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Abstract 

Problem: The overutilization of laboratory testing was identified as a national problem by the 

“Choosing Wisely” campaign, advocating for judicious use of testing in intensive care units 

(ICUs). Arterial blood gasses (ABGs) account for an estimated 10-20% of all costs during an 

ICU stay.  Non-clinically indicated ABGs increased costs of care, length of stays, ventilator 

days, and line days, increasing the risk of adverse outcomes to already vulnerable critically ill 

patients. A cardiac surgery intensive care unit (CSICU) within a large urban mid-Atlantic 

academic medical center accounted for 31% of the entire institution’s ABG analyses between 

2018-2019, and was identified as a top utilizer due to inappropriate ordering practices as 

compared to current guidelines. 

Purpose: The purpose of this quality improvement project was to implement an algorithm based 

upon evidence-based guidelines that identified appropriate standardized clinical indications for 

ABGs, with the intention of reducing non-clinically indicated blood gas analyses orders within 

the CSICU. Anticipated outcomes of this practice change included decreasing the total volume of 

ABGs sent, resulting in reduced costs of care, lengths of stay, and improved morbidity and 

mortality rates. 

Methods: An evidence-based ABG indication algorithm was created focusing on acute changes 

in oxygenation, ventilation, acid base balance; changes in hemodynamics, post-operative 

baseline, and for patient ABGs to correlate with extra-corporeal membranous oxygenation 

values. Routine ABGs for monitoring were eliminated. Implementation occurred over fourteen-

weeks in the fall of 2020 following staff and provider education. Training emphasized the use of 

non-invasive monitoring such as pulse-oximetry and capnography. Compliance and gross 

laboratory totals and indications were obtained from weekly auditing.  
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Results: There was an 8.8% reduction in ABGs sent and 32% decrease in ABGs per patient day. 

The most common indications were extra-corporeal membranous oxygenation (ECMO)-

correlated ABGs, post-operative, and changes in oxygenation and/or ventilation; 7.8% were non-

indicated.  

Conclusions: Implementation of an ABG indication algorithm resulted in fewer ABGs sent, 

mostly due to a reduction in routine monitoring, and ABGs were more likely to be clinically 

indicated in response to an acute concern. Implementing an ABG indication algorithm is safe, 

feasible, and can lead to significant cost reductions for the institution. 
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Introduction 

Blood gases are considered high-yield diagnostic tests because they provide valuable 

information about a patient’s oxygenation, ventilation, and acid-base balance. However, they are 

often ordered routinely despite the absence of a clinical indication, leading to increased costs of 

care, length of stay, ventilator days, and line days (Blum et al., 2015; Martinez-Balzano et al., 

2016). Literature review showed that this increased the risk of adverse outcomes to the already 

vulnerable critically ill patient population. Arterial blood gas (ABG) analyses also accounted for 

an estimated 10-20% of all costs during an intensive care unit stay (DellaVolpe et al., 2014). The 

overutilization of laboratory testing was identified as a national problem by the American Board 

of Internal Medicine Foundation’s “Choosing Wisely” campaign, that promotes the judicious use 

of testing to decrease the amount of unnecessary treatment measures in the intensive care unit. A 

cardiac surgery intensive care unit (CSICU) within a large urban mid-Atlantic academic medical 

center accounted for 31% of the entire institution’s ABG analyses between 2018-2019, costing the 

unit $829,221 in ABGs alone, and was identified as a top utilizer of this laboratory test due to 

inappropriate ordering practices as compared to current guidelines.  

The purpose of this quality improvement project was to implement an algorithm based 

upon evidence-based practice guidelines that identified appropriate standardized clinical 

indications for arterial blood gas sampling, with the intention of reducing non-clinically 

indicated blood gas analyses orders within the CSICU. It was anticipated that this practice 

change would decrease the total volume of ABGs sent, resulting in reduced costs of care, 

reduced length of stay rates, and improved patient morbidity and mortality rates. 
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Literature Review 

This literature review provided a synthesis of the evidence supporting the implementation 

of an ABG indication algorithm. Studies reviewed included utilization of non-invasive devices to 

capture data, use of the electronic health record (EHR) to require providers to select indications 

for testing, a reminder to critically think before ordering, and lastly, evaluating the use of a 

standardized arterial blood gas indication algorithm. The quality of evidence was determined 

using Melnyk and Fineout-Overholt’s (2014) level of evidence rating system and Newhouse’s 

(2006) quality of evidence rating system (Tables 1 & 2).  

The landmark study that introduced this performance improvement initiative was 

Browning et al. (1989) who found a significant decrease in ABG analyses after implementing 

guidelines for indications, however it did not examine mortality rates, mechanical ventilator 

days, or length of stay. Later, DellaVolpe et al. (2014), found that implementing an evidence-

based protocol for ABG use resulted in fewer ABGs per patient per day largely from a reduction 

of routine and daily ABGs. The ordering patterns for ABGs shifted towards more clinically 

appropriate and relevant indications. DellaVolpe et al. (2014) found there was no change in 

mortality between the groups but there was an opportunity for significant institutional cost 

savings of $87,565 annually. Blum et al. (2015) and Martinez-Balzano et al. (2016) found a 

significant decrease in ABG determinations after implementation of indication guidelines 

without significant differences in ICU mortality rates. Martinez-Balzano et al. (2016) 

demonstrated the ability to feasibly and safely implement the indications guidelines over 

multiple ICUs of different specialties, and was the largest intervention for ABG analysis 

optimization reported to date. Blum et al. (2015) also found a significant decrease in the number 

of ventilator days per patient and a shorter length of stay for ventilated patients with the 
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intervention. Furthermore, all five of these studies shared common indications for ordering an 

ABG including changes in oxygenation, ventilation, or acid base balances. 

