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Abstract 

Central neuraxial blockade (CNB) is the most widely used method of anesthesia provided to 

laboring patients and includes epidural, spinal, combined spinal-epidural, and caudal techniques. 

Studies have shown that using preprocedural ultrasound is a safe and effective tool to facilitate 

the placement of neuraxial needles, especially in patients with predicted difficulty. With the 

prevalence of obesity increasing, laboring patients with predicted difficulty of neuraxial needle 

placement is increasing as well. In addition, the traditional method of palpation and visualization 

of anatomical landmarks to place neuraxial needles can produce inaccurate results due to 

inconsistencies between patients. Use of preprocedural ultrasound to facilitate neuraxial 

anesthesia is low despite evidence found in the literature describing its benefits. The project’s 

main objective is the development and implementation of evidence-based practice (EBP) 

recommendations for using preprocedural ultrasound to facilitate neuraxial anesthetics provided 

to laboring patients. If implemented, the project has the potential to increase first-pass success 

rates of needle placement and decrease adverse events such as unintentional dural puncture, post 

dural puncture headache, and failed neuraxial block. Additional objectives for the project include 

developing EBP recommendations for using preprocedural ultrasound when providing neuraxial 

anesthesia to the laboring patient, a comprehensive plan to implement the EBP 

recommendations, and a method to monitor and measure the EBP recommendations. The 

theoretical framework for this project is the John Hopkins Evidence-Based Practice Model 

(JHEBP) for Nursing and Healthcare Professionals. 

Keywords: Preprocedural, ultrasound, neuraxial, labor, anesthesia 
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Preprocedural Ultrasound for Labor Neuraxial Anesthesia: Evidence-Based Practice 

Recommendations 

Introduction 

Central neuraxial blockade (CNB) is a form of regional anesthesia that includes spinal, 

epidural, combined spinal-epidural (CSE), and caudal epidural techniques. Neuraxial anesthesia 

is the most widely used method of anesthesia administered to obstetric patients in labor (Santos 

et al., 2015). The Centers for Disease Control and Prevention (2022) reports that in 2020, more 

than 77% of births in the United States (USA) utilized epidural or spinal anesthesia during labor. 

With this high rate of utilization, it is imperative that techniques for CNB are based on evidence 

and continuously refined. Due to the vulnerability of this patient population, anesthesia 

techniques provided to laboring patients should continuously be evaluated and improved 

(Nagelhout & Elisha, 2018). The development of EBP recommendations is essential to improve 

labor neuraxial anesthesia. 

Techniques for assessing for placement of CNB can vary. Traditionally, an anesthesia 

provider performs palpation of the anatomy and visualization of external surface landmarks to 

facilitate the placement of CNB needles (Baysinger et al., 2016; Nagelhout & Elisha, 2018). 

CNB can result in complications for many reasons, one of which is related to the “blind” nature 

of the traditional approach to needle placement (Carvalho, 2008). The relationship between 

anatomical landmarks, needle placement, and needle trajectory is inconsistent from patient to 

patient, making it a “blind” technique (Hadzic, 2017). Anatomical landmarks can sometimes be 

challenging to palpate and visualize in the parturient, primarily due to the natural physiological 

changes the body goes through during pregnancy, such as weight gain and presacral edema 

(Santos et al., 2015). According to Carvalho (2008): 
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The somewhat unreliable nature of the [traditional] technique can lead to complications, 

such as patient discomfort, trauma to various structures (nerves, vessels, ligaments, and 

bones), [the] potential infectious risk from multiple [needle insertion] attempts, failure, 

and accidental dural puncture with subsequent postdural puncture headache. (p. 145) 

 Additionally, anesthetists who used the palpation method to identify a marked lumbar 

space identified them correctly in only 29% of the cases (Broadbent et al., 2000). Therefore, 

laboring patients receiving CNB through the traditional process of needle placement are at an 

increased risk of failures and complications, which warrants evidence-based improvements in the 

quality and safety of anesthesia providers' techniques to provide pain relief during labor and 

delivery. 

