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Abstract:

Background: Arterial catheterization is a cornerstone in critical care and perioperative medicine, enabling
continuous blood pressure monitoring and frequent arterial blood sampling. Despite its clinical utility, the
procedure carries risks such as infection, thrombosis, and ischemia, necessitating evidence-based
management strategies.

Aim: To provide a comprehensive review of arterial line indications, anatomy, insertion techniques,
complications, and best-practice maintenance protocols to enhance patient safety and optimize outcomes.
Methods: This narrative review synthesizes current evidence and clinical guidelines on arterial line
management, focusing on site selection, sterile technique, ultrasound guidance, equipment readiness, and
multidisciplinary roles. Literature sources include peer-reviewed studies and consensus recommendations.
Results: Radial artery cannulation remains the preferred site due to accessibility and collateral circulation,
while femoral and brachial sites are reserved for specific clinical contexts. Ultrasound guidance
significantly improves first-pass success and reduces complications. Infection prevention hinges on
maximal sterile barriers and disciplined maintenance, while neurovascular monitoring mitigates ischemic
risk. Reported complication rates range from 10—13% in adults and approximately 10% in pediatrics, with
infection and thrombosis being most common. Interprofessional collaboration—particularly nursing and
pharmacy involvement—strengthens safety and efficacy.

Conclusion: Arterial line management requires a structured, indication-driven approach integrating
technical precision, infection control, and vigilant monitoring. Ultrasound guidance, standardized
protocols, and team-based care reduce complications and preserve the clinical benefits of invasive
hemodynamic monitoring.

Keywords: Arterial catheterization, invasive monitoring, radial artery, ultrasound guidance, infection
prevention, critical care.

Introduction:
Arterial catheterization, commonly referred to as arterial line placement, represents a foundational modality
in contemporary critical care, emergency medicine, and perioperative practice, enabling high-fidelity
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hemodynamic assessment in patients whose clinical status may change rapidly. Unlike intermittent
noninvasive cuff measurements—which can be unreliable in shock states, during vasoactive infusions, or
with substantial arrhythmia—arterial lines provide continuous beat-to-beat blood pressure monitoring and
waveform analysis. This capability is particularly valuable when clinicians must titrate vasopressors,
inotropes, or antihypertensive agents with precision, or when rapid detection of hypotensive episodes is
essential to mitigate end-organ hypoperfusion. In addition, arterial access allows for repeated blood
sampling without repeated venipuncture, facilitating frequent arterial blood gas (ABG) analysis and
laboratory monitoring in patients with respiratory failure, complex acid—base disturbances, or high
ventilatory requirements. In clinical practice, arterial catheters are most commonly inserted into the radial
artery because of its superficial location, relative ease of cannulation, and the presence of collateral
circulation via the ulnar artery. However, femoral and brachial arterial access may be selected when radial
access is not feasible, when higher-flow access is required, or when clinical circumstances demand rapid
placement. Each site choice introduces distinct technical and risk considerations. Femoral lines can be
advantageous in profound hypotension or cardiac arrest due to larger vessel caliber, yet they may carry
higher infection risk and may complicate mobilization. Brachial lines can provide reliable waveform
transmission but have less robust collateral circulation than the radial artery, increasing concern for distal
ischemic complications. Therefore, site selection should be individualized to patient anatomy,
hemodynamic urgency, anticipated duration of monitoring, and the overall risk profile [1][2].

Despite their proven utility, arterial lines are not benign devices. Their invasive nature confers risks that
range from minor local complications to limb-threatening events. Infectious complications may occur via
catheter colonization or insertion-site contamination, particularly with prolonged dwell times, breaks in
aseptic technique, or inadequate line maintenance. Thrombotic complications can result from endothelial
injury, low-flow states, hypercoagulability, or suboptimal catheter positioning, potentially leading to arterial
occlusion. Distal ischemia is a feared complication, especially in patients with peripheral vascular disease,
vasopressor-induced vasoconstriction, or limited collateral circulation. Additional concerns include
bleeding, hematoma formation, pseudoaneurysm, accidental dislodgement, and catheter-related
embolization. These risks underscore that arterial line care extends far beyond successful insertion; it
requires structured maintenance protocols, meticulous dressing care, strict hub disinfection, and continuous
neurovascular assessment to identify early warning signs of compromised perfusion. Accordingly, best-
practice arterial line management depends on competency-based insertion technique and ongoing vigilance
by the multidisciplinary team. Nursing professionals play a central role in waveform interpretation, site
surveillance, troubleshooting damping or artifact, and ensuring adherence to infection-prevention
standards. Pharmacists contribute by supporting safe titration of vasoactive infusions, recognizing drug-
induced hemodynamic patterns, and advising on anticoagulation or antiplatelet considerations that may
influence bleeding and thrombosis risk. This review examines the indications, placement techniques,
common complications, and clinical applications of arterial lines, with an emphasis on patient safety,
evidence-informed practice, and the readiness to intervene promptly when complications arise.[1][2]
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Fig. 1: Arterial Line.

Anatomy and Physiology

Arterial catheter placement is fundamentally an anatomic and physiologic intervention: the clinician is
accessing a high-pressure, pulsatile vessel to obtain continuous pressure transduction and reliable arterial
sampling while simultaneously preserving distal perfusion and minimizing neurovascular injury. The
selection of an arterial line site is therefore determined by a balance among vessel caliber, accessibility,
stability of the arterial waveform, proximity to neural and venous structures, the presence or absence of
collateral circulation, and patient-specific factors such as shock physiology, vasopressor exposure,
peripheral vascular disease, coagulopathy, and anticipated duration of monitoring. Because arterial
waveforms reflect both central hemodynamics and local vascular properties, the physiologic interpretation
of an arterial trace also depends on where the catheter is positioned within the arterial tree. More peripheral
sites may demonstrate amplified systolic pressure and wider pulse pressure due to wave reflection and
decreasing arterial compliance, whereas more central sites may provide values closer to aortic pressure and
often yield waveforms that are less susceptible to damping from peripheral vasoconstriction. The radial
artery is the most frequently chosen site in adult practice because of its superficial course at the volar wrist,
case of palpation, and practical advantages for nursing care and securement. Anatomically, the radial artery
runs laterally in the forearm and becomes readily accessible between the radial styloid and the flexor carpi
radialis tendon. Physiologically, radial cannulation is generally well tolerated because the hand receives
dual arterial supply through the radial and ulnar arteries, which communicate via the superficial and deep
palmar arches. This collateral network is clinically important: if the radial artery becomes thrombosed or
occluded after cannulation, the ulnar artery can often maintain hand perfusion. For that reason, clinicians
have traditionally assessed collateral circulation before cannulation, especially when prolonged catheter
dwell time is anticipated or when the patient is at increased risk of thrombosis. The Allen or modified Allen
test is commonly used to assess the patency of the ulnar artery by temporarily occluding both arteries,
allowing the hand to blanch, then releasing ulnar compression to observe the speed of reperfusion.[3][4]
Although widely taught and frequently performed, the Allen test has limitations. It is operator dependent,
can be influenced by patient cooperation, and may not reliably predict ischemic complications, leading
some studies and guidelines to question its routine use and to suggest that its predictive value is imperfect.
Consequently, practice varies: many clinicians still perform it as a low-cost bedside screen, whereas others
rely on clinical judgment, Doppler assessment, or proceed directly with cannulation when urgency and
overall risk-benefit favor rapid access [3][4].

The femoral artery represents another major access site, particularly in emergencies, peri-arrest states, or
situations where peripheral perfusion is poor and radial pulses are absent or unreliable. Anatomically, the
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common femoral artery lies within the femoral triangle below the inguinal ligament and is typically large
and easily palpable, even in hypotension. This larger caliber supports more consistent waveform
transmission, and femoral lines often remain functional when intense peripheral vasoconstriction produces
damping and artifact at more distal sites. However, femoral access introduces distinct risks. The groin is a
region with higher bacterial colonization, and catheter care may be complicated by perspiration,
incontinence, and challenges maintaining a clean, adherent dressing. Accordingly, femoral arterial lines are
associated with a higher risk of infection compared with some upper extremity sites. Vascular complications
are also clinically relevant at the femoral site, including hematoma formation, retroperitoneal bleeding if
puncture occurs above the inguinal ligament, pseudoaneurysm development, and arteriovenous fistula
formation when the femoral vein is inadvertently punctured. In patients receiving anticoagulation or with
coagulopathy, these bleeding risks become more pronounced, requiring careful site selection and
meticulous technique. The brachial artery is occasionally cannulated but is generally less preferred.
Anatomically, it courses in the antecubital fossa and medial upper arm and lies in close proximity to the
median nerve. This relationship increases the risk of nerve irritation or injury during cannulation and
contributes to patient discomfort. Physiologically, the brachial artery has limited collateral circulation
compared with the radial site; therefore, thrombosis or occlusion can pose a greater risk of distal ischemia.
These anatomic and perfusion considerations explain why brachial arterial lines are often reserved for
situations in which radial access is not feasible and femoral placement is undesirable or contraindicated
[LI[21[3][4]-

More proximal upper-extremity access, such as the axillary artery, may be chosen less commonly, typically
in specialized settings. The axillary artery can provide a more central pressure measurement and may
preserve patient mobility compared with femoral access, while also avoiding the groin’s higher
contamination risk. Nevertheless, axillary cannulation can be technically more demanding, and the
proximity to the brachial plexus and surrounding vascular structures requires advanced operator skill,
ultrasound guidance, and careful securement to prevent dislodgement. When upper extremity access is
contraindicated—such as with extensive burns, trauma, vascular surgery considerations, or dialysis
access—the dorsalis pedis and posterior tibial arteries may be used. These distal lower-extremity arteries
are anatomically accessible at the foot and ankle, but they are more susceptible to physiologic limitations.
Peripheral vasoconstriction, common in shock states and during vasopressor therapy, can reduce pulsatility
and compromise waveform fidelity, leading to damping and artifact that complicate blood pressure
interpretation. In addition, distal arteries are smaller and may occlude more readily, especially in patients
with diabetes or peripheral arterial disease. As a result, lower-extremity arterial lines may require closer
neurovascular monitoring, cautious interpretation of pressure values, and heightened awareness that the
waveform may not reflect central hemodynamics accurately under conditions of severe vasoconstriction.
In summary, arterial line anatomy and physiology intersect in clinically meaningful ways: vessel location
and size affect cannulation success; collateral circulation determines ischemic risk; proximity to nerves
influences procedural safety; and arterial tree position shapes waveform characteristics and measurement
accuracy. Effective site selection and interpretation therefore require an integrated understanding of
vascular anatomy, the patient’s hemodynamic state, and the specific monitoring objectives at the bedside
[3][4].

