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BACKGROUND: Usual practice in community health-care settings indicates that arterial catheters
are inserted by physicians. In the context of a respiratory therapist (RT)-managed arterial catheter
placement protocol being implemented in our community hospital, the current study describes the
implementation and outcomes of this RT-managed arterial catheter insertion and maintenance
program. METHODS: Tuality Healthcare is a 215-bed community health-care system (10-bed ICU)
in Hillsboro, Oregon. With the goal of enhancing the quality of ICU care, an RT-managed multidisciplinary team was implemented to lead the delivery of protocolized ventilator liberation, arterial
catheter insertion, and arterial blood gas utilization. Preparation for the program included didactic
teaching, simulation-based training, and precepted procedural experience. A database was created
for audit and quality improvement purposes. Outcomes and arterial blood gas utilization data were
obtained from the audit database and from the hospital electronic health record. RESULTS:
During the 4-y period (March 1, 2012, to April 31, 2016), 256 arterial catheter insertion attempts
were made by a team of 12 qualified RTs. The success rate for the initial placement attempt by RT
was high (94.5% [242 of 256]). Sixty-three percent of arterial lines were placed in patients to help
manage severe sepsis/septic shock. No ischemic or infectious complications were reported during
the study period. Nearly 40% (96 of 242) of the successful placements by RTs on initial attempts
were performed during the night shift, when intensivists were not physically present in the ICU.
CONCLUSIONS: This experience establishes the feasibility of an RT-managed arterial catheter
placement program in a community ICU. The RT-managed program was characterized by a high
degree of success and safety and allowed arterial catheter placement at times when intensivists were
not available in the ICU. This experience extends the sparse reported experience of RT-managed
arterial catheter placement programs and underscores the value of RTs as members of the ICU
team. Key words: respiratory therapist-managed arterial catheterization program; arterial catheterization; respiratory care protocols. [Respir Care 2017;62(12):1520 –1524. © 2017 Daedalus Enterprises]

Introduction
Arterial catheters are a mainstay of ICU care in the
United States, with utilization frequencies of 22–35%1

among the 4.14 million ICU admissions each year.2 Arterial catheters are used for directing hemodynamic management and for delivering protocolized care.
Usual practice in non-academic medical centers is for
physicians to place arterial catheters in the ICU. In the
context of widespread overall adoption of respiratory ther-
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apy protocols in academic ICUs in the United States, 2
reports describe experience with respiratory therapist (RT)managed arterial catheter programs,3,4 but none is available regarding experience from a community hospital ICU.
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To extend the reported favorable experience with RT protocols, the current report describes our experience with an
RT-managed arterial catheter program in a community hospital in Oregon.
Methods
In the context of this observational study, an RT-managed
arterial catheterization program (see the supplementary methods at http://www.rcjournal.com) was implemented at Tuality Healthcare, a 215-bed community hospital with a 10-bed
ICU, on March 1, 2012. In this program, RTs were responsible for initial evaluation for arterial catheter insertion, set-up
of a blood-conserving pressure line, arterial catheter insertion, and daily line maintenance. The current study reports
the observed experience with this program for the 4-y interval
between March 1, 2012, and April 31, 2016.
Tuality Healthcare’s ICU incorporated a Leapfrog-compliant high-intensity model5 in November 2011, which included as key features: intensivist co-management with
admitting hospitalists, daily multidisciplinary rounds (ICU
doctor, pharmacist, registered nurse, RT, physical therapist,
case management registered nurse, and an infection control
practitioner), and ICU directorship by an intensivist.
Intensivists were present in the ICU during daytime
hours and were available through a telemedicine-enabled
intermediary at night. Admissions and nighttime crosscoverage were delivered by admitting hospital medicine
practitioners. A total of 2 pulmonary/critical care practitioners comprised the critical care group during the study
period. During the night, emergent critical care interventions, such as insertion of endotracheal tube and central
venous catheters, were performed by in-house emergency
medicine physicians and anesthesiologists. Before the introduction of the RT-managed arterial catheter program,
the birth unit’s mid-level anesthesia practitioner was consulted if an arterial catheter was deemed necessary during
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QUICK LOOK
Current knowledge
Respiratory therapist (RT)-led protocolized care has
been shown to be effective. The safety of RT-managed
arterial catheter insertion and maintenance protocols
has been sparsely described only in academic and large
community health-care systems.
What this paper contributes to our knowledge
An RT-managed arterial catheter program can be established in a small community hospital ICU with a high
degree of technical success and safety. The availability of
RTs to place arterial catheters at times when physicians
were unavailable in this setting suggests that such programs can also enhance the timeliness of ICU care.