Preprocedural ultrasound is another technique that can facilitate the placement of CNB 

needles. Ultrasound technology allows the anesthesia provider to assess the anatomy to provide 

important information such as the “needle insertion site, needle angle, and estimated depth of the 

epidural space” that is otherwise unavailable using the traditional method (Chestnut et al., 2020, 

p. 255). Ultrasound can also be used in real time to facilitate CNB placement, but this project 

will focus on preprocedural ultrasound. The benefits of ultrasound to guide needle placement for 

neuraxial anesthesia include being safe, noninvasive, simple to use, devoid of significant adverse 

effects, and helpful, especially for patients who are difficult to assess using the traditional 

approach (Hadzic, 2017). Not utilizing preprocedural ultrasound as a technique for CNB 

procedures may lead to the inefficient placement of neuraxial needles, leading to increased 

patient complications. Thus, a plan for implementing preprocedural ultrasound for neuraxial 
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anesthesia recommendations is needed, including the steps of EBP and quality improvement 

(QI). 

Background 

Obstetrical Neuraxial Anesthesia 

Most obstetrical patients experiencing labor pain in the USA seek relief through 

anesthesia services. The latest National Vital Statistics Report (2022) shows that out of 

3,613,647 births in the USA in 2020, 2,787,858 or more than 77% of the births involved epidural 

or spinal anesthesia as a method of analgesia during labor (Centers for Disease Control and 

Prevention, 2022). Neuraxial anesthesia in obstetrics is an intervention that allows parturients to 

not only receive analgesia for what otherwise would be a painful experience but also allows the 

mother to immediately interact with the baby after birth in cases that involve cesarean section by 

avoiding general anesthesia (Nagelhout & Elisha, 2018). Continual improvement in neuraxial 

anesthesia methods is essential in providing a desirable birthing experience. 

Depending on the situation and preference, anesthesia providers perform an epidural, 

spinal, combined-spinal epidural (CSE), or caudal technique to provide analgesia to laboring 

mothers. The caudal method is unpopular due to the potential for “painful needle placement, high 

failure rate, potential contamination at the injection site, and risks of accidental fetal injection” 

(Choi et al., 2018, para. 45). Whether using preprocedural ultrasound or the traditional method 

for neuraxial anesthesia needle placement, spinal, epidural, and combined spinal-epidural 

techniques require the anesthesia provider to understand spinal anatomy to place an epidural 

catheter or spinal anesthesia successfully. 

Epidural. For controlling labor pain, epidurals are the most common form of neuraxial 

anesthesia (Lee et al., 2008). The intervention of placing an epidural catheter allows for 
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continuous delivery of local anesthetic to provide analgesia or anesthesia, depending on the 

obstetrical patients' circumstances. The placement of epidural catheters occurs through a needle 

that enters the epidural space. To access the epidural space, the anesthesia provider must guide 

the needle through the skin, subcutaneous tissue, supraspinous ligament, interspinous ligament, 

and ligamentum flavum. Anterior to the ligamentum flavum lies a potential epidural space just 

before the spinal cord's dural layer. A commonly used method to find the depth of the epidural 

space is the loss of resistance (LOR) technique (Chestnut et al., 2019). Once the anesthesia 

provider places the Tuohy needle into the fibrous ligamentum flavum, a syringe filled with air or 

saline is counter pulsed on while the needle is advanced slowly. The epidural space is accessed 

when counter pulsation of the syringe allows for injection of its contents. After confirming that 

there is no flow of cerebrospinal fluid (CSF), an epidural catheter can be threaded into the 

epidural space to administer anesthesia. The epidural catheter provides a means for the 

anesthesia provider to continually dose medication that delivers labor analgesia. 