Upper Extremity Vasculature

Arterial line placement in the upper extremity is largely favored in clinical practice because these sites often
provide reliable waveforms, comparatively lower infectious risk than groin access, and improved feasibility
for nursing care and patient mobilization. Among upper extremity vessels, the radial artery remains the
preferred and most frequently cannulated site due to its accessibility, superficial location, and the
physiologic safeguard conferred by collateral perfusion through the palmar arch network. Anatomically, the
radial artery originates in the cubital fossa as a terminal branch of the brachial artery and courses along the
lateral aspect of the forearm before contributing to the deep and superficial palmar arches that supply the
hand. At the wrist, it lies proximal and medial to the radial styloid process and lateral to the flexor carpi
radialis tendon, a relationship that provides a dependable surface landmark for both palpation and
ultrasound-guided cannulation. Clinically, the radial pulse is typically palpated superficially in the thenar
region near the radiocarpal joint and is best appreciated slightly medial to the extensor tendons of the thumb.
From a procedural perspective, the optimal puncture point for radial arterial cannulation is commonly
located at the distal portion of the wrist over the most prominent pulse, frequently near the proximal flexor
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crease. Positioning the puncture site at least one centimeter proximal to the styloid process is recommended
to reduce the risk of injuring the flexor retinaculum (retinaculum flexorum) and to avoid inadvertent
puncture of the small superficial branch of the radial artery, thereby improving the likelihood of
uncomplicated catheter advancement and minimizing local bleeding or hematoma formation. The ulnar
artery constitutes the complementary vascular supply to the hand and is situated on the volar aspect of the
wrist at the ulnocarpal joint, opposite the radial pulse. Distally, it divides into branches that unite with
corresponding branches of the radial artery, forming the extensive collateral network known as the
superficial and deep palmar arches. This anatomic collateralization is clinically significant because it
underpins the hand’s capacity to maintain perfusion even if one arterial conduit is compromised.
Nevertheless, the ulnar artery is less commonly selected for arterial catheterization because it is often
smaller in caliber and less readily palpable than the radial artery, making cannulation more technically
challenging, particularly in hypotensive states or in patients with peripheral vasoconstriction. Even so, ulnar
access can remain a reasonable alternative when radial access is contraindicated, has failed, or has been
exhausted due to prior cannulation or vascular injury, provided that careful assessment of distal perfusion
and catheter function is maintained [3][4][5].

More proximally, the axillary artery offers an alternative route for arterial monitoring in selected clinical
contexts, typically when peripheral sites are unavailable or unreliable. The axillary artery is best delineated
when the arm is abducted, as this positioning exposes the superficial axillary region and clarifies its
relationship to adjacent musculature. It courses in close association with the pectoralis minor and can often
be palpated slightly lateral to the belly of the pectoralis major muscle. Importantly, the axillary artery and
vein travel alongside the cords of the brachial plexus, forming a neurovascular bundle, which increases the
procedural stakes of cannulation: success requires careful technique, frequently ultrasound guidance, and
heightened awareness of potential nerve injury. Axillary catheterization is generally considered a secondary
option, used when distal arterial cannulation cannot be achieved and when femoral access is undesirable
due to infection risk, mobility goals, or local contraindications. When the catheter can be advanced
successfully toward the subclavian artery, the resulting waveform more closely approximates central arterial
pressure, offering a hemodynamic signal that may be less distorted by peripheral vasoconstriction. The
brachial artery represents the principal arterial conduit of the upper limb and is anatomically an extension
of the axillary artery, beginning at the inferior border of the teres major muscle. It travels along the ventral
surface of the arm, distributing multiple branches—including the profunda brachii (deep brachial) artery
and the superior and inferior ulnar collateral arteries—before terminating in the cubital fossa where it
bifurcates into the radial and ulnar arteries. Despite its caliber and accessibility, brachial arterial
catheterization is not routinely favored because distal collateral flow is less robust compared with the radial
artery’s palmar arch network, and occlusion at this level can jeopardize perfusion of the distal upper
extremity. Accordingly, brachial cannulation is typically reserved for complex surgical cases or patients
with multiple, difficult-to-access sites where the benefits of reliable monitoring outweigh the elevated
ischemic risk, and where close neurovascular monitoring can be ensured throughout catheter dwell time
[21[31[5].

Lower Extremity Vasculature

Lower extremity arterial access is often used when upper extremity options are limited by trauma, burns,
vascular surgery considerations, dialysis access preservation, or severe peripheral vasoconstriction that
compromises waveform reliability. The femoral artery is a common choice in emergency and critical care
environments due to its large caliber and reliable palpability, even in hypotension. It originates at the level
of the inguinal ligament as a continuation of the external iliac artery, passing beneath the inguinal ligament
at a point approximately midway between the anterior superior iliac spine and the pubic tubercle. In the
femoral triangle, the artery is positioned medial to the femoral nerve and lateral to the femoral vein and
lymphatics, a relationship that guides safe access and underscores the importance of precise landmarking
or ultrasound guidance to avoid venous puncture and hematoma formation. Physiologically, the femoral
artery supplies the majority of the lower extremity, and complete obstruction can result in critical limb
ischemia, as there are no collateral pathways that can reliably compensate for proximal occlusion. For
procedural safety, cannulation should occur about 2.5 cm below the inguinal ligament. This location
facilitates effective compression for hemostasis and reduces the risk of retroperitoneal or pelvic bleeding,
which can occur if puncture is performed too proximally and cannot be compressed adequately. Distal lower
extremity options include the dorsalis pedis and posterior tibial arteries, which can be particularly useful
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when proximal access is contraindicated or when upper extremity access is not feasible. The dorsalis pedis
artery is a continuation of the anterior tibial artery, emerging at the distal tibia between the malleoli and
running superficially over the dorsum of the foot. It passes over the talus and navicular toward the first
dorsal interosseous space, where it becomes the first dorsal metatarsal artery. Clinically, it can be palpated
lateral to the extensor hallucis longus tendon, or alternatively medial to the extensor digitorum longus
tendon, typically distal to the dorsal prominence of the navicular bone, a consistent landmark that supports
bedside identification. One advantage of dorsalis pedis cannulation is the presence of collateral circulation
within the foot, which can reduce the risk of catastrophic ischemia if occlusion occurs. For this reason,
dorsalis pedis access is often considered relatively favorable in children. In adults, however, comorbidities
such as diabetes mellitus and peripheral arterial disease are more common and can reduce collateral reserve
and increase the risk of thrombosis, ischemia, and impaired healing at the cannulation site, making careful
selection and close monitoring essential. The posterior tibial artery provides the other major arterial supply
to the foot and is responsible for perfusing the posterior compartment of the leg as it courses posterior to
the popliteus muscle, passes through the region associated with the soleus, and descends between the tibialis
posterior and flexor digitorum longus muscles. Near the level of the talus, it bifurcates into the medial and
lateral plantar arteries, which contribute significantly to plantar perfusion. Clinically, the posterior tibial
pulse is palpated posterior to the medial malleolus in the groove between the malleolus and the Achilles
tendon. While this site can be valuable when dorsalis pedis access is not possible, the artery is generally
smaller in caliber and therefore more vulnerable to occlusion, particularly in vasoconstricted states or in
patients with peripheral arterial disease. This greater occlusion risk necessitates heightened attention to
distal perfusion assessments, including skin temperature, capillary refill, color, pain, and motor/sensory
integrity [3][4][5].

Table. 1: Arterial lines.
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peripheral
punctures.

Other Vessels

Although far less common, several other vessels have been utilized for arterial catheterization in highly
specialized circumstances. The superficial temporal artery, a branch of the external carotid artery, can be
palpated in the temporal region anterosuperior to the ear. Reports describe its rare use in interventional
contexts, such as cardiac stenting in patients with severe iliac disease, where conventional access routes are
limited.[5] Such approaches are atypical and require advanced expertise due to the vessel’s location, small
caliber, and proximity to cranial structures. In neonatal practice, the umbilical artery constitutes a unique
and clinically important access route. At birth, the umbilical cord typically contains two umbilical arteries
and one umbilical vein. The umbilical stump naturally involutes within the first days of life, but before
involution occurs, the umbilical arteries—continuations of the internal iliac arterial system—remain
accessible and can be cannulated for arterial pressure monitoring and blood sampling in critically ill
neonates. Umbilical arterial catheterization provides reliable monitoring and sampling while avoiding
repeated peripheral punctures in very small patients, though it carries its own risks and requires strict
protocols for placement verification and complication surveillance. Across all sites, vascular anatomy
informs both the feasibility and the safety of arterial line placement. Understanding vessel course, surface
landmarks, collateral circulation, and relationships to nerves and veins is essential not only for successful
catheterization but for anticipating complications and implementing vigilant monitoring that protects limb
perfusion and patient outcomes [5].

Indications

Indwelling arterial catheters are indicated when clinicians require high-resolution hemodynamic data and
reliable arterial access that cannot be achieved safely or accurately through noninvasive means. Their core
clinical value lies in two capabilities: continuous, beat-to-beat measurement of arterial blood pressure and
repeated acquisition of arterial blood for laboratory analysis. In critically ill and perioperative patients, these
functions often become indispensable because the physiologic state can fluctuate rapidly and because
therapeutic decisions—particularly fluid resuscitation and vasoactive medication titration—may need to be
adjusted minute by minute. When used appropriately, arterial catheters enhance situational awareness of
cardiovascular status, improve the timeliness of interventions, and reduce repeated venipuncture. However,
because arterial cannulation is an invasive procedure with recognized risks, routine placement without a
clear indication is discouraged. Unnecessary cannulation increases exposure to complications such as
infection, thrombosis, hematoma, and distal ischemia, and it may complicate future access if the vessel
becomes stenosed or occluded, particularly in patients who require repeated admissions or long-term
vascular preservation. A central indication for arterial line placement is the need for accurate and continuous
blood pressure monitoring in hemodynamically unstable patients. In shock states—whether septic,
cardiogenic, hypovolemic, or obstructive—oscillometric cuff measurements can be unreliable due to
vasoconstriction, low pulse pressure, arrhythmias, patient movement, or improper cuff sizing. Even when
cuff readings are obtainable, they are intermittent, leaving clinicians vulnerable to missing transient but
clinically significant hypotensive episodes that can precipitate end-organ hypoperfusion. By contrast, an
arterial catheter connected to a pressure transducer and a noncompliant fluid-filled tubing system provides
continuous systolic, diastolic, and mean arterial pressure values and generates a waveform that reflects the
dynamics of ventricular ejection, arterial compliance, and systemic vascular resistance. This real-time
monitoring is particularly critical when vasoactive medications are administered, because vasopressors and
inotropes require careful titration to achieve perfusion targets while avoiding excessive vasoconstriction,
tachyarrhythmia, or myocardial ischemia. In these contexts, arterial lines offer an accuracy advantage over
automated cuffs, which derive systolic and diastolic values algorithmically from mean arterial pressure and
may be influenced by patient-specific variables and measurement artifacts [4][5][6][7].

