas and electrolyte readings,
were excluded from the study. Before proposing
widespread use of an aberrant VBG, more research
into the variations in clinical decision making
based on VBG analysis for acid base status and
electrolyte levels from a specific patient population
with a likelihood of abnormal blood gases and
electrolytes is needed.

The laboratory auto-analyzer test results are
generally time consuming. In contrast, the blood
gas measurement devices usually can produce
results in as little as 90 seconds. So, the calculation
of the value measured with a laboratory auto
analyzer from the value measured with a blood gas
analyzer can save time for the physicians. In a
study comparing arterial blood gases and central
laboratory measurements in critically ill patients,
the researchers found the Na, CI, Hb, bicarbonate
and glucose values are correlated and calculated
formulas for laboratory autoanalyzer values from
venous blood gas analyzer values. [21] In a similar
study, Kozaci et al. calculated the laboratory blood
sample values (measured by laboratory auto-
analyzer) from venous blood gas sample values
(measured by blood gas analyzer) by using linear
regression equations. [22]
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Conclusion

These findings suggest that venous values can
replace arterial measurements in many ICU clinical
settings, eliminating the need for repeated arterial
sampling. Although electrolyte measurements save
time and money, they should be used with caution.
The findings of laboratory auto-analyzer tests can
take a long time. Blood gas measurement
instruments, on the other hand, may usually deliver
results in as little as 90 seconds. As a result,
physicians can save time by calculating the value
measured with a laboratory auto analyzer from the
value measured with a blood gas analyzer. The
researchers discovered that the Na, Cl, bicarbonate,
and pH & PCO2 values are correlated in a study
comparing arterial blood gases and central
laboratory measurements in critically ill patients,
and they calculated formulas for laboratory
autoanalyzer values from venous blood gas
analyzer values. More research is needed to verify
their electrolyte value accuracy.

References

1. Muakkassa FF, Rutledge R, Fakhry SM,
Meyer AA, Sheldon GF. ABGs and arterial
lines: the relationship to unnecessarily drawn
arterial blood gas samples. Journal of Trauma
and Acute Care Surgery. 1990 Sep
1;30(9):1087-95.

2. Guidelines for standards of care of patients
with acute respiratory failure on mechanical
ventilator support. Task Force on Guidelines;
Society of Critical Care Medicine. Crit Care
Med 1991; 19:275-8.

3. Mortenson JD. Clinical sequelae from arterial
needle puncture, cannulation, and incision.
Circulation. 1967;35:: 1118—1123.

4. Lee JW. Fluid and electrolyte disturbances in
critically ill patients. Electrolytes & Blood
Pressure: E & BP. 2010 Dec;8(2):72.

5. Treger R, Pirouz S, Kamangar N, Corry D.
Agreement between central venous and arterial
blood gas measurements in the intensive care
unit. Clinical journal of the American Society
of Nephrology: CJASN. 2010 Mar;5(3):390.

6. Awasthi S, Rani R, Malviya D. Peripheral
venous blood gas analysis: An alternative to
arterial blood gas analysis for initial
assessment and resuscitation in emergency and
intensive care unit patients. Anesthesia, essays
and researches. 2013 Sep;7(3):355.

7. Johnston HL, Murphy R. Agreement between
an arterial blood gas analyser and a venous
blood analyser in the measurement of
potassium in patients in cardiac arrest.
Emergency medicine journal. 2005 Apr
1;22(4):269-71.

8. Jain A, Subhan I, Joshi M. Comparison of the
point-of-care blood gas analyzer versus the
laboratory auto-analyzer for the measurement

International Journal of Current Pharmaceutical Review and Research

114



International Journal of Current Pharmaceutical Review and Research

10.

11.

12.

13.

14.

15.

16.

Raman et al.

of electrolytes. International journal of
emergency medicine. 2009 Jun;2(2):117-20.
Treger R, Pirouz S, Kamangar N, Corry D.
Agreement between central venous and arterial
blood gas measurements in the intensive care
unit. Clin J Am Soc Nephrol. 2010;5(3):390-4.
Adrogué HJ, Rashad MN, Gorin AB, Yacoub
J, Madias NE. Assessing acid-base status in
circulatory failure. N Engl J Med.
1989;320(20):1312-6.

Criscuolo C, Nepper G, Buchalter S. Reflex
sympathetic dystrophy following arterial blood
gas sampling in the intensive care setting.
Chest. 1995;108(2):578-80.

Turner JS, Briggs SJ, Springhorn HE, Potgieter
PD. Patients’ recollection of intensive care unit
experience. Crit Care Med. 1990;18(9):966-8.
Rees SE, Toftegaard M, Andreassen S. A
method for calculation of arterial acid—base
and blood gas status from measurements in the
peripheral venous blood. Computer methods
and programs in biomedicine. 2006 Jan 1;8
1(1):18-25.

Middleton P, Kelly AM, Brown J, Robertson
M. Agreement between arterial and central
venous values for pH, bicarbonate, base
excess, and lactate. Emergency medicine
journal. 2006 Aug 1;23(8):622-4.

Kim BR, Park SJ, Shin HS, Jung YS, Rim H.
Correlation between peripheral venous and
arterial blood gas measurements in patients
admitted to the intensive care unit: A single-
center study. Kidney research and clinical
practice. 2013 Mar 1;32(1):32-8.

Rang LC, Murray HE, Wells GA, MacGougan
CK. Can peripheral venous blood gases replace
arterial blood gases in emergency department
patients?. Canadian Journal of Emergency
Medicine. 2002 Jan;4(1):7-15.

17.

18.

19.

20.

21.

22.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Nanda SK, Ray L, Dinakaran A. Agreement of
arterial sodium and arterial potassium levels
with venous sodium and venous potassium in
patients admitted to intensive care unit. Journal
of clinical and diagnostic research: JCDR.
2015 Feb;9(2):BC28.

Wongyingsinn M, Suksuriyayothin S. Use of
rapid ABG analyzer in measurement of
potassium concentration: does it agree with
venous potassium concentration?. Medical
journal of the Medical Association of
Thailand. 2009 Jul 1;92 (7):925.
Flegar-Mestri¢ Z, Perkov S. Comparability of
point-of-care whole-blood electrolyte and
substrate testing using a Stat Profile Critical
Care Xpress analyzer and standard laboratory
methods. Clinical Chemistry and Laboratory
Medicine (CCLM). 2006 Jul 1;44(7):898-903.
Jain A,, Subhan I,, Joshi M. Comparison of the
point of care blood gas analyser versus
laboratory auto analyser for the measurement
of electrolytes. Int J Emerg Med. 2009;
;2::117—120.

Allardet-Servent J, Lebsir M, Dubroca C,
Fabrigoule M, Jordana S, Signouret T,
Castanier M, Thomas G, Soundaravelou R,
Lepidi A, Delapierre L. Point-of-care versus
central laboratory measurements of
hemoglobin, hematocrit, glucose, bicarbonate
and electrolytes: a prospective observational
study in critically ill patients. PloS one. 2017
Jan 10;12(1):e0169593.

Kozact N, Oguzhan Ay M, Giiven R, Sasmaz
I, Karaca A. Comparison of Na, K, CI, Hb and
Hct values measured by blood gas analyzer
and laboratory auto-analyzer/Kan gazi analiz
cihazi ve laboratuvar otoanalizorii tarafindan
Olgiilen Na, K, CI, Hb ve Hct degerlerinin
karsilagtiriimas. Turkish Journal of
Biochemistry. 2015 Aug 1; 40(4):343-7.

International Journal of Current Pharmaceutical Review and Research

115