Spinal. Obstetrical patients undergoing a cesarean delivery commonly receive spinal 

anesthesia (Turkstra et al., 2017). Medications injected for a spinal technique have a quick onset 

and are placed on the nerves exiting the spinal cord (DeLeon & Wong, 2022). The onset of 

action is faster due to a spinal technique's closer proximity to the spinal nerves compared to an 

epidural. The use of spinal catheters is not common; instead, a single dose of medication is given 

to achieve anesthesia (DeLeon & Wong, 2022). To perform a spinal, the anesthesia provider may 

transverse the same layers required for an epidural with a smaller spinal needle but advance 

further through the dura mater and into the subarachnoid space where there is CSF. A single shot 

of anesthetic medication is injected into this space to provide neuraxial anesthesia. Prevention of 

spinal cord injury is imperative and achieved by placing spinal needles below the conus 
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medullaris (the tapered end of the spinal cord) around the area of the cauda equina (a bundle of 

spinal nerves and roots) (Chestnut et al., 2019). In adults, the L1 or L2 interspace correlates with 

the location of the conus medullaris (Broadbent et al., 2000). Thus, spinal anesthesia is 

performed below this interspace to prevent spinal cord injury. 

Combined Spinal-Epidural. CSE technique allows the anesthesia provider to inject 

medication for rapid analgesia into the intrathecal space for a spinal and then place an epidural 

catheter into the epidural space for continuous infusion of analgesic medications to take 

advantage of both benefits offered by spinal and epidural techniques (Ranasinghe et al., 2018). 

This technique involves advancing a Tuohy needle into the ligamentum flavum. Next, the needle 

is advanced into the epidural space using the LOR technique. Afterward, the anesthesia provider 

extends a spinal needle through the Tuohy needle until CSF flows from the intrathecal space. 

The spinal needle allows the provider to inject preservative-free local anesthetic and opioids into 

the intrathecal space. The anesthesia provider removes the spinal needle while leaving the Tuohy 

needle in place, allowing the provider to thread an epidural catheter in the epidural space 

(Kenevan et al., 2018). Therefore, providing the patient with rapid spinal anesthesia and the 

ability for continuous epidural anesthesia. 

Traditional Technique of Neuraxial Needle Placement 

 To provide neuraxial anesthesia with the traditional technique, anesthesia providers 

utilize visualization and palpation of anatomical landmarks to determine needle placement. The 

anatomical landmark of Tuffier’s line aligns with the patient’s iliac crests, which theoretically 

aligns with the L5 interspace of the spinal column in women (Sadeghi et al., 2021). The 

anesthesia provider uses visualization and palpation of the Tuffier’s line, spinous processes, and 

vertebral interspaces to determine the needle insertion point (Carvalho, 2008). Patients with 
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obesity, spinal deformity, and pregnancy can make the anatomy challenging to visualize and 

palpate (Kenevan et al., 2018; Rana et al., 2020; Tawfik et al., 2015). In addition, once the 

anesthesia provider determines where the needle will go, ideally below the L3 interspace for 

obstetrical neuraxial anesthesia, the provider is essentially blind regarding information such as 

the necessary needle depth, angle of needle trajectory, and any underlying anatomical variations 

that present to achieve neuraxial anesthesia (Carvalho, 2008). Inaccuracies exist in determining 

the desired interspace for needle placement with the traditional method. One study found that 

when using the traditional approach, anesthesia providers identified the correct vertebral level for 

needle placement 29% of the time (Broadbent et al., 2000). Preprocedural ultrasound provides a 

method for a provider to circumvent the inaccuracies associated with the traditional method of 

neuraxial needle placement. 

Preprocedural Ultrasound Technique of Neuraxial Needle Placement 

The literature describes in depth the technique for using preprocedural ultrasound to 

determine the placement of neuraxial anesthesia needles. FPS of neuraxial needles “relies on 

having both an accurate insertion point and needle trajectory” (Chin et al., 2018, p. 472). A 

preprocedural ultrasound identifies lumbar anatomy and estimates “the ideal needle insertion 

point and depth to loss of resistance” (Spence et al., 2012, p. 225). Due to the depth of the 

lumbar structures, a low frequency (2-5 MHz) curved probe is necessary (Spence et al., 2012; 

Turkstra et al., 2017). It is essential to utilize ultrasound equipment that is suitable for neuraxial 

anesthesia. 