Beyond numeric pressure values, arterial waveforms provide clinically actionable physiologic information.
Abnormal waveform morphologies may suggest damping from catheter or tubing issues, but they may also
reflect true physiologic changes such as decreased arterial compliance, altered stroke volume, or rapid shifts
in vascular tone. Moreover, evaluation of respirophasic variation in the arterial waveform can contribute to
assessment of fluid responsiveness, particularly in mechanically ventilated patients under controlled
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conditions. Variations in pulse pressure and stroke volume with respiration can help clinicians determine
whether intravascular volume expansion is likely to improve cardiac output, informing more individualized
resuscitation strategies and helping reduce unnecessary fluid loading. While these dynamic indices must be
interpreted cautiously—given their dependence on tidal volume, chest wall compliance, spontaneous
breathing activity, and cardiac rhythm—they illustrate why arterial lines can function not merely as
monitors but as tools for physiologic decision-making. Arterial catheterization is also strongly indicated
when frequent arterial blood gas (ABG) sampling is expected. Patients with acute respiratory failure, severe
pneumonia, exacerbations of chronic lung disease, and those receiving invasive mechanical ventilation
often require serial assessment of oxygenation, ventilation, and acid—base status. Arterial access allows
repeated measurements of arterial oxygen partial pressure, carbon dioxide partial pressure, and pH, along
with derived values such as bicarbonate and base excess, without repeated painful punctures that can cause
hematoma, arterial spasm, or patient distress. This is particularly relevant in intensive care units and
operating rooms, where ventilator changes, sedation adjustments, recruitment maneuvers, and changes in
positive end-expiratory pressure may necessitate timely ABG confirmation of physiologic effect. In
addition, the stability and reliability of arterial sampling supports trending—often more informative than
isolated values—enabling clinicians to evaluate trajectory and response to interventions [3][4][5][8][10].
In hypoxemic respiratory failure, arterial lines can support calculation of the oxygenation index (OI), a
metric used to quantify the severity of lung dysfunction and to guide escalation strategies in advanced
respiratory support. OI is derived by incorporating mean airway pressure into the assessment of
oxygenation, typically dividing mean airway pressure by the product of arterial oxygen partial pressure and
the fraction of inspired oxygen concentration, thereby integrating ventilator pressure burden with achieved
arterial oxygenation. In this framework, moderate acute respiratory distress syndrome (ARDS) is suggested
when OI exceeds 8, whereas values above 16 are consistent with severe ARDS. The clinical relevance of
OlI is that it can capture worsening lung mechanics and oxygenation inefficiency even when oxygen
saturation alone appears deceptively stable, and it may help teams determine when to intensify supportive
care, consider prone positioning, or evaluate candidacy for extracorporeal support. Arterial lines are
additionally indicated in a range of specialized procedural and extracorporeal contexts where continuous
arterial monitoring or high-frequency arterial sampling is operationally necessary. These include cardiac
and radiological interventions in which rapid hemodynamic changes may occur and where beat-to-beat
pressure feedback improves safety during sedation, contrast administration, or interventional manipulation.
They are also used during manual or automated exchange transfusions and plasmapheresis, where shifts in
intravascular volume and electrolyte balance can precipitate rapid hemodynamic changes that require close
monitoring. In some settings, arterial catheterization supports continuous arterio-venous perfusion
strategies, hemodialysis, and extracorporeal membrane oxygenation, where precise arterial pressure
monitoring is essential for managing circuit flows, ensuring adequate perfusion, and promptly detecting
complications. In the operating room, arterial lines are commonly employed during major surgery with
anticipated blood loss, large fluid shifts, prolonged operative duration, or significant cardiovascular risk,
such as major vascular surgery, complex cardiac surgery, high-risk neurosurgical procedures, and select
transplant operations. In these scenarios, the combination of real-time blood pressure monitoring, rapid
ABG access, and the ability to trend physiologic parameters can materially influence intraoperative and
postoperative outcomes [5][6][7].
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Arterial Line Management Equipment
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Fig. 2: Arterial line management.

Importantly, a critical “contra-indication by practice” must be emphasized: medication administration
through arterial catheters should be strictly avoided. Intra-arterial injection can cause intense pain,
vasospasm, endothelial injury, thrombosis, and distal ischemia, with potential progression to compartment
syndrome, gangrene, and catastrophic limb loss. Neurologic symptoms such as paresthesias and motor
dysfunction may occur, reflecting ischemic injury to nerves and muscles. These complications are severe,
often rapid in onset, and may be irreversible despite emergent intervention.[6][7][8][9][10] Therefore,
robust safety systems—distinct labeling, closed sampling devices, line access policies, and staff
education—are essential to prevent inadvertent intra-arterial medication delivery. In summary, arterial
catheter placement is indicated when the anticipated clinical benefit clearly outweighs procedural risk:
when continuous and accurate blood pressure monitoring is necessary, when frequent arterial sampling is
expected, when waveform analysis will meaningfully inform resuscitation or ventilator management, and
when specialized interventions require invasive hemodynamic monitoring. When those indications are
absent, avoiding arterial cannulation preserves vascular integrity and minimizes exposure to potentially
serious complications, aligning invasive monitoring with judicious, patient-centered practice [7][8][9][10].
Contraindications

Arterial catheterization is an invasive vascular procedure performed to obtain continuous arterial pressure
monitoring and repeated arterial blood sampling; however, it carries the potential for serious, site-specific
complications. These complications—particularly thrombosis, distal ischemia, hemorrhage,
pseudoaneurysm formation, and infection—are strongly influenced by patient anatomy, baseline vascular
integrity, local tissue condition, and the technical details of cannulation and subsequent line care. For this
reason, prevention of adverse outcomes begins before puncture: clinicians must recognize
contraindications, select the safest feasible site, and anticipate how comorbidities or local conditions may
shift the risk—benefit balance. Although arterial line placement is frequently routine in intensive care and
operative environments, the decision to cannulate should remain deliberate, individualized, and grounded
in an understanding of both vascular physiology and procedural hazards. A major contraindication is the
presence of peripheral or distal arterial insufficiency. When distal perfusion is already compromised—
whether due to advanced atherosclerosis, diabetic macro- or microvascular disease, embolic phenomena,
vasospastic disorders, or shock-related vasoconstriction—arterial cannulation may further reduce blood
flow by provoking spasm, creating an intimal injury that initiates thrombus formation, or producing partial
or complete occlusion of the cannulated vessel. In such patients, even a small decrement in perfusion can
precipitate clinically significant ischemia, manifesting as pallor, pain, delayed capillary refill, paresthesia,
motor weakness, or temperature change, and in severe cases may progress to tissue necrosis. Therefore,
evidence of diminished distal pulses, cool extremities, known critical limb ischemia, or prior vascular
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compromise warrants careful reconsideration of arterial access plans, selection of the least risky site, and
enhanced monitoring if cannulation is deemed necessary [10][11][12].

Peripheral arterial vascular diseases, including small-to-medium vessel vasculitides, also represent
important contraindications or strong cautions. Vasculitic disorders are characterized by inflammatory
injury to vessel walls that can narrow lumens, reduce compliance, and promote thrombosis. Cannulating an
inflamed or structurally abnormal artery may increase the risk of dissection, thrombosis, and distal
ischemia, and may also complicate healing at the puncture site. Similarly, severe peripheral arterial disease
reduces the physiologic reserve of distal perfusion and weakens collateral networks that would otherwise
protect tissues if the cannulated vessel becomes occluded. In these contexts, arterial line placement should
be pursued only when the monitoring benefit is substantial and when alternative sites with better perfusion
and lower complication risk are available. A distinct anatomic contraindication is inadequate collateral
circulation, including congenital or acquired anomalies such as the absence or severe hypoplasia of a
collateral vessel—for example, congenital absence of the ulnar artery when radial access is contemplated.
Collateral circulation is central to safe cannulation of certain sites, particularly the radial artery, because it
provides an alternative pathway for perfusion if thrombosis or occlusion occurs. When collateral pathways
are absent, the cannulated artery may represent a “single-supply” conduit, and occlusion can rapidly
threaten distal tissue viability. For this reason, assessment of collateral circulation is commonly
recommended in many scenarios, especially for patients with vascular disease, prolonged anticipated
catheter dwell time, prior cannulation history, or vasopressor exposure that increases the risk of spasm and
thrombosis. Infection at or near the intended insertion site is another important contraindication.
Cannulating through cellulitis, an abscess, or colonized tissue introduces pathogens directly into deeper
structures and increases the risk of catheter-related bloodstream infection. Although infection risk may be
somewhat lower with more peripheral sites compared with more central locations, the principle remains the
same: the catheter provides a conduit for microbial entry, and local infection substantially increases that
risk. In addition, inflamed tissue may bleed more readily, heal poorly, and make secure dressing adherence
difficult. When localized infection is present, alternative sites should be sought. If access is urgently
required and alternative sites are limited, maximal barrier precautions, strict asepsis, and early removal
planning become even more critical [10][11][12].

