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ABSTRACT

Background: Arterial blood gas (ABG) analysis is a common test ordered in critically ill patients. Often, it is performed very frequently without
influencing patient care. Hence, we decided to check the utility of the ABG test in our intensive care unit (ICU).

Materials and methods: The data of the previous day ABGs were captured by reviewing the chart in an online pro forma which was filled by
the authors. Data relating to patient’s details, who ordered ABGs, reason for ordering ABGs, and did the ABG influence patient’s management
were entered. A total of 985 ABGs were performed in 173 patients for 2 months which was analyzed.

Results: Out of 985 ABGs, in 259 instances (26.29%), interventions were done after reviewing an ABG. The major interventions among these
ABGs were ventilator settings adjustment in 134 ABGs (13.6%). A total of 790 ABGs were done routinely with no specific indication (80.20%),

while doctors ordered one following an event for 195 ABGs (19.80%).

Conclusion: Our data suggest that 80% of ABG tests were ordered as part of a routine test.
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INTRODUCTION

Arterial blood gas (ABG) analysis is one of the most common tests
ordered in the ICU. Ideally,an ABG sample should be obtained, when
the results are likely to influence patient management.! Common
indication for the ABG sample is the need to evaluate the adequacy
of patient ventilation, the need to quantify the response to
therapeutic or diagnostic interventions, monitoring of severity and
progression of adocumented disease process, and the assessment
of acid-base status.? Repeated ABG measurements are associated
with increased costs, blood loss, introduce or spread infection, and
patient discomfort.® In patients who do not have an intra-arterial
catheter, the need for repeated and uncomfortable punctures can
be associated with substantial blood loss.* According to a study in
a large academic hospital, only 26.4% of ABG tests were ordered
after an acute respiratory event.! Similarly, other researchers have
found that between 42.7 and 66% of ABG measurements were not
clinically justified in their intensive care units (ICUs).>” In our ICU,
ABG tests are performed once in the morning and at fixed intervals,
for example, 4th hourly, 6th hourly at the doctor’s discretion,
irrespective of the patient’s condition at that time. Because of the
large volume of ABG tests performed in our ICU, we decided to
examine the utilization of these routine ABGs.

Aim

To assess the clinical utility of routine ABG tests in our ICU.

OBJECTIVES

Primary: To assess whether the ABG tests are clinically justified.
Secondary: To assess the cost-effectiveness of ABGs in the ICU.
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MATERIALS AND METHODS

Data Collection

This is a prospective observational study conducted in 30 bedded
ICUin atertiary care teaching hospital. This study was approved by
the institutional ethical committee with reference number 22/2018,
which waived the requirement for informed written consent. Our
ICU has adequate manpower with a minimum nursing-to-patient
ratio of 1:2 and 3 residents per shift covering a maximum of
10 patients per resident and oversee by 3 consultants. The ABG
tests are performed in all patients based on ICU protocol at fixed
intervals and based on case to case basis at the treating doctor’s
discretion. All the patients admitted to the medical ICU from
June 2018 to July 2018 were included in the study. The data of the
previous day ABGs were captured in an online pro forma. It included
patient’s demographic detail, time of doing ABG, primary diagnosis
classified as per ICD 10, comorbid conditions, presence/absence
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of intra-arterial catheter prior, who ordered the ABGs, reasons for
ordering ABGs, whether the results were expected, and did the ABG
influence patient’s management. Interventions were done after
an ABG was assessed by reviewing the patient’s chart two hours
before or after the ABG was performed. Answers were entered in
the pro forma by the principal and co-principal investigator. ABGs
of patient’s age less than 18 years and which were done outside ICU
was excluded. All ABGs which were done in the first 24 hours of ICU
admission were also excluded in the study because multiple ABG
s may be warranted during the initial resuscitation of the patient.

Statistical Analysis

Results were expressed as median + interquartile range for
continuous variables and the number (percentage) for dichotomous
variables. The association between a number of ABGs and
interventions done was analyzed by the chi-square test. A p-value of
<0.05 was considered significant. The analysis was performed using
STATA v14 (StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP).

REsuLTs

A total of 985 ABGs were performed in 173 patients for 2 months
(June 2018-July 2018). Out of 985 ABGs, in 259 instances
(26.29%), interventions were done after reviewing an ABG. The
major interventions among these ABGs were ventilator settings
adjustment in 134 ABGs (13.6%), correction of dyselectrolytemia
in 73 ABGs (7.41%), correction of hypoglycemia in 20 ABGs (2.03%),
oxygen administration in 8 ABGs (0.81%), and other interventions
like fluid administration, intubation, extubation, and blood
transfusion in 21 ABGs (2.14%) (Fig. 1).

In a total of 985 ABGs, 790 ABGs were done based on protocol
with no specific indication (80.20%), while 195 ABGs (19.80%) were
ordered on case to case basis by the treating doctors (Table 1).