Many approaches for using preprocedural ultrasound to facilitate neuraxial needle 

placement exist. Spence et al. (2012) used a longitudinal paramedian and a transverse plane 

ultrasound view to facilitate needle placement when using preprocedural ultrasound. The 
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following stepwise approach describes their technique in using preprocedural ultrasound to 

facilitate epidural catheter placement: 

1. Identify the sacrum and articular processes of the spine using the longitudinal 

paramedian view by placing the probe 2 to 3 cm to the left or right of the midline and 

angled toward the center of the spine. The midline of the desired interspace can then 

be identified between the articular processes of the desired location (L3 to L5). Make 

a mark in the middle of the probe for two desired interspaces with a marker. 

2. Turn the probe perpendicularly to the marked spaces for the transverse plane view. 

The image of the ligamentum flavum is viewed as a hypoechoic structure with an 

additional view of the spinal canal. Tilting the probe to attain the best image can 

provide information for the projected trajectory of the needle angle to enter the 

epidural space. Place another mark on the center of the topside of the probe. 

3. Freeze the transverse plane view image. Use calipers on the ultrasound machine to 

gain an estimated depth from the skin to the posterior border of the ligamentum 

flavum that the needle will travel to achieve epidural catheter placement. 

4. Draw a horizontal line from the mark created in step 1. 

5. Draw a perpendicular line from the mark created in step 2. The intersection of these 

two lines is the indicated site for ideal needle insertion. 

A study found a strong correlation between the estimated ultrasound depth of the epidural 

space and the actual depth (Canturk et al., 2019). The technique described is performed before 

creating a sterile field by placing a skin indentation at the intersected marker level before 

cleaning the patient (Turkstra et al., 2017). Thus, this process can be completed by an individual 

provider without compromising sterility. 
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One consideration for using preprocedural ultrasound in neuraxial anesthesia is 

equipment and cost (Sahin & Balaban, 2018). A concern for using preprocedural ultrasound is 

that it will take additional time to perform the procedure, which could cause issues in efficiency. 

An ultrasound machine dedicated to labor neuraxial anesthesia could mitigate some concern for 

efficiency issues. In their meta-analysis, Young et al. (2021) found that total procedural time for 

neuraxial anesthesia in obstetrics increased by one minute when preprocedural ultrasound was 

used compared to the traditional method. This amount of time is negligible. “Neuraxial 

ultrasound has few disadvantages, thus requiring only a marginal benefit to result in a favorable 

risk-benefit profile” (Chin et al., 2018, p. 472). Therefore, implementation of EBP 

recommendations pertaining to the use of preprocedural ultrasound for neuraxial labor anesthesia 

should be considered. 

Significance of the Problem Related to Anesthesia 

 Anesthesia providers and healthcare systems should work to prevent patient 

complications that stemmed from interventions and provided procedures. During every 

interaction with a patient, the goal of the provider is to prevent complications and establish 

desirable outcomes. Neuraxial labor anesthesia creates the potential for procedural complications 

such as multiple needle puncture attempts, multiple needle redirections, and improperly placed 

needles and catheters (Hadzic, 2017). These complications can lead to adverse patient outcomes, 

such as inadequate anesthesia, post dural puncture headache (PDPH), infection, hematomas, and 

back pain (Chestnut et al., 2020). Additionally, the prevalence of obesity in pregnant patients 

continues to rise (CDC, 2020). This trend potentially leads to an increased number of patients 

with impalpable landmarks. 
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The traditional neuraxial needle placement method involves assessing anatomical landmarks 

for needle placement with palpation. Preprocedural ultrasound is a newer method to facilitate 