Many clinical circumstances are not absolute contraindications but require special consideration because
they meaningfully increase the probability of complications. Hypercoagulable states heighten thrombosis
risk, particularly when combined with small-caliber arteries, vasoconstriction, or prolonged dwell time.
Conversely, anticoagulated states increase the likelihood of bleeding, hematoma formation, and difficult-
to-control hemorrhage, especially at deeper sites such as the femoral artery where compression may be less
effective if puncture occurs too proximally. Patients with coagulopathy, thrombocytopenia, or therapeutic
anticoagulation therefore require careful site selection, ultrasound guidance to minimize multiple puncture
attempts, and a plan for immediate hemostasis should bleeding occur.[11][12] Overlying burns, dermatitis,
or severe skin breakdown at the intended insertion site also function as relative contraindications, as
damaged skin increases infection risk and makes stabilization challenging. Similarly, planned or recent
surgical interventions at the insertion site can complicate access decisions because arterial cannulation may
interfere with surgical fields, compromise grafts or vascular repairs, or limit postoperative mobility and
wound care.[11][12] Because the adequacy of collateral circulation can be difficult to infer by palpation
alone, bedside assessment tools help refine decision-making. When the radial artery is chosen, clinicians
frequently use simple screening methods such as the Allen test to evaluate ulnar artery patency and hand
reperfusion dynamics. However, if uncertainty persists—because the exam is equivocal, the patient is
uncooperative, pulses are weak, or the clinical stakes are high—additional modalities can be employed.
Color Doppler ultrasound can directly visualize arterial flow and patency, while photoplethysmography can
provide functional information about distal perfusion and waveform integrity. These methods can be
particularly helpful in patients with peripheral arterial disease, edema, severe hypotension, or unusual
anatomy, and they support safer site selection by reducing reliance on uncertain bedside estimation [11][12].
In summary, contraindications to arterial catheterization are rooted in the risk of worsening perfusion,
introducing infection, or provoking hemorrhagic or thrombotic events. Absolute avoidance is warranted
when local infection or severe lack of collateral circulation makes distal ischemia or systemic infection
unacceptably likely. Many other factors—vascular disease, vasculitis, hypercoagulability, anticoagulation,
burns, and local surgical considerations—function as relative contraindications that demand a heightened
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risk assessment, careful technique, and intensified monitoring.[11][12] When clinicians integrate these
contraindications into pre-procedure planning and select sites accordingly, arterial catheterization can be
performed more safely and with fewer preventable complications.

Equipment

Arterial catheter placement is a high-impact bedside procedure in which success depends not only on
operator skill, but also on disciplined preparation, correct equipment selection, and meticulous attention to
sterility and workflow. In modern practice, most of the required materials are packaged in commercially
prepared arterial line kits that standardize essential components and reduce procedural variability. These
kits improve efficiency by minimizing time spent gathering supplies, and they support consistent adherence
to evidence-informed infection-prevention practices by ensuring availability of sterile barriers, appropriate
catheters, and standardized connection systems. Even when a kit is used, however, clinicians must confirm
that all adjunct equipment is present and functional—particularly ultrasound supplies and the pressure
transduction system—because the arterial waveform itself becomes both a procedural endpoint and an
immediate quality check that the catheter is intraluminal, patent, and connected correctly.

Ultrasound guidance is strongly recommended for arterial cannulation because it enhances vessel
identification, improves first-pass success, reduces the number of puncture attempts, and decreases
complications such as hematoma, posterior wall puncture, and accidental cannulation of adjacent structures.
A high-frequency linear transducer, generally in the 5 to 13 MHz range, is preferred because superficial
arteries such as the radial artery are best visualized with high-resolution near-field imaging. Proper
ultrasound preparation includes a sterile probe cover kit, sterile gel or sterile lubrication, and an approach
that preserves the sterile field while allowing stable probe handling. Many teams also prepare sterile gauze
to wipe gel, an assistant to manage the machine controls when needed, and a clear plan for probe orientation
to avoid confusion with left—right or proximal—distal directionality. For nursing teams, ultrasound readiness
is not merely supportive; it is integral to patient safety because it reduces cannulation time and repeated
puncture trauma, which in turn can lower bleeding and thrombosis risk in vulnerable patients. A functioning
pressure monitoring system must be prepared before puncture. This includes the pressure transducer,
pressure tubing, flush device, and monitor cable interface. The transducer system is typically connected to
a noncompliant, fluid-filled tubing circuit and must be primed, de-aired, and flushed to prevent artifacts
caused by air bubbles or clot. A three-way stopcock is used to facilitate flushing and to allow for “zeroing”
the transducer to atmospheric pressure. Zeroing is generally performed with the stopcock open to air and
the transducer positioned at an appropriate reference level, commonly the phlebostatic axis for most clinical
purposes. This setup should be completed before cannulation so that once the catheter is inserted,
connection can occur rapidly and sterility can be maintained without scrambling for missing parts. The
appearance of a crisp arterial waveform on the monitor immediately after connection is a key confirmation
of successful placement and an early indicator of system integrity. Conversely, an absent or severely
damped waveform should prompt systematic troubleshooting of catheter position, tubing patency,
transducer setup, and the presence of air or clot [13][14].

To optimize procedural flow and reduce contamination risk, best practice is to assemble all necessary
equipment at the bedside before beginning. This includes not only the catheterization kit and ultrasound
supplies, but also an infection control “bundle” that supports maximal sterile barrier precautions. The
procedural environment should be organized so that sterile and nonsterile zones are clear, and roles are
defined if assistance is available. Many institutions emphasize a standardized checklist approach:
confirming patient identity, verifying indication, reviewing contraindications and vascular anatomy,
ensuring informed consent when applicable, and confirming that emergency supplies are available for
bleeding control or vasovagal events. In addition, the team should ensure that sedation or analgesia needs
are addressed in advance and that local anesthetic is prepared for awake patients, because uncontrolled pain
can increase movement and jeopardize sterile technique and vessel access. Core supplies required for
arterial catheter placement typically include maximal sterile barrier items such as sterile gloves, a sterile
gown, a mask with eye shield, and a sterile fenestrated drape to isolate the puncture site. Sterile gauze and
sterile towels are used for field control, drying antiseptic, and maintaining a clean working area. Skin
antisepsis is generally performed with chlorhexidine-based preparations or povidone-iodine solutions,
depending on institutional policy and patient-specific contraindications such as chlorhexidine allergy. Local
anesthesia is commonly administered using 1% lidocaine without epinephrine in a small-volume syringe,
often 3 to 5 mL, with a fine needle (25- to 27-gauge) to minimize discomfort while providing adequate
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dermal and subcutaneous anesthesia. A scalpel—frequently with an #11 blade—is used when needed to
make a small skin nick to facilitate catheter advancement, particularly with wire-based techniques. A needle
driver and nonabsorbable suture may be required for securement when adhesive devices are insufficient or
when longer dwell times are anticipated. A sterile dressing, often transparent and occlusive, protects the site
and permits visual inspection for bleeding, erythema, or exudate. In addition, a three-way stopcock, pressure
transducer kit, pressure tubing, and an intravenous tubing T-connector are often needed to integrate the
arterial line into a closed system that supports continuous flush and safe blood sampling [11][12][13][14].

The catheter and cannulation technique must be matched to the vessel size, depth, and clinical objectives.
In radial artery cannulation, commonly used options include catheter-over-needle systems, catheter-over-
wire (Seldinger) systems, and modified Seldinger systems with integrated wire—catheter designs. For
catheter-over-needle approaches, a frequently used configuration is a 20-gauge, approximately 1.75-inch
(4.45 cm) catheter mounted over a 22-gauge introducer needle. This approach can be efficient for
superficial, easily palpable radial arteries with strong pulsatility, especially when ultrasound guidance
confirms favorable anatomy. Catheter-over-wire (classic Seldinger) radial kits typically include a 20-gauge
peripheral arterial catheter, a 22-gauge introducer needle, and a compatible soft-tip guidewire. The wire
provides stability and can improve success when the artery is small, vasoconstricted, or difficult to
cannulate with a catheter-over-needle approach. Modified Seldinger systems integrate the wire with the
catheter, reducing the number of steps and potentially lowering the chance of losing arterial access during
exchanges; these kits also commonly use a 20-gauge catheter design. For infants and neonates, however, a
smaller 22- to 24-gauge angiocatheter is usually preferred, because a 20-gauge catheter may be too large
relative to vessel diameter and can increase thrombosis and ischemia risk. Larger children and adults often
tolerate 20-gauge systems well, although patient-specific factors—such as vasopressor use, peripheral
vascular disease, and anticipated duration—may prompt selection of alternative sizes or sites. Femoral
artery cannulation equipment differs because the vessel is deeper, larger, and often accessed using catheter-
over-wire methods. A typical setup includes an introducer needle that is longer and larger than what is used
at the wrist. An 18-gauge, 3-inch (7.6 cm) introducer needle is commonly used, and depending on clinician
preference and patient body habitus, an 18- or 20-gauge needle of 1.5 inches (3.8 cm) or 3 inches may be
selected; an 18-gauge spinal needle may be used effectively when additional length is needed. A guidewire
appropriately sized for the selected catheter is essential; commonly cited examples include a wire
approximately 45 cm in length and 0.64 mm in diameter, with a straight soft tip on one end and a J-tip on
the other. The J-tip configuration is designed to reduce trauma as the wire advances; however, the J-tip may
require straightening for insertion through certain introducer systems, which is facilitated by a plastic spring
wire insertion adapter. The catheter itself is generally larger and longer than a radial catheter, often 18- or
20-gauge and 15 cm or longer, to ensure stable intraluminal positioning within a deeper vessel and to reduce
the risk of accidental dislodgement. Because femoral access can be associated with higher bleeding risk,
teams often prepare additional hemostatic materials, ensure ready access to compression devices if needed,
and confirm that dressings suitable for the groin can maintain adherence in the presence of moisture and
movement [13][14].

Finally, equipment readiness extends beyond the immediate insertion task. Securement devices, closed
blood sampling systems, appropriately labeled tubing, and standardized line caps reduce the likelihood of
dislodgement, contamination, and medication administration errors. Clear labeling is particularly important
because arterial lines must never be used for medication injection; preventing inadvertent intra-arterial
administration depends on conspicuous labeling and consistent staff education. In addition, teams should
verify that flush solution is appropriate, that pressure bags are inflated to maintain continuous flush, and
that alarm limits on the monitor are set to detect clinically significant hypotension or hypertension promptly.
When these equipment considerations are addressed systematically, arterial line placement becomes safer,
more efficient, and more reliable as a monitoring tool, enabling nursing and pharmacy teams to support
hemodynamic optimization with reduced procedural and maintenance-related risk [14].