DellaVolpe et al. (2014), Blum et al. (2015), Martinez-Balzano et al. (2016), Browning et 

al. (1989), and Koch et al. (2015) all supported utilization of non-invasive forms of monitoring 

pulse oximetry to reduce frequency of ABGs. Blum et al. (2015), Koch et al. (2015), Martinez-

Balzano (2016); and Browning et al. (1989) also supported the use of capnography.  

Koch et al. (2015) specifically evaluated the frequency of laboratory testing in patients 

undergoing cardiac surgery, and that ABGs were the most frequently performed tests. They 

encouraged implementation of performance improvement initiatives such as smaller volume 

sample sizes and closed loop devices, and also suggested there may be a role for capnography 

and pulse oximetry in decision-making surrounding ventilator management. They offered 

general recommendations to reduce over-phlebotomizing patients, such as batching of laboratory 

testing, minimizing sample sizes, and consideration of line removal when appropriate, for 

patients that had arterial lines tended to have more blood drawn due to convenience (Koch et al., 

2015, p. 782; Davis, Walsh, Sittig, & Restrepo, 2013).  

Lastly, there were recommendations that included changes to computed provider order 

entry that required selection of indication, best practice advisories, and having costs of tests 

being made prominent (Bansal, Aronsky, Talbert, & Miller, 2001). The study did not reveal a 

significant change and had limited power. More current research on computerized order entry 

would strengthen this recommendation, but is limited at this time.   

Overall, although there was only weak evidence published (1 Level III, Quality B; 3 

Level IV, Quality B; and 1 Level VI, Quality C), however there was a low risk but potentially 

high benefit of the practice change.  
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Theoretical Framework 

The practice theory utilized was the Conceptual Framework for Interprofessional 

Teamwork. which is relevant to the clinical practice problem of changing the behaviors of the 

multidisciplinary team to reduce non-clinically indicated arterial blood gases. The theory was 

used to explore the culture of collaboration across healthcare teams in the intensive care unit. 

The theory addressed four domains: relational, organizational, processual, and contextual aspects 

affecting teamwork. The theory considered interprofessional teamwork issues in relation to the 

delivery of clinical care, the management of care, diagnostic work, and health promotion 

(Reeves, Lewins, Espin, & Zwarenstein, 2010).  

The practice theory was used to leverage the practice change because it provided the 

conceptual framework of the interdisciplinary collaboration, structural and organizational 

support, and how the context of change effected the implementation and sustainment. It had a 

high level of personal comfort due to its ease of use, and had sociopolitical congruency within 

the CSICU because the leadership was supportive of change through evidence-based practice. 

Since all stakeholders of the multidisciplinary team were represented in the formation of the 

proposed algorithm as well as its implementation, it was an excellent application and display of 

interprofessional teamwork for this quality improvement project.  

Methods 

 The project was conducted within a 30-bed cardiac surgery intensive care unit within a 

large urban academic medical center over a 14-week period from August through November 

2020. All patients with an ABG drawn during their CSICU stay in the met the inclusion criteria, 

while venous blood gasses and extracorporeal membranous oxygenation (ECMO) gasses were 



THE IMPLEMENTATION OF AN ARTERIAL BLOOD GAS  8 

 

excluded. No ethical concerns arose from any patient population exclusions. The human research 

protection office deemed this non-human research, waiving institutional review board evaluation.  

The project was led by a doctoral nursing student using the mobilize-assess-plan-

implement-track (MAP-IT) framework. The fishbone method was used to identify potential root 

causes, highlighting staff knowledge and unit culture as antecedent factors amenable to practice 

change. A review of the evidence was performed, which supported the implementation of an 

ABG indication algorithm based upon acute changes in oxygenation, ventilation, and acid-base 

balance, post-operative baseline, and acute changes in hemodynamics. The literature suggested 

ABGs should be drawn only in direct response to an acute change or clinical question, and there 

was no role for routine ABGs for monitoring. Current literature lacked specific recommendations 

on the frequency of correlating a patient ABG with ECMO circuit gasses, but was included as a 

special consideration due to the robust ECMO program on the unit. Lastly, literature supported 

the use of non-invasive monitoring such as pulse oximetry and capnography, and requiring 

providers to select an indication during computerized order entry within the EHR. 

The ABG indication algorithm was constructed by the doctoral nursing student based on 

the evidence, with feedback from medical and nursing leadership, nursing, advance practice 

providers (APPs) (nurse practitioners and physician assistants), respiratory therapists, and 

perfusionists. Implementation was led by five CSICU nurse champions and an APP champion. 

Additional support was sought from the information technology teams regarding changes to the 

EHR and laboratory services department for data collection.   

 Baseline data was collected for comparison one month prior to implementation, including 

a baseline survey for the nursing and provider staff about unit culture regarding ABG use as well 

as gross weekly laboratory totals for ABGs sent for analysis. Dissemination of education for the 
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nursing and provider staff began on August 31st 2020 for a two-week period in shift huddles, 

critical care operations meetings, staff meetings, face-to-face, in-services, and by email. The 

ABG indication algorithm was distributed via email and displayed prominently on the unit.  

 Structural measures used to track implementation progress and assess the impact of the 

intervention included the creation of the ABG indications algorithm, changes to the EHR, and 

the number of staff and providers educated on initiative. Process measures included the number 

of clinically indicated ABGs and number of abnormal ABGs out of the total number of ABGs 

sent. Finally, outcome measures included the gross totals of ABGs sent. Future secondary 

measures will include total number of ventilator days, ICU days, and length of stay.  