neuraxial anesthesia needle placement that is less utilized. Young et al. (2020) state, "Given the 

challenges and complications associated with the conduct of neuraxial blockade in obstetrics, the 

introduction of preprocedural ultrasound could provide additional information to facilitate the 

procedure" (p. 819). A study found that only 22% of obstetrical units use ultrasound for 

neuraxial anesthesia (Bhatia et al., 2016). Lack of utilization exists despite evidence that 

preprocedural ultrasound can increase first-pass success rates of needle placement compared to 

the traditional method (Jiang et al., 2020; Young et al., 2020). By increasing first-pass success 

rates of neuraxial needle placement, less trauma will occur to a patient’s spinal anatomy thus 

potentially leading to fewer complications. 

Preprocedural ultrasound is a tool that anesthesia providers can use to provide neuraxial 

anesthesia for a laboring parturient. As ultrasound technology continues to advance, become 

more affordable, and increase in use, anesthesia providers must explore its applications in their 

practice (American Association of Nurse Anesthesiology [AANA], 2020). The traditional 

method of assessing anatomical landmarks with palpation to determine needle placement for 

neuraxial anesthesia techniques is complicated by factors that cause impalpable anatomies such 

as obesity, edema, and spinal deformity (Nagelhout & Elisha, 2018). Preprocedural ultrasound to 

determine the site of needle placement, depth, and angle for neuraxial anesthesia techniques has 

emerged as a promising alternative method of needle placement (Hadzic, 2017). Therefore, 

anesthesia providers should consider adopting preprocedural ultrasound as a method to provide 

labor neuraxial anesthesia. 
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To use preprocedural ultrasound in neuraxial anesthesia, the anesthesia provider must be 

proficient in scanning the anatomy and interpreting the sonogram's information. A plan to 

provide initial and continuing education in neuraxial ultrasound assessment is essential to 

implementing recommendations for using preprocedural ultrasound. The National Institute for 

Health and Care Excellence (2008) created a guideline on the use of ultrasound-guided 

catheterization of the epidural space. Yet, the guidelines are not focused solely on preprocedural 

ultrasound in the clinical setting, thus providing significance to this project. 

Healthcare systems can potentially improve patient outcomes by decreasing adverse 

events by implementing recommendations for a preprocedural ultrasound which can reduce 

litigation costs stemming from neuraxial procedures. Perlas et al. (2016) found that there was a 

reduction in traumatic neuraxial procedures by using ultrasound which may contribute to 

improved safety of neuraxial anesthesia. Implementing such recommendations does not come 

without a cost because an investment in continuing education and purchasing supplies such as 

additional ultrasound machines will be necessary for a successful implementation. In addition, 

implementing preprocedural ultrasound recommendations for neuraxial labor anesthesia requires 

monitoring and fine-tuning based on QI initiatives. Future research based on QI findings will be 

necessary to determine the continuing efficacy of preprocedural ultrasound for neuraxial labor 

anesthesia. 

Facilities providing obstetric patients with labor and delivery anesthesia services, should 

seek to improve CNB placement efficiency and patient outcomes. Despite existing literature 

describing its benefits, anesthesia providers may not use preprocedural ultrasound to facilitate 

neuraxial anesthetics for laboring patients. Implementing evidence-based recommendations to 

use preprocedural ultrasound to assist in neuraxial labor anesthesia placement has potentially 
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significant implications for patients, anesthesia providers, and healthcare systems by potentially 

decreasing complications. 

Project Objectives 

The Doctor of Nursing Practice (DNP) scholar will use the scenario of looking through the 

lens of an anesthesia department chief CRNA to develop a final scholarly project that seeks to 

improve the efficiency of needle placement and patient outcomes related to neuraxial anesthesia 

provided to laboring patients. This final scholarly project will provide a plan to implement 

recommendations based on the literature's evidence and a blueprint for QI. The Johns Hopkins 

Nursing Evidence-Based Practice (JHNEBP) model will guide the project to completion (Dang 

et al., 2022). Overall, the project will integrate knowledge into practice with the following 

objectives: 

1. Develop evidence-based practice (EBP) recommendations for using preprocedural 

ultrasound when providing neuraxial anesthesia to the laboring patient. 