Personnel

Safe arterial catheter placement is inherently a team-based procedure, even when performed by an
experienced clinician, because maintaining sterility while simultaneously managing equipment,
monitoring, and patient comfort requires parallel task execution. At a minimum, the operator performing
cannulation should be supported by an additional team member who functions as a nonsterile assistant. This
circulating assistant plays a critical role in preserving the sterile field by handling tasks that would otherwise
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force the operator to break sterility, such as opening nonsterile packaging, adjusting the bedside monitor,
repositioning cables, manipulating the ultrasound machine controls, obtaining additional supplies, and
assisting with troubleshooting when the waveform is not immediately optimal. In high-acuity environments,
this role often includes managing the pressure bag, confirming that the transducer is properly leveled and
zeroed, and ensuring that connections are secure and free of air. By maintaining readiness of the nonsterile
environment, the assistant directly reduces procedure time, limits repeated puncture attempts and decreases
the likelihood of contamination or equipment-related errors. The personnel plan should also be aligned with
the patient’s clinical status and analgesia or sedation needs. Although many arterial lines can be placed
under local anesthesia alone, certain patients—particularly those who are agitated, delirious, anxious,
pediatric, or mechanically ventilated—may require additional sedation to ensure procedural success and
prevent sudden movement that can cause vascular trauma or accidental needle-stick injury. When sedation
is required, it should not be managed by the cannulating operator. A separate qualified practitioner is needed
to administer sedation, continuously monitor cardiorespiratory status, and intervene promptly if adverse
events occur. This division of responsibilities is a critical safety principle: sedation can alter respiratory
drive, blood pressure, and airway reflexes, and the provider overseeing sedation must be able to focus
exclusively on airway patency, oxygenation, ventilation, and hemodynamic stability. This is particularly
important because the very patients who most often require arterial lines—those who are unstable or
receiving vasoactive medications—are also at increased risk of sedation-related hypotension or respiratory
compromise. In addition to the immediate procedural team, effective arterial line practice depends on
interdisciplinary collaboration after insertion. Nursing staff are central to waveform surveillance, site
assessment, dressing integrity, and sampling technique. Pharmacists contribute by supporting safe titration
of vasoactive infusions, reviewing anticoagulation status that affects bleeding risk, and identifying drug—
drug interactions that may influence sedation or hemodynamic trends. In high-risk cases, consultation with
critical care, anesthesia, or vascular specialists may be appropriate. Overall, appropriate staffing and clear
role delineation reduce procedural complications, strengthen adherence to infection-prevention standards,
and promote consistent post-procedure monitoring [12][13][14].

Preparation

Arterial catheterization requires meticulous preparation because the procedure introduces a direct conduit
into the arterial circulation and therefore carries risks that include bleeding, thrombosis, ischemia, and
catheter-related infection. A structured pre-procedural approach reduces these risks by ensuring that the
indication is appropriate, contraindications are considered, and all required equipment is immediately
available. Adhering to a pre-procedural checklist is strongly recommended as it standardizes preparation
steps, reduces omissions during time-sensitive situations, and promotes consistent infection control
practices. Preparation begins with clinical confirmation that invasive monitoring is warranted and that the
chosen site is appropriate given the patient’s vascular status, anticoagulation profile, and local skin
condition. When feasible, baseline distal perfusion should be documented through pulse palpation, capillary
refill, skin temperature, and neurologic assessment of sensation and movement, because these elements
provide a reference for post-procedure surveillance. A formal “time-out” immediately before puncture is an
essential safety step. This pause ensures correct patient identification, confirms the intended procedure,
verifies the planned insertion site and laterality, and aligns the team on roles and contingency plans. In
environments where multiple invasive procedures occur, the time-out reduces wrong-site errors and
supports shared situational awareness, particularly when the patient cannot advocate for themselves due to
sedation, intubation, or altered mental status. Preparation also includes ensuring that the transducer system
is assembled, primed, de-aired, leveled, and ready to connect so that waveform confirmation can occur
immediately after cannulation without unnecessary manipulation that could compromise sterility. Accurate
identification of the optimal puncture site is the next key step and may be achieved through palpation of a
strong pulse, Doppler auditory assistance, or ultrasound guidance. Ultrasound is increasingly favored
because it allows visualization of vessel caliber, depth, patency, and relationship to adjacent veins and
nerves, thereby improving first-pass success and minimizing complications such as hematoma or posterior
wall puncture. Once the site is selected, strict aseptic preparation is mandatory. This includes thorough hand
hygiene, donning appropriate sterile barriers, and cleansing the insertion site with chlorhexidine solution
using adequate contact time to maximize antimicrobial efficacy. Sterile draping should create a controlled
field that limits environmental contamination, and all equipment should be arranged to support a smooth,
uninterrupted sequence of steps. After successful placement, securement and dressing application are part

WWW.DIABETICSTUDIES.ORG 360


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S7 2024

of preparation’s continuum: the catheter should be stabilized to prevent migration or dislodgement, and a
bioocclusive dressing should be applied to create a sealed barrier that supports ongoing site inspection and
infection prevention. Through disciplined preparation, teams reduce preventable complications and ensure
that arterial catheterization delivers its intended monitoring benefits with maximal patient safety [14][15].
Technique or Treatment

Arterial catheterization is both a procedural intervention and an ongoing treatment modality because the
clinical value of an arterial line depends on reliable placement, durable securement, and sustained accuracy
of the monitoring system over time. Best practice begins with rigorous sterile technique, proceeds through
precise vessel identification and cannulation using an appropriate insertion method, and continues with
disciplined post-placement management that preserves waveform fidelity and reduces complications.
Although the steps can be standardized, the procedure should be adapted to patient-specific anatomy,
hemodynamic state, urgency, and risk factors for infection, bleeding, thrombosis, or ischemia. Importantly,
the interprofessional team—including nurses and pharmacists—contributes directly to procedural success:
nursing staff ensure asepsis, monitoring, and troubleshooting at the bedside, while pharmacists help
optimize sedation choices, anticipate hemodynamic responses to analgesics and vasoactive drugs, and
support safe anticoagulation management in patients whose bleeding and thrombosis risks are dynamic.
Within this broader framework, the technique can be described in sequential domains [14][15].

Sterile Technique

Strict adherence to sterile precautions is the cornerstone of arterial catheterization because the catheter
provides a direct pathway to the bloodstream, and infections associated with intravascular devices carry
significant morbidity. Sterility begins before skin contact. The operator should ensure that all required
equipment is available and within reach, because searching for missing items mid-procedure increases the
likelihood of breaks in technique and prolongs exposure time. The pressure transduction system—
transducer, pressure tubing, flush device, and monitor cable—should be assembled, primed, cleared of air,
and ready for immediate connection. The transducer should also be zeroed in advance so that once access
is obtained, waveform confirmation can occur without delay. For ultrasound-guided placement, the
ultrasound machine should be positioned so that the operator can view the screen without turning away
from the sterile field, and the correct probe (typically a high-frequency linear probe) should be covered with
a sterile sheath using sterile gel or sterile lubricant. Skin preparation is not a superficial step; it is a timed
antimicrobial intervention that requires adequate contact and drying. The insertion site should be cleansed
with an appropriate antiseptic (commonly chlorhexidine-based preparations or povidone-iodine, guided by
institutional policy and patient allergy status). The antiseptic must be allowed to dry fully before puncture
to maximize its bactericidal effect and to reduce the risk of introducing solution into the puncture tract,
which can irritate tissue and compromise dressing adherence. Once the site is prepped and dry, sterile gloves
are mandatory for all cannulations; for many peripheral sites, sterile gloves and a sterile fenestrated drape
create an adequate field when risk is low and dwell time is expected to be limited. However, for more
central sites—especially femoral or axillary cannulation—more comprehensive barrier precautions are
recommended. These precautions typically include a mask, cap, eye protection or face shield, sterile gown,
and large sterile drape. Such measures reduce catheter-related infection risk and also protect staff from
blood splatter exposure, which is especially relevant when arterial puncture produces pulsatile bleeding.
Maintaining sterility requires attention to workflow. A nonsterile assistant should adjust monitor settings,
manage the ultrasound machine controls if necessary, open additional supplies, and help manage tubing
connections so the operator does not reach across nonsterile surfaces or inadvertently contaminate gloves.
Once the catheter is placed, sterile technique continues through securement and dressing application.
Transparent occlusive dressings are widely preferred because they allow direct visualization of the insertion
site without removing the dressing, thereby supporting early detection of bleeding, hematoma, erythema,
or exudate. Regardless of dressing type, the goal is to create a stable, sealed environment that limits bacterial
ingress and prevents catheter migration [14].

Vessel Identification

Successful arterial cannulation depends on accurate vessel identification and an insertion strategy tailored
to vessel depth, caliber, and pulsatility. Vessel identification can be achieved by palpation, ultrasound
guidance, Doppler auditory assistance, or a combination of these approaches. Palpation remains a useful
initial step, especially for superficial sites such as the radial artery, where bony landmarks and tendon
relationships can guide needle entry. The operator identifies anatomic landmarks and uses fingers to locate
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the point of maximal pulsation, selecting a puncture site that balances accessibility and safety. However,
palpation can be unreliable in low-flow states such as shock, hypothermia, or profound vasoconstriction,
and repeated blind attempts increase the risk of hematoma and thrombosis. Ultrasound guidance has
therefore become the standard of care for arterial cannulation in many environments because it improves
first-pass success, reduces the number of attempts, and decreases complications. When used for radial
cannulation, ultrasound has been associated with higher success rates, fewer attempts, shorter procedure
duration, and lower complication rates including hematoma, distal embolization, pseudoaneurysm, and
arteriovenous formation. The reduction in attempt number is clinically important because each additional
puncture increases local trauma and complicates subsequent attempts by producing swelling and obscuring
landmarks. The benefit is especially pronounced in infants and children, in whom small vessel diameter
makes cannulation technically difficult and repeated attempts are strongly associated with higher
complication rates.[13] Ultrasound also allows the operator to measure the internal diameter of the artery
and select a catheter size that is proportional to the vessel lumen. This consideration is particularly important
in pediatrics, where catheter—vessel mismatch can predispose to occlusion and distal ischemia [13].
Operators may choose transverse (short-axis) or longitudinal (long-axis) ultrasound views. Each view has
advantages and limitations. A transverse view provides a clear representation of the vessel’s circular lumen
and its relationship to adjacent veins and nerves, but it can be harder to maintain continuous visualization
of the needle tip, which increases the risk of posterior wall puncture if the operator loses track of the tip. A
longitudinal view allows visualization of a longer segment of the vessel and the advancing needle shaft, but
it can be more technically demanding to keep the needle, vessel, and ultrasound beam perfectly aligned.
Regardless of view, the ability to use dynamic needle tip positioning—actively tracking the needle tip as it
advances—improves success rates and reduces complications by minimizing unintended tissue
injury.[14][15] When ultrasound is unavailable, Doppler auditory assistance can augment palpation. A
handheld Doppler device can help identify arterial flow and refine the optimal entry point, particularly when
pulses are faint due to hypotension, edema, or vasoconstriction. Although Doppler does not provide
structural visualization like ultrasound, it can still improve accuracy compared with palpation alone by
confirming the direction and location of pulsatile flow [14][15].