 Implementation strategies and tactics used were: obtaining buy-in from leadership, staff, 

and provider teams; education, incentivizing staff with coffee & treats; utilizing unit champions; 

completion of audits; and regular posting of data updates. Regular reminders on identifying the 

indication were discussed before sending a sample. Data was collected with automated gross 

total reports that were rendered into a run chart posted for the staff on a weekly basis. Random 

audits performed by the champions tracking indications were analyzed on a biweekly basis and 

results were displayed on an excel spreadsheet. Real-time changes in auditing procedure 

occurred due to confounding data collection of the same patient multiple times. Lastly, pre and 

post implementation surveys were collected anonymously online to assess unit culture towards 

ABG use. To protect patient privacy, the audit tools contained shielded identifiers and gross 

ABG totals were reported by the unit as a whole. The run-chart was used to determine if there 

was a difference and trend in volumes of ABGs sent in the pre and post implementation periods. 
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Results 

At the completion of the project, there was an 8.8% decrease in ABGs sent on a weekly 

basis (August: 203/week to December: 185/week); and a 32% decrease in ABGs sent per patient 

day (August: 1.27 to December: 0.86). The run-chart demonstrated an overall decrease in ABGs 

sent. There were 64 random indication audits completed encompassing 42 unique patients. The 

most common indications were ECMO-correlated ABGs (n=20), post-operative baseline ABGs 

(n=12), acute changes in oxygenation (n=11) and/or ventilation (n=11). Few samples sent per 

physician request (n=2) or non-indicated (n=3) (total: 7.8%). Besides the special considerations 

of post-operative and ECMO gasses, the top indications were consistent with the literature: acute 

changes in oxygenation, ventilation, and/or acid base balance. Surprisingly, 66% of the ABGs 

randomly audited had no effect on patient management, but this could be skewed by routine 

ECMO-correlated gasses that required no changes to the circuit or patient. Nurse practitioners 

ordered 75% of all the audited samples, however, they also made up the majority of the CSICU’s 

APP team. The multidisciplinary team rounding workflow usually has the APPs and fellows 

entering orders. Future secondary outcome measures will assess total number of ventilator days, 

ICU days, and length of stay. With the decrease in total volume of ABGs sent, this also resulted 

in potential reduced costs of care. Figures were calculated using the institutional cost of ABGs at 

$77.81 per sample multiplied by the average monthly gross totals of ABGs from project baseline 

to completion, with a $5,809/month potential cost-savings. This aligned with the 2018-2019 

monthly average of $5,116, resulting in a $61-69,000/year potential estimated cost-savings.  

There were 42 nurse pre-test and 24 nurse post-test surveys completed, as well as 9 

provider pre-test and 6 provider post-test surveys completed to evaluate the unit culture on ABG 

utilization. On the pretest, 25% of nurses either “strongly agreed” (n=6) or “agreed” (n=19) that 
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all ABGs sent in the CSICU were clinically indicated, while 27.5% (n=11) “disagreed”. The 

providers’ pre-test scores indicated 44% either “strongly agreed” (n=1) or “agreed” (n=3) that all 

ABGs sent in the CSICU were clinically indicated, versus 55% (n=5) “disagreed”. Interestingly, 

for the same question on the post-test, more nurses, 54% total, strongly agreed (n=1) or agreed 

(n=12) that all ABGs sent were indicated, whereas providers only selected “neither agree nor 

disagree” (n=1) or “disagree” (n=5), 83%.  

The implementation of this project caused a heightened awareness of the algorithm, and 

its integration into their daily rounds and workflow could explain why nursing felt they were 

sending more clinically indicated ABGs whereas the providers became more judicious in their 

ordering practices. Elimination of routine or daily ABGs changed unit culture and facilitated 

better communication practices between nursing and provider staff. The standardized indications 

facilitated more purposeful conversations during rounds, and critical appraisal of orders by both 

nursing and providers. Project champions and charge nurses used reminders during huddles and 

in real-time to encourage compliance. Changes to the EHR requiring selection of an indication 

were proposed to the informatics council, but have not been integrated yet at this time.  

An unexpected change to the EHR occurred during the development phase which limited 

laboratory orders to 24 hours, reducing a root cause of unchallenged standing orders. Barriers to 

the project’s success were two unanticipated spikes in acuity that drove up the volumes of ABGs, 

visiting fellows unfamiliar with the algorithm reducing utilization compliance, short-staffing and 

high turnover contributed to less time to critically assess the order indication. Lastly, staff was 

re-educated that there was no restriction on sending ABGs, and this was not a substitute but an 

aid for clinical judgement. This allowed our providers to retain their autonomy and rely on their 

clinical acumen, and prevent harm to the patients by withholding necessary laboratory work. 
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Discussion 

Since the ABG algorithm was implemented, there was an overall 8.8% decrease in the 

weekly total ABGs sent over the fourteen-week period from baseline to completion (203/week to 

185/week), and 32% decrease in patient ABGs per patient day (1.27 to 0.86). The nursing and 

provider support and buy-in was critical to the project’s success. Coffee and treats were provided 

during the education and implementation periods and helped to improve compliance when 

offered throughout the project. Nursing staff reported that they liked that there was little addition 

to their usual workflow and several members even commented they supported the project 

because it reduced their workflow by drawing less labs. Although other laboratory samples were 

not specifically measured for the scope of this project, several nurses and providers also 

commented that it made them more cognizant of the frequency they were drawing other labs, 

which may have had an effect on their utilization rates. Lastly, the staff became more reliant on 

their non-invasive monitoring such as their pulse oximetry and end-tidal capnography, as well 

assessing the color of the blood in the closed collection chambers when suspicious of hypoxia. 

There were no adverse events identified during the project timeline that occurred due to 

withholding ABG sampling, demonstrating its safety in use.  

The evidence from DellaVolpe et al. (2014); Blum et al. (2015); Martinez-Balzano et al. 