2. Develop a comprehensive plan to implement said EBP recommendations. 

3. Develop a comprehensive plan to monitor and measure said EBP recommendations. 

Model Identification 

A model is foundational in providing direction for a project. In a rapidly changing world 

that continues to see significant advances in technology and informatics, anesthesia providers 

can easily fall behind in applying new technology and knowledge to their practice (Dang et al., 

2022). Optimization of care for patients who receive anesthesia services improves by combining 

the best evidence in the literature, clinical expertise, and patient preference/ values to provide 

evidence-based anesthesia practice (American Association of Nurse Anesthesiology [AANA], 

n.d.). Anesthesia providers should strive to implement the latest information and technology to 
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improve patient outcomes. Implementing EBP is a continuous process that allows for ongoing 

improvements in patient care.  

John Hopkins Evidence-Based Practice Model 

The theoretical framework for this final scholarly project is the John Hopkins Evidence-

Based Practice Model (JHEBP) for Nursing and Healthcare Professionals. The JHEBP “provides 

a structured and systematic way for clinicians to effectively use current research and non-

research evidence to determine best practices and provide safe, high-quality care” (Dang et al., 

2022, Part 1). The DNP scholar obtained permission to use the JHEBP model and tools 

(Appendix B). The JHEBP model is a framework that uses inquiry, practice, and learning within 

interprofessional teams as the three major model components. (Dang et al., 2022). In addition, 

the model provides a three-phase process as a systematic approach to creating best practices and 

practice improvements. The three phases are as follows:  

1. Develop a practice question. 

2. Find the best evidence. 

3. Translate the best evidence into practice. 

The components and phases of the JHEBP model continuously flow to develop best 

practices leading to practice improvements (Figure 1). Developing a practice question involves 

seven steps (steps 1-7), finding the best evidence involves five steps (steps 8-12), and the 

translation phase involves eight steps (steps 13-20) (Dang et al., 2022). If an anesthesia 

department seeks to implement this project, the DNP scholar completed phases 1 through 2 while 

providing a blueprint to accomplish phase 3 with a plan for implementation and QI. All steps 

involved in each phase of the JHEBP model are described in the following sections of the 

project. 
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Figure 1 

John Hopkins Evidence-Based Practice Model 

 

Note. ©The John Hopkins Hospital/ The John Hopkins University 

Phase 1: Develop a Practice Question 

Step 1: Recruit Interprofessional Team  

In developing a practice question, the DNP scholar recruited leadership from the 

following departments to the interprofessional team for creation and implementation of the 

project: obstetrical anesthesia, obstetrical nursing, finance, billing, information technology, and 

QI. If an anesthesia department wishes to implement the project, a similar interprofessional team 

would need to be recruited in addition to the anesthesia education department. 

Step 2: Determine Responsibility for Project Leadership 

 Responsibility for the project included the Chief CRNA of the anesthesia department. 

The anesthesia department educator and anesthesia clinical staff leadership also assumed 

responsibility for implementation of the project.  
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Step 3: Schedule Team Meetings  

The DNP scholar and all stakeholders determined a plan to meet quarterly. Tasks and 

objectives were assigned during the meetings to facilitate successful development of the project. 

Step 4: Clarify and Describe the Problem  

Key stakeholders identified a gap between current practice and the desired method of 

using preprocedural ultrasound to facilitate neuraxial anesthesia needle placement through 

clinical inquiry. Discussions with anesthesia providers presented anecdotal evidence that 

preprocedural ultrasound is not common practice for neuraxial anesthesia placement. 