The Allen Test

The Allen test has historically been performed before radial artery cannulation to assess collateral ulnar
blood flow and reduce the risk of hand ischemia should the radial artery occlude. The maneuver is
performed by occluding both radial and ulnar arteries simultaneously for 10 to 15 seconds or until palm
blanching occurs. The ulnar occlusion is then released while radial compression is maintained. Rapid return
of color suggests adequate ulnar patency and collateral capacity to perfuse the hand. While the Allen test
remains a widely taught screening method, it is best viewed as one component of risk assessment rather
than a definitive predictor of ischemic outcomes. In high-risk situations—equivocal bedside findings,
abnormal anatomy, severe vascular disease, or anticipated prolonged cannulation—adjunct assessment with
Doppler ultrasound or other perfusion measures may be prudent to confirm patency and collateral reserve
before proceeding [14][15].

Local Anesthetic Injection

Local anesthesia is generally administered for conscious patients to improve comfort and procedural
cooperation, and it may also reduce sympathetic-mediated vasospasm that can occur in response to pain.
Lidocaine without epinephrine is commonly used because vasoconstrictors may theoretically worsen distal
perfusion and obscure arterial pulsatility. Adequate analgesia becomes particularly important when the
patient has thick or tough skin and when a small dermatotomy (“skin nick”™) is anticipated. A skin nick can
facilitate catheter passage by preventing the introducer needle or catheter from being obstructed by a skin
plug and by reducing shear forces that can damage the plastic catheter during advancement. For awake
patients, careful local infiltration also reduces sudden movement that can occur with painful puncture,
thereby improving safety and minimizing accidental needle-stick risk to staff.

Insertion Techniques

Arterial cannulation techniques can be broadly categorized as catheter-over-wire methods and catheter-
over-needle methods. The choice of technique is driven by vessel depth, size, and patient factors, as well as
operator experience and equipment availability.

Catheter-over-wire techniques: Seldinger and modified Seldinger
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Catheter-over-wire approaches are widely considered primary methods for arterial catheterization,
particularly for deeper or less palpable vessels and for sites where stability is needed during catheter
advancement. These techniques permit access to the arterial lumen using a guidewire, which functions as a
stable rail over which the catheter can be advanced. Guidewire-based access is especially helpful for central
vessels such as the femoral or axillary arteries, which are deeper and may require longer catheters. In the
classic Seldinger technique, the operator punctures the artery with an introducer needle at approximately a
30- to 45-degree angle. Once pulsatile blood flow confirms intraluminal placement, the guidewire is
introduced through the needle hub and advanced gently into the artery. The needle is then removed while
maintaining wire position. The arterial catheter is threaded over the wire and advanced until it sits flush at
the skin, after which the wire is removed. Inspection of the guidewire tip after removal is essential to
confirm integrity and ensure that the soft tip has not fractured or been retained. The Seldinger approach is
particularly useful for deeper central vessels because the wire stabilizes access and reduces the chance that
the operator will lose the lumen during catheter advancement. The modified Seldinger technique employs
an integrated or staged system in which an introducer needle carries a small catheter over it. After arterial
entry is confirmed, the needle is withdrawn while the small catheter remains within the artery. The
guidewire is then passed through this catheter into the vessel, after which the small catheter is removed,
and the arterial catheter is advanced over the wire into place. Finally, the guidewire is removed. Modified
systems can reduce procedural steps and may decrease the chance of losing access during exchanges,
though the success of either approach depends heavily on careful control of the wire and catheter and
avoidance of forceful advancement that could injure the vessel wall [15].

Catheter-over-needle technique

The catheter-over-needle approach resembles peripheral venous cannulation and can be efficient for
superficial arteries, particularly the radial artery. After localization by palpation or ultrasound, the artery is
punctured at a 30- to 45-degree angle with a catheter-over-needle device. Once pulsatile arterial blood is
observed, the catheter is advanced off the needle into the arterial lumen, and the needle is withdrawn. This
method can be rapid when anatomy is favorable, but it may be less forgiving if the vessel is small, mobile,
or vasoconstricted. Notably, catheter-over-needle techniques are often favored for radial artery cannulation
in neonates and infants because the small vessel diameter can make guidewire threading difficult, and
minimizing manipulations may reduce trauma and spasm [16].

Arterial cutdown

Arterial cutdown is strongly discouraged for routine arterial catheter placement and should be considered
only as a last resort. It is an invasive surgical procedure that requires specialized training and carries risks
that are disproportionate to its value in most contemporary settings where ultrasound-guided percutaneous
techniques are available. Because it is reserved for exceptional circumstances and specialized operators, it
is not typically included in standard bedside arterial line protocols.

Securing the Arterial Catheter

Secure fixation of the catheter is not an optional finishing step; it is a risk-control strategy that prevents
inadvertent dislodgement, reduces micromotion at the insertion site, and thereby lowers the likelihood of
bleeding, infiltration, and infection. After placement, the catheter should be connected to the transducer
system using sterile technique, flushed to clear blood from the tubing, and evaluated for waveform quality.
Once a stable waveform is obtained, the catheter is secured using a transparent adhesive dressing and, when
indicated, additional devices such as suture, engineered securement devices, or tape anchoring that does not
occlude the vessel or compress surrounding tissues. Transparent dressings allow continuous visualization
of the insertion site and facilitate early recognition of hematoma, leakage, inflammation, or purulence.
When the radial artery is cannulated at the wrist, positioning and immobilization are particularly important
because wrist flexion and extension can kink tubing or displace the catheter. The hand is typically kept
slightly extended and immobilized with a soft roll placed between the dorsum of the wrist and a rigid board,
securing the hand and forearm to reduce joint movement. Tubing is often looped around the thumb to create
strain relief and then secured again to the forearm, reducing traction on the insertion site if the patient
moves. The transducer hub should be leveled at the height of the right atrium for standard systemic pressure
monitoring, and the monitor should be “zeroed” to ensure accurate measurements.[16] Consistency in
leveling is essential: a transducer placed too low will yield falsely elevated pressure readings, whereas a
transducer placed too high will yield falsely low readings.

Arterial Catheter Monitoring

WWW.DIABETICSTUDIES.ORG 363


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S7 2024

The clinical usefulness of an arterial line depends on ongoing monitoring accuracy, which is determined by
transducer positioning, system integrity, and appropriate dampening characteristics. Because the system is
fluid-filled and subject to hydrostatic forces, transducer placement must be consistent with the physiologic
reference point of interest. For most supine patients, the reference is typically the right atrium level (often
approximated by the midaxillary line at the fourth intercostal space). For prone patients, teams generally
still target the right atrium level, often using the same anatomic approximation despite positional changes.
In seated patients, however, clinicians must consider that cerebral perfusion pressure may differ from heart-
level pressure; if the clinical objective is to approximate cerebral pressure—such as in certain neurologic
patients—transducer leveling at the brain may be more appropriate to reduce hydrostatic error and better
reflect cerebral perfusion conditions. These adjustments illustrate that transducer leveling is not a fixed
ritual but a purposeful alignment between measurement and clinical goal. A properly configured pressure
monitoring system requires careful setup. The typical approach uses a 500 mL bag of normal saline (often
without heparin, depending on institutional policy) connected to the transducer set, with meticulous removal
of all air from the tubing and ports. Air bubbles can significantly distort waveforms and contribute to
damping artifacts. The flush system is pressurized to approximately 300 mm Hg and set to deliver a low
continuous flow, commonly around 1 to 3 mL per hour, to prevent blood reflux into the tubing and
transducer. Inverting the bag and performing a fast flush can help dislodge and eliminate residual
microbubbles that might otherwise adhere to the transducer diaphragm or tubing walls. After setup, the
transducer is connected to the monitor, and a square wave test is performed by briefly fast-flushing the line.
This maneuver creates a rapid pressure change and allows assessment of the system’s dynamic response
[14][15][16].