(2016); & Browning et al. (1989) all showed a reduction in ABGs after implementing an ABG 

algorithm, and this quality improvement project’s results confirms these findings. Furthermore, 

these studies share common top indications including changes in oxygenation, ventilation, or 

acid base balances. Besides the unit’s special considerations of post-operative baseline and 

ECMO-correlated patient gasses, the top indications were consistent with the literature with 

acute changes in oxygenation, ventilation, and/or acid base balance. Lastly, DellaVolpe et al. 
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(2014) showed an opportunity of $87,565 in institutional annual cost-savings, which is congruent 

with this quality improvement project’s estimated $61-69,000 annual cost savings potential.  

It was anticipated that there would be a reduction in the gross totals of ABGs and ABGs 

per patient day, and an improvement in the amount of clinically indicated ABGs following 

implementation. It was also anticipated that the culture surveys would reflect a change in both 

the nursing staff and provider teams in believing that all ABGs sent are clinically indicated at the 

post-test. An unanticipated result was the disagreement from the provider team believing that all 

ABGs were clinically-indicated. Possible reasons for this could stem from verbiage used in the 

question stating “all” ABGs are clinically indicated, in which they could take to be false, leading 

to the disagreement rating. Also, both the pre and post provider surveys had five people select 

“disagree”, so it is possible the same individuals voted the same way on the post-test.  

Limitations to the generalizability of this project include the small sample size, errors in 

random sampling, and the repetition of the same patients. This was mitigated by changing 

auditing practices and improving communication between the champions. Also, this project was 

in a single cardiac surgery intensive care unit, and not across several units or institutions showing 

its effects on differing populations. The evidence supported the addition of a post-operative 

baseline ABG in DellaVolpe et al., 2014, and this indication may not be generalizable to non-

surgical units. The CSICU routinely operated at a high acuity with complex patients often 

referred from outside facilities and has a robust ECMO program, therefore the ECMO indication 

and results may not be generalizable to lower-acuity units. Lastly, due to the hemodynamic 

instability of fresh post-operative cardiac surgery patients, most patients already had arterial lines 

in place, which the literature shows can lead to a higher rate of convenience sampling (Blum et 

al., 2015). Other ICUs may not have as many arterial lines in place routinely. 
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Conclusion 

In conclusion, the implementation of an arterial blood gas indication algorithm is relevant 

to the continuous drive for improvements in health care delivery, improved patient outcomes, 

and the quality of health care. Implementing an ABG indication algorithm is safe, feasible, and 

can lead to significant cost reductions for the institution. This quality improvement project 

showed a reduction in total ABGs and ABGs per patient day, which can lead to significant cost 

savings. Samples were more likely to be clinically indicated due to an acute concern.  

 Strengths of this project include its minimal impact to nursing and provider workflow, 

and possibly even improving nursing workflow by reducing the number of labs sent, freeing up 

nursing time for other tasks. The algorithm was developed based upon the latest high-quality 

evidence available with regular feedback from the multidisciplinary team, adding to its validity. 

There were no costs associated with the implementation, and can lead to significant cost savings 

for the unit and the institution. The algorithm is also flexible to justify a wide variety of 

indications, but stringent enough to reduce non-indicated or routine laboratory sampling. It 

aligned well with the Choosing Wisely campaign’s push for judicious laboratory testing as well.  

 Immediate plans for sustainability include displaying the poster presentation on the unit, 

continuing education for new staff and providers, and maintaining the algorithms prominent 

display on the unit. Future plans for this project include finalizing a soft-stop in the EHR for 

indication selection while ordering ABGs, a system-wide change, and dissemination of the 

project to the rest of the institution and system for implementation on other ICUs. The algorithm 

could be added to the intranet for the university for improved ease of access. Future research and 

randomized controlled trials would strengthen the recommendations for this practice change.  
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Table 1 

Evidence review table for arterial blood gas analysis indications guidelines (n=5 studies) 

Citation: Blum, F. E., Lund, E. T., Hall, H. A., Tachauer, A. D., Chedrawy, E. G., & Zilberstein, J. (2015). Reevaluation of the 

utilization of arterial blood gas analysis in the intensive care unit: Effects on patient safety and patient outcome. Journal of 

Critical Care, 30, 438.e1-438.e5. https://doi.org/10.1016/j.jcrc.2014.10.025 

Level IV 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“The current literature 

does not sufficiently 

reflect if a cost-efficient 

utilization of ABG 

analysis through 

significant reduction of 

the number of ABG 

samples affects patient 

outcomes and patient 

safety. This study 

determines the effect of 

reconsideration of the 

indications for ABG 

analysis, on patient 

outcome and safety.” 

 

 

 

 

Retrospective study 

 

Electronic chart review 

 

Intensivist-led team 

with assessment of 

ABG indication prior 

to ordering instead of 

routine daily ABG 

sampling 

Sampling Technique: 

Total number of ABG 

samples obtained in the 

ICU between December 

2011 and February 2012 

(Group 1) & December 

2012 and February 2013 

(Group 2) 

ABG samples: 

# Eligible: 300 

# Accepted: 300 

# Control: 159 

# Intervention: 141 

Power analysis:  Not 

stated                                                                                    

Group Homogeneity:  

Single center study, 

limits generalizability. 

Academic teaching 

hospital with university 

affiliation. 