Interviewed providers who use preprocedural ultrasound routinely provided support as 

proponents for such a project to have the potential to improve needle placement efficiency and 

patient outcomes. A review of the literature determined that evidence exists in support of using 

preprocedural ultrasound. A search of guidelines or recommendations at a Midwest hospital 

determined that guidelines and recommendations for using preprocedural ultrasound for 

neuraxial anesthesia do not exist. 

Step 5: Develop and Refine the EBP Question  

The key stakeholders created a problem, intervention, comparison, and outcome (PICO) 

statement that provided search strategy terms (Dang et al., 2022). Further refinement of the PICO 

question occurred over time to search for evidence targeted toward the desired outcomes. For 

instance, an outcome of the PICO question initially looked at “needle placement efficiency.” The 

key stakeholders refined the PICO to define “placement efficiency” as “first-pass success rates of 

needle placement.” Final PICO question: For obstetric patients who are eligible to receive 

neuraxial anesthesia for labor (P), would the development and implementation of an evidence-

based practice guideline for preprocedural ultrasound (I) vs. the traditional approach (C) increase 
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first-pass success rates of needle placement and decrease adverse events such as unintentional 

dural puncture, post dural puncture headache, and failed neuraxial block (O)? 

Step 6: Determine the Need for an EBP Project 

Laboring patients deserve continuous improvement in obstetrical anesthesia through 

development and implementation of EBP projects. An EBP project can begin once there is a 

body of sufficient evidence found in the literature. (Dang et al., 2022, Part 2). The DNP scholar 

and key stakeholders used the JHEBP decision tree to determine the need for an EBP project 

(Figure 2). Literature searches demonstrated that a body of evidence existed for appraisal to 

complete an EBP project. 

Figure 2 

JHEBP Decision Tree to Determine the Need for an EBP Project  

Note. ©The John Hopkins Hospital/ The John Hopkins University 
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Step 7: Identify Stakeholders 

The DNP scholar identified obstetrical patients, anesthesia providers, hospital 

administrators, obstetrical nursing staff, the finance department, and the billing department as 

relevant stakeholders for the project. 

Phase 2: Find the Best Evidence 

Step 8: Conduct Internal and External Search for Evidence 

The literature search included internal and external investigations and considered clinical 

practice guidelines, opinions of internal and external experts, position statements from 

professional organizations, and QI data. The following contains the literature search process. 

 The DNP scholar thoroughly investigated the literature in July 2022. The databases 

searched included PubMed, Cochrane Library of Systematic Reviews (CLSR), and the 

Cumulative Index to Nursing and Allied Health Literature Plus with Full Text (CINAHL). The 

DNP scholar derived the search terms from the PICO question. The search strategy included the 

Boolean search phrase of “(obstetric* OR pregnant OR labor*) AND (neuraxial OR spinal OR 

epidural OR combined spinal-epidural) AND (ultrasound OR sonography OR sonogram OR 

ultrasonography) AND (preprocedur*)” on each database. Exclusion criteria included articles 

that only provided abstracts, descriptions of research trials without full text, and articles on 

irrelevant topics. The Otterbein University Courtright Library department assisted in obtaining 

some of the articles. 

 The initial search of the literature on PubMed yielded 27 hits. The DNP scholar excluded 

four articles from the literature review and synthesis due to irrelevance, including articles with 

the following topics in the title: non-pregnant patients, low cerebrospinal fluid volume, 

microwave thermal ablation of spinal tumors, and management of vertebral compression 
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fractures. These are irrelevant results of the search as they did not provide insight into neuraxial 

anesthesia for laboring patients. In total, the DNP scholar reviewed and synthesized 23 articles 

obtained in the PubMed search. 

 The searches on the CLSR and CINAHL databases, using the same strategy as the 

PubMed search, yielded 21 and 7 results, respectively. The DNP scholar discovered no new 

articles with full text in both additional database searches. 