the night. As part of an ICU quality initiative, several
programs were implemented in 2012, namely a ventilator
liberation protocol and an RT-managed arterial catheterization program, which also allocated decisions regarding
drawing arterial blood gases to RTs.
Careful planning for the program was required because
none of the RTs had prior experience in placing arterial
catheters. Criteria for RT inclusion included having ⱖ5 y
of critical care experience and a willingness to engage in
the training to participate.
Pre-implementation activities included didactic teaching sessions, simulation-based training programs, and precepted experience. RTs were trained to use the Arrow
20Ga catheterization kit (REF RA-04020, Teleflex, Morrisville, North Carolina) and the handheld dopplex D900
vascular Doppler probe (ArjoHuntleigh, Addision, Illinois).
During the pre-implementation didactic phase, RTs were
educated regarding the indications for arterial catheter insertion, device set-up, contraindications, complications,
proper placement technique, and arterial catheter troubleshooting. Training included implementation of infection
prevention bundles comprising hand hygiene, aseptic technique, maximal sterile barrier precautions during insertion,
optimal catheter site selection, and catheter site dressing
regimens. After successful completion of the competency
checklist and 5 successful precepted insertions, the RT
was allowed to place arterial catheters without a preceptor.
A comprehensive module including the learning objectives, teaching materials, a post-test, and a checklist for
demonstrating acquired competency are presented as online (see supplementary methods).
A database (Excel, Microsoft, Redmond, Washington)
was created for audit and quality improvement purposes.
Data fields were defined a priori and included: the name of
the RT performing the insertion, the date of attempted
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cannulation, use of Doppler guidance, diagnostic indications for arterial catheter placement, and all complications
(including catheter-related complications) recorded during
the ICU stay. In keeping with widespread practice for
implementing RT protocol programs, a physician order
requesting RT placement of an arterial catheter was required. After the arterial catheter was placed, the protocol
mandated use of a closed blood draw system6,7 and daily
monitoring by the ICU doctor/registered nurse/infection
control practitioner team to ensure functionality and to
assess for any signs of infection. The Centers for Disease
Control definition of catheter-related bloodstream infection8 was used, and all such instances were reported to the
National Healthcare Safety Network database by the institution’s infection preventionist. The protocol also mandated daily discussions during multidisciplinary rounds
about the continued need for an arterial catheter. All complications related to arterial catheters (eg, pseudoaneurysms, septic thromboarteritis, and bleeding after removal)
were assessed by the rounding intensivist and recorded
during the multidisciplinary rounds for entry into the study
database.
After an initial 4-member team was formed, the program was officially implemented on March 1, 2012. Postimplementation activities included an experiential model
of learning, annual competency renewal, and incorporation of direct feedback from physicians and nursing staff
on the proceduralists’ practice.
Arterial blood gas volumes during each fiscal year and
data about annual ICU admissions were extracted from the
hospital electronic health record (Cerner, Kansas City, Missouri). Data regarding average daily ICU census were obtained from the hospital’s Department of Finance comparative statistical report. This descriptive study of an
implemented ICU practice was reviewed by the Western
Institutional Review Board (Puyallup, Washington) (submission 1-991652-1) and was deemed exempt from the
need for individual patient consent.
Results

Table 1.

Indications for Arterial Catheter Placement Grouped by
Primary Diagnosis: 2012–2016

Primary Diagnosis

Number Performed*

Severe sepsis/septic shock
Acute respiratory failure/ARDS
Sudden cardiac death
Others

158
30
35
27

* There were 242 insertions by RTs on initial attempt, and 8 insertions by RTs and others
following an initial unsuccessful attempt, for a total of 250 insertions. We excluded 3
unsuccessful attempts and 3 instances where further attempts were not pursued.

(n ⫽ 4, 1.5%). Notably, 40% (96 of 242) of the successful
placements on initial attempts were performed during the
night shift, when intensivist physicians were not physically present in the ICU.
Of the 14 unsuccessful initial placement attempts, in 4
instances, the AC was ultimately successfully placed by a
different RT; in 3 instances, a femoral AC was placed by
an intensivist physician; in 3 cases, intensivists were also
unable to place an AC; in 1 instance, a radial AC was
placed by a cardiac surgery registered nurse; and in 3
instances, no further attempts to place an AC were undertaken.
No ischemic complications or further diagnostic studies
(ie, MRI, ultrasound, angiogram) or interventions (ie, heparin, thrombolytics, surgery) were reported. A case of inability to achieve hemostasis with digital pressure after the
removal of radial artery catheter was recorded. A total of
7 bloodstream infections related to arterial catheter use
were recorded over the 4 y of the study (2 in 2011, none
in 2012–2014, 3 in 2015, and 2 in 2016). In no case of a
bloodstream infection was the arterial catheter in place for
⬎2 calendar days before the event.
The annual number of arterial blood gas analyses performed in the ICU steadily declined (Fig. 1) over the study
interval (from 874 in 2011 to 319 in 2015), whereas the
number of annual ICU admissions was largely unchanged.
Average daily ICU census ranged from 3 to 4 over the
study interval.