Intervention/Control 

homogeneous based on 

non-significant p values 

on Table 2 for 

demographic 

characteristics, 

excluding BMI which 

was <0.05 

 

Control: Group 1: ICU 

patients requiring ABG 

sampling based upon 

current standard of 

practice and routine 

sampling 

Intervention: Group 2: 

ICU patients requiring 

ABG sampling based 

upon clinical 

assessment of patient 

Intervention fidelity: 

Physician and nurses 

filled out a utilization 

survey inquiring about 

the level of training of 

the ordering clinician, 

reason for ordering the 

ABG, and the effect of 

the test results on 

patient management;  

Intensivist lead team for 

intervention group; 

Combination of 

initiatives may have 

decreased ventilator 

days and length of stay 

(LOS), indirectly 

lowering number of 

ABGs sent (example: 

choice of sedation) 

Dependent Variable: 

Primary outcomes: 

number of ABG 

samples sent during 

ICU stay, number of 

ventilator days, and 

LOS in the ICU. 

Secondary outcomes: 

number of 

reintubations, 30-day 

mortality after 

admission to the ICU, 

and complications of 

arterial puncture 

Measurement tool 

(reliability), time, 

procedure: Quantified 

by total number of 

ABG samples sent, 

chart review of 

electronic health record. 

No formalized 

instrument or tool 

utilized for outcome 

measure; no reliability 

data available; difficult 

to assess vasospasm 

complications 

retrospectively 

Statistical 

Procedures(s) and 

Results: 

Kolmogorov-Smirnov 

test used to assess 

normality of 

distribution, Mann-

Whitney U test was 

applied to analyze the 

differences of ventilator 

days, ICU LOS, 

reintubation rates, and 

medications.  

 

The number of ABG 

samples obtained per 

patient was lower in 

group 2 (all patients 3.7 

± 3.7; ventilated 

patients, 2.03 ± 1.66) 

compared to group 1 

(5.5 ± 4.7; ventilated 

patients 6.12 ± 5.9) (all 

patients P<0.001; 

ventilated patients 

P<0.001) 

 

A decrease of ABGs of 

more than 60% per 

patient was observed 

for ventilated patients.  

 

https://doi.org/10.1016/j.jcrc.2014.10.025
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Decrease in ventilator 

days between groups 

(group 1, 6.46 ± 5.04 vs 

group 2, 3.7 ± 2.61, 

P=0.004) 

 

Decrease in ICU LOS 

between groups (group 

1, 8 ± 5.6 vs group 2, 5 

± 5.1, P=0.036) 

Citation: Browning, J. A., Kaiser, D. L., & Durbin, C. G. (1989). The effect of guidelines on the appropriate use of arterial blood 

gas analysis in the intensive care unit. Respiratory Care, 34(4), 269-276. 
Level IV 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“In order to improve the 

logic by which ABG 

analysis was used in our 

SICU, we developed 

and introduced 

guidelines for its use; 

we then studied the 

impact of these 

guidelines on the 

number of ABG 

analyses in the SICU.” 

Retrospective review 

of medical records 

 

Three 1-week phases 

Sampling Technique: 

Convenience sampling 

on SICU of all ABG 

samples sent during 

study period. 

Number ABG Samples 

# Eligible: 1775 

# Accepted: 1775 

# Control: 724 

# Intervention: Period 

II: 529, Period III: 522 

Control: Period I: Pre-

intervention period. 6 

months before algorithm 

was introduced (1 week 

at the end of August) 

Intervention: 

Algorithm introduced in 

March. Phase II: 1 

month after algorithm 

implementation (1 week 

in April); and Phase III: 

3 months after 1st post-

intervention data was 

collected (end of 

August) 

Control: Period I: Pre-

intervention period. 

Patients received 

standard of care 

including ABGs sent as 

part of routine 

monitoring/surveillance 

Intervention: Phase II 

and Phase III. 

Algorithm introduced 

to all staff for justified 

clinical indications. Use 

of algorithm reinforced 

during daily rounds. 

ABGs only to be sent  

Intervention fidelity: 

Used same calendar 

month in August to 

account for influx of 

residents in July- 

accounting for level of 

provider experience. 

Phase I did not identify 

who initiated ABG 

analysis, rectified in 

Phase II and III, where 

it could be indicated if 

Dependent Variable: 

Primary: number of 

ABG samples sent 

during ICU stay, 

number of clinically 

indicated ABGs 

Secondary: cost of 

ABGs and staff work 

hours 

Measurement tool 

(reliability), time, 

procedure: Total 

volume of ABGs 

obtained by reviewing 

medical records. 

Clinical indication 

justified by criteria set 

by Medical director of 

respiratory care and the 

adult surgical 

respiratory care clinical 

specialist.  

Review performed by 

clinical specialist 

during each review 

period. An analysis 

satisfying any one 

Statistical 

Procedures(s) and 

Results: 

Inappropriate ABG 

analyses declined from 

42.7% in Phase I to 

32.9% in Period II, 1 

month after 

introduction of the 

algorithm, then to 

30.8% 3 months later. 

The changes were 

statistically significant 

by ANOVA 

(p=0.0238).  

 

There were 7.5 ABG 

analyses per patient-day 

in Period 1, 5.6 in 

Period II, and 5.7 in 

Period III; the average 

reduction of 1.85 

analyses per patient-day 

was statistically 

significant (p= 

0.00065). 
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Power analysis:  Not 

stated                                                                                    

Group Homogeneity:  

Unknown if pre and post 

intervention groups 

were homogenous as 

acuity and other 

demographics were not 

discussed. Sample 

drawn from same unit. 

it was a physician, 

nurse, or respiratory 

therapist. 

 

criterion was 

considered appropriate. 

One person judging 

appropriateness so no 

risk of poor interrater 

reliability, could be 

subjective interpretation 

of samples meeting 

guidelines criteria. 

Resulted in a potential 

institutional annual cost 

savings of $11,591 in 

cost of blood gas kits, 

and $64,908 in 

laboratory costs. 

 

Potential for 2.415 

hours of SICU 

practitioners’ time 

saved drawing ABGs. 