Zeroing the transducer is performed by closing the system to the patient, opening it to air, and selecting the
“zero” function on the monitor. This sets atmospheric pressure as the reference baseline. The stopcock is
then returned to the patient-open position, the catheter is connected, and a gentle flush clears blood from
the tubing, after which the waveform should appear promptly. A high-quality arterial waveform with clearly
displayed systolic, diastolic, and mean pressures suggests correct intraluminal placement and functional
equipment connections. If the waveform is absent, erratic, or inconsistent with clinical assessment,
troubleshooting should occur immediately, including checking for kinks, air, clot, stopcock malposition,
loose connections, and transducer leveling errors. Dampening is a frequent source of inaccurate readings
and is best evaluated through waveform analysis and square wave testing. An underdamped system is
characterized by excessive oscillations after the fast flush, reflecting insufficient energy dissipation within
the system. This can lead to overestimation of systolic pressure and underestimation of diastolic pressure,
potentially misleading clinicians during vasoactive titration. Conversely, an overdamped system shows little
or no oscillation after the flush and produces a blunted waveform. In overdamping, diastolic pressure may
remain relatively accurate, but systolic pressure is often underestimated, which can prompt unnecessary
escalation of vasopressors or fluid therapy. Overdamping may result from air bubbles, compliant tubing,
loose connections, catheter kinking, or partial obstruction at the catheter tip. A clot or fibrin sheath at the
catheter tip is a well-recognized cause of overdamping and may necessitate line flushing protocols or
catheter replacement when waveform integrity cannot be restored.[17] Thus, waveform surveillance is not
merely technical; it directly shapes clinical decisions and patient outcomes [16][17]. In sum, arterial line
technique is a continuum: strict sterility reduces infectious complications; accurate vessel identification—
ideally ultrasound-guided—improves first-pass success and reduces trauma; appropriate insertion
technique matches the vessel and patient; careful securement prevents dislodgement and infection; and
rigorous monitoring and troubleshooting preserve measurement accuracy over time. When these elements
are integrated into a standardized, team-based workflow, arterial catheterization becomes a safer and more
effective tool for hemodynamic assessment and critical care management.[13][14][15][16][17]
Complications

Arterial catheterization is a high-yield procedure for hemodynamic monitoring and arterial blood sampling,
yet it remains an invasive intervention with a meaningful complication burden that clinicians must
anticipate, prevent, and promptly address. In adult patients, the overall incidence of complications is
commonly reported in the range of approximately 10% to 13%, although the true frequency varies
substantially across studies due to differences in definitions, follow-up intervals, patient populations, and
the arterial site selected for cannulation. Site-dependent risk is clinically intuitive: superficial peripheral
arteries may be easier to access and compress but are more susceptible to vasospasm and thrombosis in
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low-flow states, while deeper central sites may be more stable for waveform acquisition but carry higher
infection risk and potentially more serious bleeding consequences. The increasing use of ultrasound-guided
placement and stricter adherence to sterile technique have meaningfully reduced many clinically significant
complications by improving first-pass success, limiting tissue trauma, and decreasing catheter
contamination. Even with optimal technique, however, complications can occur because catheter presence
itself alters local vascular biology through endothelial injury, changes in flow dynamics, and the creation
of a foreign surface that can promote thrombus formation and bacterial colonization. The spectrum of
complications spans minor, self-limited issues to limb-threatening events. Commonly reported
complications include procedural pain, bruising, and localized hematoma, which typically result from
vessel puncture, peri-arterial bleeding, or multiple attempts. Although these are often benign, they can
become clinically important when large hematomas compress nearby nerves or compromise distal
perfusion, especially in tight fascial compartments. Hematoma risk is increased by anticoagulation,
thrombocytopenia, coagulopathy, repeated puncture attempts, and inadequate post-procedural compression.
Mechanical and vascular complications also include thrombosis, pseudoaneurysm formation, vasospasm,
arterial dissection, and arteriovenous fistula formation. Rare but serious events such as air embolism and
particulate embolism are primarily preventable with meticulous line management: thorough de-airing of
the transducer tubing and stopcocks, avoidance of open ports, and careful flushing practices. In addition,
catheter malfunction—such as kinking, occlusion, accidental dislodgement, and waveform artifact due to
damping—can be considered a complication insofar as it leads to inaccurate clinical decisions, unnecessary
vasopressor escalation, or repeated invasive re-cannulation [15][16][17].

Vasospasm merits special emphasis because it can present abruptly, compromise waveform fidelity, and
threaten distal perfusion, particularly in small-caliber arteries such as the radial or dorsalis pedis. Older
reports have described vasospasm in up to 57% of patients, although this rate likely reflects prior-era
techniques, less frequent ultrasound guidance, larger catheter-to-artery ratios, and the inclusion of mild
spasm as an outcome. Clinically, vasospasm may manifest as disproportionate pain at the cannulation site,
reduction in measured blood pressure, progressive waveform dampening, blanching or coolness of the
digits, diminished or absent distal pulses, or loss of oximetry signal in the affected limb. These signs can
be subtle in sedated or critically ill patients, making vigilant neurovascular monitoring essential. While
research from the 1970s in transradial coronary catheterization suggested that agents such as nitroglycerin,
calcium channel blockers (for example, verapamil), phentolamine, and heparin could reduce vasospasm
risk, these pharmacologic strategies are not routinely used for standard bedside arterial line placement or
for the management of vasospasm complications in typical ICU or perioperative workflows.[18][19] In
contemporary arterial line care, prevention focuses more on minimizing attempts, using ultrasound
guidance to reduce trauma, providing adequate local anesthesia in awake patients to reduce sympathetic
vasoconstriction, selecting the smallest effective catheter size relative to vessel diameter, and avoiding
excessive catheter manipulation once intraluminal access is obtained. When vasospasm is suspected, the
immediate priorities are to assess distal perfusion, ensure that dressing or securement is not overly
constrictive, confirm that the line is not kinked, and consider whether catheter removal is necessary if
perfusion is threatened [18][19].

When complications are categorized by type, catheter-related infection and inflammation have been
reported as the most common group, accounting for 61.8% of recorded complications in some analyses,
followed by mechanical issues (14.1%), embolic or thrombotic events (7.5%), and amputation due to
ischemic injury (0.6%).[20] These figures underline two key realities: first, that many complications are
inflammatory or infectious rather than purely mechanical; and second, that although limb loss is
uncommon, it remains a catastrophic endpoint that must be prevented through early recognition of ischemia
and timely intervention. Infection risk increases with prolonged catheter dwell time, breaks in aseptic
technique, frequent line access for sampling, moisture or soiling of dressings, and certain insertion sites.
Femoral arterial lines, for example, may be exposed to higher bacterial burden due to groin colonization
and challenges in maintaining clean, adherent dressings in the presence of perspiration, incontinence, and
movement. Infection also correlates with illness severity and immunocompromise, which explains why
higher complication rates have been described in settings such as critical illness, cardiac surgery, bone
marrow transplantation, and hemodialysis.[20] These populations often require longer durations of invasive
monitoring, experience frequent catheter manipulations, and have altered immune defenses or coagulation
profiles that heighten both infection and thrombosis risk. Thrombotic and embolic complications represent
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another clinically important domain. Arterial thrombosis may occur at the catheter tip or along the
cannulated segment, driven by endothelial disruption, local turbulence, low-flow states, hypercoagulability,
or catheter-to-vessel mismatch. Thrombotic occlusion can be silent—detected only when waveform is
lost—or can present as distal ischemia with pain, pallor, paresthesia, or decreased oxygen saturation distal
to the site. Microembolization can occur if thrombus fragments dislodge or if particulate matter is
introduced into the system through improper flushing or open connections. Although air embolism is less
commonly associated with arterial lines than with central venous catheters, it remains possible if the system
is not fully de-aired or if stopcocks are mishandled. Because arterial circulation delivers emboli directly to
distal tissues, even small volumes of air or particulate matter can have outsized consequences depending
on the vascular territory affected [18][19][20].

Experience from interventional cardiology provides additional perspective on arterial complications,
particularly with the broader adoption of transradial approaches for percutaneous coronary intervention and
diagnostic coronary angiography. This shift has been associated with reduced overall thrombosis risk
compared with some alternative access strategies, while also producing a distinct profile of radial-specific
adverse events. Reported events include an incidence of approximately 0.09% of permanent hand ischemic
damage, while temporary radial occlusion has been described at a mean rate of about 19%. Some
complications may be detected later, including digital embolization and arterial dissection, with follow-up
often extending to 30 days postprocedure.[21] These rates—already relevant in patients without systemic
vasculopathy—may be amplified in individuals with conditions such as scleroderma, impaired fibrinolysis,
or other vasculopathies, where baseline endothelial dysfunction and reduced microvascular reserve could
plausibly increase the risk of ischemic sequelae.[21] While these interventional settings differ from ICU
arterial line placement in catheter size, dwell time, and anticoagulation practices, the data highlight a
broader principle: patient-specific vascular biology and systemic disease profoundly modulate the risk of
distal ischemic injury following arterial access. Pediatric arterial catheterization presents a distinct risk
landscape. The procedure is technically more challenging because pediatric vessel diameters are often only
2 to 3 mm, leaving little margin for error in catheter selection and increasing susceptibility to spasm and
occlusion. Furthermore, small absolute blood volumes heighten the significance of bleeding, repeated
sampling, and iatrogenic anemia. Although the pediatric literature is less extensive than the adult literature,
the largest retrospective analysis including more than 10,000 pediatric patients reported a complication rate
of 10.3%, which is comparable to adult ranges but likely reflects different complication patterns and risk
drivers.[22] In that analysis and related work, factors associated with increased risk included young age
(particularly 1 to 4 months), late catheter placement during the hospital course, and the presence of systemic
infection.[22][23] These associations are clinically plausible: younger infants have smaller vessels and
more reactive vasculature, late placement may reflect cumulative illness severity and prior vascular trauma,
and systemic infection may increase inflammation, coagulopathy, and catheter colonization risk. As a result,
pediatric arterial line practice places even greater emphasis on ultrasound guidance, precise catheter-to-
vessel sizing, minimizing attempts, careful securement to prevent dislodgement, and rigorous distal
perfusion monitoring [20][21][22][23].

Across adult and pediatric populations, complication prevention and early recognition depend on a
continuous quality mindset rather than a single procedural moment. Ultrasound guidance reduces trauma
and attempt number; maximal sterile technique and disciplined maintenance reduce infection; careful
catheter selection and gentle manipulation reduce spasm and thrombosis; and systematic waveform and
neurovascular monitoring enable early detection of malfunction or ischemia before irreversible harm
occurs. Because many complications present first as subtle waveform changes or mild distal perfusion
alterations, nursing surveillance is pivotal. Pharmacist involvement can also be clinically meaningful by
supporting appropriate anticoagulation choices, monitoring for drug-induced vasoconstriction, optimizing
analgesia and sedation to limit sympathetic spasm, and ensuring safe titration of vasoactive agents that
influence peripheral perfusion. In this way, complication management becomes an interprofessional
responsibility, requiring shared vigilance to preserve both the monitoring benefits of arterial catheterization
and the safety of the limb and patient [21][22][23].