During the study period (March 1, 2012, to April 31,
2016), 12 of 16 total RTs on staff (75%) successfully
completed the credentialing process. A total of 256 arterial
catheter insertion attempts were undertaken, and successful placement on the initial placement attempt was documented in 242 instances (94.5%; 226 radial, 15 brachial,
and 1 dorsalis pedis placement locations). Arterial catheter
placements universally employed a handheld Doppler probe
(dopplex D900 vascular Doppler probe) and indications
for catheter placement are described in Table 1. Indications grouped in the “Others” category include cardiogenic
shock (n ⫽ 11, 4.2%), hypertensive urgency (n ⫽ 6, 2.3%),
anaphylactic shock (n ⫽ 6, 2.3%), and drug overdose

In keeping with prior experience, which was limited to
a teaching hospital and a large community hospital,3,4 this
report shows that an RT-managed arterial catheter insertion and maintenance program can be successfully and
safely implemented over 4 y in a community mixed ICU.
The study findings add to the substantial experience in
which RTs can assume expanded roles in the care of ICU
patients9-13 and can contribute to enhanced quality and
patient safety, which is a major current focus in health
care. In 2001, the Institute of Medicine provided an ana-
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Fig. 1. Trends in arterial blood gas (ABG) utilization compared with ICU admissions (2010 –2015).

lytical framework of health-care quality based on 6 domains: patient-centered, timely, efficient, effective, equitable, and safe care.14 This experience aligns with the
Institute of Medicine report by demonstrating that RTs can
place arterial catheters safely and in a timely way. For
example, 40% of the arterial catheters placed in this series
were placed during the night, which was facilitated by the
24/7 presence of RTs in the ICU. Were it not for the RT
availability during the night, placement of these arterial
catheters might have been delayed.
In demonstrating that a task such as arterial catheter
placement (which has traditionally been delegated only to
physicians) can be safely assumed by RTs, this experience
also adds to the expanded scope of practice that allied care
practitioners can take on (physician, RT,13 nurse practitioner,15 and physician assistant16 teams), thereby contributing to top-of-license initiatives. That RTs are functioning
at the top of their license in placing arterial catheters also
contributes to optimizing the efficiency of intensivists and
may favorably affect physician burnout.17 Experts have
used complexity science18,19 to better understand workflow,20 collaborative work,20 and patient safety in the ICU.21
In this context, an RT, and especially one who is functioning at top-of-license, is an important contributor to the
diversity and robustness of a complex adaptive system,
such as the ICU.
Although insertion of arterial catheters is a common
practice in the ICU, experts have raised concerns about
their effectiveness.22-24 Consequences related to overutilization, such as anemia of chronic investigation25,26 and
promotion of overtesting7,23 (arterial blood gas analysis
costs) with no attendant improvement in outcomes such as
survival24 help inform the debate regarding the value of
placing arterial catheters. At the same time, arterial cath-

eters continue to be important in helping guide resuscitation of shock in most instances; for example, 62% of subjects received arterial catheter-directed resuscitation in the
usual care arm of the ProMISe trial.27 Although definite
attribution is difficult, it is noteworthy that the number of
arterial blood gas analyses ordered in our ICU decreased
over the time that the RT-led insertion program was implemented. We speculate that this reduction may reflect an
impact of the program. For example, much attention was
given to achieving interdisciplinary consensus about indications for arterial catheter use before the program was
launched and incorporating this program as part of a wider
ICU quality improvement project based on protocolizing
care. Co-interventions (ventilator liberation order sets utilizing noninvasive assessment of oxygenation and ventilation) probably also contributed to the observed reduction
in arterial blood gas analysis utilization.28
This study has limitations. First, the data are observational without concurrent or historical controls. Data regarding outcomes of the few physician-placed arterial catheters during the 4-y study interval (eg, in the operating
room or cardiac catheterization laboratory) were unavailable, precluding comparison of RT with physician performance. Still, the high rate of successful initial placement
and the low rate of complications with RT-placed arterial
catheters in this study reinforce the success of the program
and advance proof-of-concept that such programs can be
effective in small, community-based ICUs. As a second
limitation, some process measures regarding catheter use
were unavailable (eg, the amount of time an arterial catheter was left in the vessel, the volume of blood drawn, and
the incidence of new anemia over the course of ICU stay).
Third, ideally, an analysis of arterial catheter utilization
would compare length of ICU stay rather than ICU admis-
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sions to fully consider the time over which arterial catheter
placement was possible. Data on length of stay in the ICU
could not be extracted from the hospital’s electronic medical record.

12.

Conclusions

13.

In summary, our study shows that an arterial catheter
insertion and maintenance program managed by RTs can
be implemented in a non-teaching community hospital ICU
and that the program can deliver effective and safe care.
This RT-managed program facilitated placement of arterial catheters at times when physician intensivists were not
available, thereby potentially enhancing the timeliness of
care as well. This experience establishes the feasibility of
establishing an RT-managed arterial catheter program in a
small community hospital ICU and extends the sparse reported experience with such programs.
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