Citation: DellaVolpe, J. D., Chakraborti, C., Cerreta, K., Romero, C. J., Firestein, C. E., Myers, L., & Nielsen, N. D. (2014). Effects 

of implementing a protocol for arterial blood gas use on ordering practices and diagnostic yield. Healthcare, 2, 130-135. 

https://doi.org/10.1016/j.hjdsi.2013.09.006 

Level III 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“The aim of this study 

was to examine the 

effect of 

implementation of an 

evidence-based protocol 

on variability of ABG 

ordering at a tertiary 

care facility. The goal 

was to make a protocol 

simple enough to have a 

minimal time cost to 

physicians […] We 

predicted that making 

physicians aware of the 

rationale for ABG 

ordering would reduce 

the overall number of 

ABGs without 

increasing the mortality 

and length of stay.” 

Prospective cohort 

study, Quasi-

experimental design 

 

Two 6-week periods 

 

Implementation of 

evidence-based 

protocol for ABG 

ordering 

Sampling Technique: 

Data from ABG 

analyzer collected 

anonymously with no 

patient data from chart 

collection. 

ABG Samples 

# Eligible: 3832 

# Excluded: Venous 

blood gas, Stroke, age 

<18, no indication listed 

# Accepted: 2981 

# Control: 851 

# Intervention: 2981 

Power analysis:  Not 

stated                                                                                     

Group Homogeneity:  

Single center study, 

limits generalizability. 

Tertiary teaching 

hospital, multi-ICU. 

Intervention/Control 

homogeneous based on 

non-significant p values 

Control Protocol: 

Respiratory therapists 

entered presumed 

protocol indication 

directly into analyzer 

before ABG sampling. 

Excluded samples 

accounted for control of 

baseline of ordering 

practices during pre and 

post periods. 

Intervention Protocol: 

Group 2: Following 

education of new 

protocol, medical and 

surgical physicians 

entered ABG indication 

at time of order. 

Intervention Fidelity: 

ABG protocol 

developed based upon 

MEDLINE literature 

search and expert 

opinion of medical, 

Dependent Variable: 

Primary: Number of 

ABG samples, 

Indications; Secondary: 

Length of stay, 

mortality rates. 

Measurement tool 

(reliability), time, 

procedure: Protocol 

developed by facility 

based upon literature 

review and expert 

opinion. Reliability data 

not reported for 

protocol tool. 

Indications reported 

from analyzer entries 

subject to 

misinterpretation of 

presumed order 

indication. All levels of 

providers educated on 

ordering practices 

based upon protocol. 

Statistical 

Procedures(s) and 

Results: 

Demographic data 

analyzed with a t-test. 

Analysis of pre and 

post intervention 

groups completed using 

Wilcoxon rank-sum 

test. Further analysis 

was completed using 

multivariate regression 

adjusting for 

demographic factors, 

daily census, hospital 

locations, and total 

admissions. 

 

Following the 

implementation of the 

protocol, the number of 

ABGs decreased 

significantly from 2158 

to 1674 (p=0.001).  

https://doi.org/10.1016/j.hjdsi.2013.09.006
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on Table 1 for 

demographic 

characteristics, 

excluding a significant 

increase in the average 

ICU census after 

protocol institution. 

 

  

surgical, and 

neurological 

intensivists, internists, 

and respiratory 

therapists. 

Indications recorded 

based upon RT’s 

understanding of 

presumed indication 

during pre-intervention 

period.  

Unanticipated under-

utilization of certain 

codes or lack of 

appropriate code (ex: 

post-extubation or 

apnea testing) 

Varying levels of 

expertise of ordering 

providers 

LOS and mortality rates 

retrieved from chart 

review. 

The number of ABGs 

ordered with abnormal 

levels of PaCO2 (65.1-

68.9%, p=0.0155) and 

PaO2 (29.2-34.3%, 

p=0.0007). The percent 

of ABGs with normal 

range values for pH, 

PaCO2, and PaO2 

decreased from 13.3% 

before the intervention 

to 9.6% after the 

implementation of the 

protocol.  

Citation: Koch, C. G., Reineks, E. Z., Tang, A. S., Hixson, E. D., Phillips, S., Sabik, J. F., ... Blackstone, E. H. (2015). 

Contemporary bloodletting in cardiac surgical care. The Society of Thoracic Surgeons, 99, 779-785. 

https://doi.org/10.1016/j.athoracsur.2014.09.062 

Level VI 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“Our objectives were to 

examine the frequency 

of laboratory testing in 

patients undergoing 

cardiac surgery, 

calculate cumulative 

phlebotomy volume 

from time of initial 

surgical consultation to 

hospital discharge, and 

propose strategies to 

reduce phlebotomy 

volume” 

Observational study 

 

6-month period 

Sampling Technique: 

All laboratory testing 

between January 2012 

and June 30, 2012 for 

patients undergoing 

cardiac surgery 

# Eligible: 1894 patients 

undergoing cardiac 

surgery 

# Excluded: Any testing 

performed before or 

after period 

# Accepted: 1894 

# Control: None 

# Intervention: None 

Study Protocol: All 

laboratory tests 

associated with 

accession number, 

blood volume, and 

name.  

Intervention Fidelity: 

Included discarded 

blood as well as 

samples.  

Estimated volumes 

from phlebotomy 

draws, closed system 

and OR draws where 

Dependent Variable: 

Primary: Number of 

laboratory samples and 

volume of phlebotomy 

draws      

Measurement tool 

(reliability), time, 

procedure: No 

measurement tool used. 

No research procedures 

noted. Quantity 

measured by total 

number of samples 

processed. Typical 

phlebotomy routine 

Study Results:  

Total of 221,498 

laboratory tests were 

performed, averaging 

115 tests per patient. 