Clinical Significance

Arterial line placement and invasive arterial pressure monitoring remain integral components of
contemporary critical care and perioperative medicine, particularly for patients whose physiologic state is
unstable, rapidly changing, or highly sensitive to therapeutic titration. In medical and surgical intensive
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care units, as well as in operating rooms, arterial catheterization is widely regarded as a standard-of-care
intervention when continuous, beat-to-beat blood pressure monitoring is required or when clinicians
anticipate frequent arterial blood sampling. This applies across adult and pediatric practice, although the
thresholds for placement, choice of site, and risk tolerance differ substantially by age group and underlying
disease burden. The principal clinical advantage of an arterial line is the ability to deliver real-time
measurements of systolic, diastolic, and mean arterial pressure, thereby allowing prompt detection of
hypotensive episodes that might otherwise be missed with intermittent noninvasive cuff measurements.
This continuous signal becomes clinically decisive when clinicians titrate vasoactive medications, manage
major hemorrhage, or attempt to optimize perfusion in shock states, where small changes in arterial pressure
can meaningfully affect end-organ oxygen delivery. Beyond pressure monitoring, arterial access provides
a practical and often indispensable route for repeated arterial blood gas sampling. Serial evaluation of
arterial oxygenation, carbon dioxide elimination, and acid—base balance is critical in patients with acute
respiratory failure, complex ventilator requirements, severe metabolic derangements, or evolving sepsis.
By enabling frequent sampling without repeated needle puncture, arterial catheters reduce procedure-
related discomfort and can improve workflow efficiency, particularly when rapid reassessment is needed
after ventilator adjustments, recruitment maneuvers, or changes in sedation and neuromuscular blockade.
Additionally, arterial waveform analysis can offer physiologic clues about volume status and cardiovascular
performance, and in selected contexts, respirophasic waveform variations may contribute to assessment of
fluid responsiveness [22][23].

Despite these benefits, arterial catheterization is not a benign intervention. It is associated with
complications that include local bleeding, hematoma, thrombosis, vasospasm, pseudoaneurysm formation,
and catheter-related infection. Of particular clinical concern is the possibility of compromised distal blood
flow, which can progress from subtle perfusion changes to ischemic injury if not recognized early. These
risks create an ethical and clinical imperative to ensure that arterial lines are used when they meaningfully
change management rather than by routine habit. Importantly, the landscape of hemodynamic assessment
continues to evolve, with growing availability of alternative monitoring technologies—such as improved
noninvasive blood pressure systems, echocardiography, and other minimally invasive cardiac output
monitoring approaches—that may reduce the need for arterial cannulation in selected patients. This
evolution is especially relevant in pediatric care, where small vessel diameter increases the risk of
thrombosis and ischemia and where repeated sampling can contribute to iatrogenic anemia. Consequently,
routine placement of arterial catheters in critically ill pediatric patients should be considered cautiously,
guided by clear indications, the anticipated duration of monitoring, and the availability of less invasive
alternatives. In this context, the clinical significance of arterial lines lies not only in their powerful
monitoring capabilities, but also in the disciplined, indication-driven approach that balances benefit against
procedural and maintenance-related harm [23].

Enhancing Healthcare Team Outcomes

Optimizing outcomes and ensuring safety in arterial line management require coordinated interprofessional
practice rather than isolated procedural competence. Arterial catheterization intersects with multiple
domains—technical placement, hemodynamic interpretation, infection prevention, medication safety, and
ongoing surveillance—each of which is strengthened when responsibilities are distributed across a
collaborative healthcare team. Physicians, particularly those in critical care, anesthesia, emergency
medicine, and surgery, commonly lead the procedural aspects of arterial line placement and removal. Their
responsibilities include confirming the indication, selecting the most appropriate cannulation site, weighing
contraindications such as peripheral vascular disease or local infection, and determining the expected
duration of monitoring. They must also interpret the arterial waveform within clinical context and respond
appropriately to abnormal patterns that may reflect physiologic deterioration or technical artifact. Ethical
practice is embedded in these decisions: clinicians must respect patient autonomy, obtain informed consent
when feasible, communicate foreseeable risks and benefits clearly, and avoid unnecessary invasive
monitoring that does not materially influence care. Advanced clinicians—such as nurse practitioners and
physician assistants—often expand the capacity of care teams by participating in arterial line insertion,
optimizing patient preparation, and managing complications under physician oversight or collaborative
protocols. Their continuity within the unit can also support standardized practices for transducer leveling,
waveform troubleshooting, and timely escalation when perfusion concerns arise. Nurses occupy a central
role in arterial line outcomes because they provide continuous bedside assessment. Their responsibilities
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include maintaining dressing integrity, ensuring that the transducer remains properly leveled and zeroed,
monitoring waveform quality, preventing contamination during sampling, and performing frequent distal
perfusion checks to detect early ischemia. Nursing assessment is also vital for patient comfort and safety,
particularly in awake patients who may experience pain at the insertion site or anxiety related to invasive
monitoring [23][24].

Pharmacists contribute in ways that directly influence both safety and efficacy of arterial line use. They
support medication management in patients receiving vasoactive infusions whose titration depends on
accurate arterial pressure data, advise on anticoagulation strategies that affect bleeding and thrombosis risk,
and help design protocols that reduce medication errors—especially the catastrophic risk of inadvertent
intra-arterial drug administration. Pharmacists also assist in sedation and analgesia planning by anticipating
hemodynamic effects of agents and identifying drug—drug interactions that may worsen hypotension or alter
perfusion. Interprofessional communication is the thread that connects these roles: accurate handoffs,
shared documentation of line site and status, and clear escalation pathways ensure that waveform changes,
bleeding, or perfusion abnormalities trigger timely action. Effective care coordination may involve routine
bedside rounds, structured checklists for line necessity and maintenance, and shared commitments to early
line removal when the indication no longer exists. When teams function cohesively—with physicians
guiding strategy, advanced clinicians supporting procedural and clinical continuity, nurses providing
vigilant monitoring, and pharmacists ensuring safe medication systems—arterial line management becomes
safer, more efficient, and more responsive to patient needs, improving outcomes while reducing avoidable
harm [23][24].

Nursing, Allied Health, and Interprofessional Team Interventions

High-quality arterial line care depends on meticulous maintenance interventions that preserve catheter
patency, reduce infection risk, prevent sampling errors, and protect distal perfusion. Maintaining patency is
a core priority because an occluded catheter compromises monitoring accuracy and may require re-
cannulation, increasing patient risk. Patency is typically supported by a continuous, low-rate infusion—
commonly 1 to 3 mL per hour—delivered through a pressurized flush system that prevents blood reflux
into the tubing and transducer. The infusate is usually normal saline, with some institutions using saline
containing low-dose heparin (often 1 to 2 units/mL). However, evidence indicates that heparinized solutions
do not reduce the risk of catheter thrombosis compared with nonheparinized saline, which has practical
implications for standardizing practice and minimizing unnecessary heparin exposure.[24] Regardless of
solution type, careful line access technique is essential. When drawing blood for laboratory analysis,
discarding an initial “waste” volume is necessary to avoid dilution or contamination from flush solution
that could produce misleading results. In most settings, wasting approximately 1 to 3 mL is sufficient,
though the precise volume should be adjusted to patient age, catheter dead space, and circulating blood
volume—yparticularly in neonates and small children, where cumulative sampling losses can be clinically
significant [24].

Medication and fluid safety interventions are equally critical. Historical reports of hyperglycemia associated
with infusion of glucose-containing fluids through arterial lines underscore why arterial circuits must be
clearly distinguished from venous lines and why only appropriate flush solutions should be connected. Even
more severe are the well-documented events of limb ischemia, skin necrosis, and tissue loss after
inadvertent intra-arterial medication administration. Preventing these events requires robust safeguards:
prominent labeling of arterial tubing and ports, standardized line setup that minimizes opportunities for
misconnections, and strict institutional policies that prohibit medication administration via arterial
catheters. Many clinical environments reinforce these safeguards through dual-nurse verification when
connecting fluids or devices, ensuring that the correct line is accessed and that the purpose of access is
appropriate. Allied health professionals and biomedical staff can further support safety by ensuring
standardized connectors, reliable pressure bag function, and availability of closed blood sampling systems
that reduce breaks in the circuit. Continuous surveillance of distal perfusion is one of the most important
nursing interventions because ischemic complications can evolve silently, especially in sedated or
neurologically impaired patients. Regular assessment should include evaluation of skin color and
temperature distal to the catheter, capillary refill, pulse presence or Doppler signal, and—when feasible—
sensation and motor function. Pulse oximetry waveform and saturation values on the affected limb can also
provide early clues to compromised flow. If any concern arises—such as increasing pain, pallor, coolness,
diminished oximetry signal, or progressive waveform damping—prompt evaluation is required to
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distinguish technical causes (kinked tubing, over-tight dressing, transducer malposition) from true vascular
compromise. When perfusion impairment is suspected and cannot be quickly corrected, timely catheter
removal becomes a protective intervention to prevent progression to irreversible ischemic injury. These
bedside actions are strengthened through interprofessional collaboration: nurses identify early changes,
physicians or advanced clinicians assess and decide on-line removal or replacement, and pharmacists
support adjustments to vasoactive or anticoagulant therapy that may be contributing to distal hypoperfusion.
Through disciplined patency management, rigorous labeling and verification practices, and vigilant
perfusion monitoring, nursing and allied health interventions directly translate into safer arterial line use
and better patient outcomes.[24]

Conclusion:

Arterial line placement remains an indispensable intervention in modern critical care and perioperative
practice, offering unparalleled accuracy in blood pressure monitoring and facilitating frequent arterial
sampling. However, its invasive nature introduces risks that demand rigorous preventive strategies.
Evidence underscores that complication rates—though relatively low—can lead to significant morbidity if
early warning signs are missed. Infection, thrombosis, and ischemia dominate the risk profile, emphasizing
the need for maximal sterile technique, meticulous equipment preparation, and continuous neurovascular
surveillance. Ultrasound guidance has emerged as a transformative adjunct, improving success rates and
reducing trauma, particularly in challenging anatomy or pediatric patients. Beyond technical execution,
arterial line safety is a shared responsibility: nurses ensure dressing integrity and waveform fidelity,
pharmacists optimize vasoactive and anticoagulation regimens, and physicians guide indication-driven
placement and timely removal. This collaborative model not only mitigates complications but also aligns
invasive monitoring with patient-centered care. Ultimately, arterial catheterization should never be routine;
it should be reserved for scenarios where its benefits clearly outweigh risks, supported by standardized
protocols and interprofessional vigilance. By integrating these principles, healthcare teams can harness the
diagnostic and therapeutic advantages of arterial lines while minimizing harm and improving outcomes.
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