The initial primary diagnosis was classified based on the organ
system involved using ICD-10 chapters and it was seen that 257
ABGs (26.09%) were done in patients having a primary disorder
of the respiratory system, followed by primary central nervous
system (CNS) disease (199, 20.2%), disease of the digestive system
(138, 14.01%), certain infectious and parasitic diseases (102, 10.36%),
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Fig. 1: Distribution of most common interventions performed following
an ABG
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Table 1: Frequency of ABGs ordered and intervened

Any Intervention performed

Numbers (%)
Order of ABG No Yes Total
Protocol based 615 (77.85) 175 (22.15) 790
Case to case basis 111 (56.92) 84 (43.08) 195
Total 726 (73.71) 259 (26.29) 985
CNS (ICD chapter-6) 199
RS (ICD chapter-10) 257
Infections (ICD chapter-1)
Digestive (ICD chapter-11) — 138
CVS (ICD chapter-9)
Injury (ICD chapter-19)
Genitourinary (ICD chapter-14)
Others
0 50 100 150 200 250 300
Number of ABGs
‘ W Frequency W Percent ‘

Fig. 2: Number of ABGs performed according to patient diagnosis based
on ICD-10 chapters classification

600
501
~ 5007 458
Z
& 400+
2
S 300
g 195
£ 200 186 165
> 12 108
z
100 65 49 10 59
23
6AM-12 12noon-6 6 PM-12 12 mid-night—
noon PM mid-night 6 AM
’ B Frequency m Interventions—yes W Protocol based

Fig. 3: Time of performing ABGs

injury, poisoning and certain other consequences of an external
cause (75, 7.61%), disease of the genitourinary system (78, 7.92%),
and others (97, 9.85%) (Fig. 2).

Regarding the time of ABGs performed, 501 ABGs were done
between 6 am and 12 pm (50.86%), 186 ABGs between 12 pm and
6 pm (18.88%), 195 ABGs between 6 pm and 12 am (19.8%), and
103 ABGs between 12 am and 6 am (10.46%) (Fig. 3).

Patients who were on invasive ventilation had 729 ABGs
(74.01%), patients on supplemental oxygen had 160 ABGs (16.24%),
spontaneously breathing patients had 65 ABGs (6.6%), and those
who were on NIV/BiPAP support had 31 ABGs (3.15%) (Fig. 4).

Out of 985 ABGs performed, 488 ABGs (49.54%) were performed
in patients who had an invasive arterial cannula (Table 2).
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Fig. 4: Distribution of the types of respiratory support

Table 2: Frequency of ABGs basis the presence of invasive arterial
cannula

Invasive arterial cannula Frequency (%)
No 497 (50.46)
Yes 488 (49.54)

Among the metabolic causes for performing an ABG, such as
monitoring/follow-up of electrolytes, glucose, lactate clearance,
fluid administration, 921 ABGs (93.5%) did not have any cause to
assess the metabolic status of patients, and 49 ABGs (4.97%) were
performed post dialysis.

Discussion

The researches in the utilization of ABG tests are limited and have
been studied only by a few. The scope of these studies was limited
to single parameters like change in ventilator settings,® patient
safety, and outcome.” None of the studies discussed the reason
for ordering ABGs, whether these ABGs were intervened or not.

This two-month observational study conducted on 985 ABGs
showed that interventions were performed only in 259 ABGs (i.e.,
26.29%). In that, the major interventions were changed in ventilator
settings (13.6%). Pilon et al.” suggested obtaining ABG tests when
there is a change in ventilator settings. The validity of such an
indicationis questionable in current practice as it is not considered
an absolute indication. Additionally, as per Liou et al.,' the change
of positive end-expiratory pressure was found to have no significant
influence on ABG results.

Unlike the study done by Melanson et al." and Martinez-
Balzano et al."" on the utilization of ABG tests after an educational
or guidelines intervention, our study did not educate or asked the
treating doctors to fill the pro forma prior to performing an ABG test.
As we want to check the number of ABG tests that were performed
and intervened objectively hence to prevent the Hawthorne effect.

Regarding the timing of the ABG test performed, we have
grouped the ABGs into four groups with 6 hours intervals. We
have observed that the maximum numbers of ABGs were done
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from 6 AM to 12 noon slot but only 24% interventions noticed.
Maximum interventions were observed from 12 noon to 6 PM slot
(35%) suggesting that the utility of ABG tests was maximum after
morning rounds (p = 0.003). Most of the studies except Melanson
et al." have not assessed the timing of ABG tests and their
significance.

According to Muakkassa et al.,'? presence of an arterial line was
the strongest predictor of the number of ABG tests performed per
patient. We discerned no differences as an almost equal number of
ABGs were ordered both in the presence and absence of an invasive
arterial catheter. We also found a lesser number of interventions
were made in both groups.

LimITATIONS

This was a single-center, observational study. All ABG parameters
were not recorded, rather we assessed the outcomes of conducting
routine ABGs. A total of 73.71% of ABGs were not followed by an
intervention and this may give an impression of ABGs not being
useful in those subsets of patients. However, a normal ABG does
allow the treating physician to know that patient management is
ontrack. As this study was done objectively, the data collected from
ICU charts may be prone to typographical errors.

CONCLUSION

Arterial blood gas analysis is often ordered as a routine test and
the ABG results do not change patient management in most cases,
which results in increased cost and resources. As most of the routine
ABGs go non- intervened, an individualized approach may reduce
the number of inappropriate ABGs.
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