The most frequently 

performed tests were 

88,068 blood gas 

analyses. Phlebotomy 

volumes differed 

between ICU and 

hospital floors with 

median volumes of 332 

mL and 118mL 

respectively. More 

https://doi.org/10.1016/j.athoracsur.2014.09.062
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Power analysis:  Not 

applicable                                                                                    

Group Homogeneity:  

Single center study, 

limits generalizability. 

Tertiary teaching 

hospital, cardiac surgery 

specific 

Literature Review for 

Intervention 

Recommendations: 

No PRISMA or search 

criteria disclosed. Did 

not include inclusion 

criteria for comparison 

to other hospital cardiac 

surgery phlebotomy 

volume averages. 

blood was returned to 

patient not included. 

Study included 34 tests 

of interest- stratified by 

test allowing analysis of 

ABG samples 

Literature review 

proposed interventions 

that reduced overall 

phlebotomy volume; 

including closed loop 

systems such as arterial 

lines, point-of-care 

testing, batching of 

tests, smaller test tubes 

or syringes. Ability to 

determine phlebotomy 

volumes with high 

accuracy is limited. 

Noted specifically for 

ABGs: there may be a 

role for capnography 

and pulse oximetry in 

decision-making 

surrounding ventilator 

adjustments. 

examined in CVICU 

over one week, line 

discards involved 

volumes of 7 to 10mL 

each. Volume algorithm 

applied to average 

patient day, to also 

include discarded blood 

complex procedures 

were associated with 

higher overall 

phlebotomy volumes 

than isolated 

procedures; e.g., 

combined coronary 

artery bypass grafting 

(CABG) and valve 

procedure median 

volumes was 653 mL 

vs 448 for isolated 

CABG and 338 for 

isolated valve 

procedures.  

Conclusions: 

Excessive bloodletting 

has consequences in 

terms of contributing to 

reductions in 

hemoglobin and 

subsequent need for red 

blood transfusions. 

Implementation of 

process improvement 

initiatives with careful 

monitoring should 

result in reduced 

phlebotomy volumes, 

better use of limited 

resources, and 

improved patient 

outcomes.  
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Citation: Martinez-Balzano, C. D., Oliveira, P., O’Rourke, M., Hills, L., & Sosa, A. F. (2016). An educational intervention 

optimizes the use of arterial blood gas determinations across ICUs from different specialties: A quality-improvement 

study. Chest, 151(3), 579-585. http://doi.org/10.1016/j.chest.2016.10.035 

Level IV 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“We set out to develop 

institutional guidelines 

and an educational 

project with the goals of 

increasing the 

appropriateness of ABG 

tests ordered and to 

decrease the number of 

tests” 

Retrospective quality 

improvement study 

 

Development of ABG 

protocol and 

educational 

intervention of its 

application 

Sampling Technique: 

The absolute numbers of 

ABG tests for all ICUs 

were tracked for the 

calendar year 2015. 

Random sampling of 

ABGs over two 3-week 

periods pre and post 

intervention collected 

retrospectively to 

evaluate appropriateness 

of indications as defined 

by the guideline. 

ABG samples: 

# Eligible: Not listed 

# Accepted: Not listed 

# Control: Not listed. 

Calendar year 2014 

# Intervention: Not 

listed. Calendar year 

2015. 

Exclusions: Venous 

blood gases 

Totals presented in 

Figure 2 with baseline at 

~2000 and 

postintervention at 

~1250 

Power analysis:  Not 

stated                                                                                   

Group Homogeneity:  

Single center study, 

limits generalizability. 

Academic teaching 

hospital. Multiple ICUs 

Control: Current 

standard of practice, 

including routine 

monitoring. 

 

Intervention: 

Development of ABG 

protocol and 

educational 

intervention. 

Documentation of ABG 

indication with order 

 

Intervention fidelity: 

Protocol created with 

expert opinion from 

multidisciplinary team. 

Pilot study of 2 weeks 

in a 16-bed medical 

ICU showed that the 

guideline was feasible 

to execute. All 

members of ICU team 

briefed on protocol 

prior to and at initiation 

of intervention. Number 

of ABG determinations 

and compliance with 

guideline tracked by 

nurse and respiratory 

therapy managers as 

well as authors; 

quarterly meetings to 

reinforce education. 

Clinically indicated 

Dependent Variable: 

Primary: Number of 

ABG determinations. 

Number of clinically 

indicated ABGs 

Secondary: mechanical 

ventilation days, costs, 

volume of blood, 

mortality rates 

Measurement tool 

(reliability), time, 

procedure: Institution-

based guideline 

developed to rate 

clinical indication for 

ABGs. Total quantity 

of laboratory samples 

obtained by medical 

record. No reliability 

data documented.  

Statistical 

Procedures(s) and 

Results: two-tailed t-

test for continuous 

variables. Chi-squared 

test for categorical 

variables. Statistical 

significance defined as 

P<0.05 

 

Reduction of 821 ± 

257.4 ABG 

determinations per 

month (41.5%) or 

approximately one 

ABG determination per 

patient per mechanical 

ventilation day for each 

month (43.1%) after 

introducing guidelines 

(p<0.001).  

 

Appropriately indicated 

tests rose to 83.4% 

from a baseline 67.5% 

(P=0.002). 

 

Conclusion: 

Represents 49L of 

saved blood, reduction 

of $39,432 in costs of 

ICU care, and 1643 

staff hours freed for 

other tasks. 

https://doi.org/10.1016/j.chest.2016.10.035
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included. Control and 

intervention group 

homogenous based on 

no significant p values 

in table 1 for combined 

metrics of before and 

after intervention. 

ABGs rated by nursing 

and respiratory staff 

based upon guideline 

Reduced the number of 

inappropriately ordered 

ABG determinations 

over seven different 

multi-disciplinary ICUs 

without negatively 

impacting patient care.  

Note. Evidence level obtained using Melnyk, B., & Fineout-Overholt, E. (2019). Evidence-based practice in nursing and healthcare. (4th ed.). Philadelphia, 

PA: Wolters Kluwer Health 
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Table 2 

Synthesis table regarding arterial blood gas analysis indications guidelines (n=5 studies) 

Evidence Based Practice Question (PICO): In adult cardiac surgery intensive care patients, would the implementation of a blood gas protocol as compared 

to the current standards of practice, lead to a reduction of non-clinically indicated blood gas sampling? 

Level of 

Evidence 

# of 

Studies 

Summary of Findings Overall Quality 

III 1 DellaVolpe et al. (2014) found that implementing an 

evidence-based protocol for ABG use resulted in fewer 

ABGs/patient/day largely from reduction of routine, daily 

ABGs. The ordering patterns for ABGs shifted towards more 

clinically appropriate/relevant indications. There was no 

change in mortality between groups but was an opportunity 

for significant institutional cost savings of $87,565.   

 

DellaVolpe et al. (2014), Blum et al. (2015), Martinez-

Balzano et al. (2016), Browning et al. (1989), and Koch et al. 

(2015) all support utilization of non-invasive forms of 

monitoring pulse oximetry to reduce frequency of ABGs, 

and Blum et al. (2015), Koch et al. (2015), and Browning et 

al. (1989) support the use of capnography. Furthermore, 

these studies share common indications including changes in 

oxygenation, ventilation, or acid base balances. 

 

B- the study produced reasonably consistent results with a large 

sample size, however no power analysis was performed, 

threatening internal validity. Study based upon multiple ICUs in 

a tertiary teaching hospital, comparable but not specific to 

cardiac surgery ICU population of focus. Had imperfect 

protocol that represented a combination of sparse evidence-

based guidelines, expert opinion, and perceived needs of the 

institution. Study duplicated results of previous ABG protocol 

implementation studies, showing high reliability in guidelines.  

IV 3 Blum et al. (2015) and Martinez-Balzano et al. (2016) found 

a significant decrease in ABG determinations after 

implementation of indication guidelines without significant 

differences in ICU mortality rates. Blum et al. (2015) also 

found a significant decrease in the number of ventilator days 

per patient and a shorter length of stay for ventilated patients 

with the intervention.  

 

Browning et al. (1989) also found a significant decrease in 

ABG analyses after implementing guidelines for indications, 

however it did not examine mortality rates, mechanical 

ventilator days, or length of stay. 

 

 

 

B- the study is a retrospective, but small sample size of 300 

patients with no reported power analysis. Results are reasonably 

consistent, but may have been impacted by simultaneous change 

in sedation choices. No systematic review of literature included 

for formation of guidelines, but lists many decent quality 

studies.  

 

 

B, the study is retrospective, but had a large sample size and the 

results were consistent. Researchers accounted for physician 

experience levels dramatically altering with influx of new 

residents in July, strengthening homogeneity. Landmark study 

therefore has no literature besides expert opinion identifying 

clinical criteria used to rate appropriateness of testing. 
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Martinez-Balzano et al. (2016) is the largest intervention for 

ABG analysis optimization reported to date. The study 

demonstrated the ability to feasibly and safely implement the 

indications guidelines over multiple ICUs of different 

specialties. Encouraged use of pulse oximetry and  

 

 

B, the study has a large sample size, but does not include exact 

totals in their analysis, making it difficult to identify cohort sizes 

pre and post intervention. No power analysis performed. Has 

good generalizability due to multiple ICU setting, but is not 

specific to cardiac surgery ICU population of focus. 

VI 1 Koch et al. (2015) specifically evaluated the frequency of 

laboratory testing in patients undergoing cardiac surgery. 

They found ABGs were the most frequently performed tests. 

They concluded that implementation of performance 

improvement initiatives such as smaller volume sample sizes 

and closed loop devices. They suggested there may be a role 

for capnography and pulse oximetry in decision-making 

surrounding ventilator management. This study evaluated all 

laboratory specimens vs ABG specific, and followed patients 

from time of surgical consult to discharge, not just during 

their ICU stay.  

C, the study is observational and descriptive in design and does 

not have an intervention. Recommendations were given for 

further research of potential interventions. Measurement of 

blood volume is estimated, posing a potential threat to 

reliability.  

Note. Quality rating tool used from Newhouse, R. (2006). Examining the support for evidence-based nursing practice. Journal of Nursing Administration, 

36(7), 337-340 
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Appendix A 

Indication Audit Tool 
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Appendix B 

Indications Audit Spreadsheet 

ABG Indications 

Patient Location Diagnosis Date Time 
Who 
Ordered 

Reason 
for 
ABG 

Most 
Important 
Parameter 

Expected? 

Y=1 

Influenced 
Mgmt?    
Y=1 

Diagnosis 
Comments 

Pulse 
Ox EtCo2 

Poor 
Quality 
Waveform? 

Intubated? 
Y=1 

Pts 
Mental 
Status? 
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Appendix C 

Medical Record Number and Pseudo-Identifier Chart 

Patient Medical Record Number Pseudo-Identifier Number 
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Appendix D 

ABG Sample Gross Totals Audit 
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Appendix E 

ABG Weekly Gross Totals Run Chart 
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Appendix F 

ABG Weekly Gross Totals Run Chart per Patient Census 
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Appendix G 

Staff Nurse Pre and Post Survey 
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Appendix H 

Provider Pre and Post Survey 
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Appendix I 

CSICU ABG Indications Algorithm 
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Appendix J 

Provider and Staff Education 
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Appendix K 

Staff and Provider Progress Report
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