Step 9: Appraise the Level and Quality of Evidence 

In total, the literature search of three databases resulted in the review and synthesis of 23 

pieces of literature. The DNP scholar appraised the level and quality of evidence using the 

JHEBP Research Evidence Appraisal Tool (Dang et al., 2022). The 23 pieces of literature 

include three systematic reviews with meta-analysis, one systematic review without meta-

analysis, ten randomized-controlled trials (RCT), one case-control study, one observational 

study, two literature reviews, three case reports, one narrative review, and one expert opinion 

piece. The appraisal of the literature using the John Hopkins Nursing Evidence-based Practice 

(JHNEBP) tools resulted in 14 articles with level one, one with level two, one with level three, 

and seven with level five evidence (Dang et al., 2022). Using the JHNEBP tools, the DNP 

scholar rated most of the quality of evidence with a B grade, with seven articles rated with an A 

(Dang et al., 2022). The appraisal is summarized in the literature summary table found in the 

Appendix A. 

Step 10: Summarize the Individual Evidence 

The DNP scholar summarized the evidence in a literature summary table found in 

Appendix A. 
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Step 11 and 12: Synthesize Findings and Develop Best Evidence Recommendations 

The DNP scholar synthesized the findings in the literature review section of the project 

which follows in the next section. Using the Dang et al. (2022) descriptions for an overall body 

of evidence, the literature synthesis revealed good evidence and consistent results, which meant 

reliable recommendations could be created. Still, they should be evaluated for risk and 

organizational translation if implemented. Step 12 follows the literature review in the 

development of recommendations section. 

Literature Review 

 The clinical problem of scarcity of use and lack of EBP recommendations for a 

preprocedural ultrasound to facilitate neuraxial anesthesia procedures for parturients at a 

Midwest hospital led the DNP scholar to perform the described literature search. Most articles 

from the literature search comparatively study preprocedural ultrasound with the traditional 

palpation of anatomical landmarks to facilitate neuraxial needle placement. In addition, the 

articles provide evidence of the problem, methods of the traditional technique and preprocedural 

ultrasound in neuraxial anesthesia, and insight for creating EBP recommendations. 

Trends in Obstetrical Neuraxial Anesthesia 

 The adoption of ultrasound technology for neuraxial anesthesia is slow compared to its 

use for the placement of lines and regional blocks. One survey found that only 22% of obstetrical 

units use preprocedural ultrasound to facilitate neuraxial anesthesia (Bhatia et al., 2016). Newer 

anesthetists are embracing the practice of utilizing ultrasound in their approach compared to 

more established providers (Creaney et al., 2016). There should be a continued incline of 

providers who seek to use ultrasound as a tool for improving anesthesia care. 
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 Efficacy of Preprocedural Ultrasound vs. Traditional 

 Most of the literature compares preprocedural ultrasound's efficacy as a method for 

neuraxial anesthesia placement for laboring patients to the traditional way of visualizing and 

palpating the anatomy. The specific outcomes this project seeks to measure include the first pass 

success (FPS) rate and complications encountered due to neuraxial needle placement. 

First Pass Success 

The definition of FPS is achieving neuraxial anesthesia with the first needle pass, 

including no needle redirections (Jiang et al., 2020; Young et al., 2020). In a systematic review 

with meta-analysis, Young et al. (2020) analyzed RCTs involving 2,462 obstetrical patients in 

labor who received neuraxial anesthesia using preprocedural ultrasound or the traditional 

method. Overall, they found that preprocedural ultrasound increased the FPS of neuraxial 

procedures compared with the traditional method with a risk ratio of (95%CI) of 1.46 (1.16-

1.182), p = 0.001. Additionally, subgroup analysis of studies that they looked at which predicted 

difficulty of the neuraxial procedure indicated that preprocedural ultrasound increased FPS in the 

studies that predicted patients to be “difficult” or had “unspecified” descriptions with a risk ratio 

of (95%CI) of 1.56 (1.21-2.01), P = 0.0006 and (95%CI) of 2.7 (1.27-5.76), P = 0.01, 

respectively. Subgroup analysis of patients with the predicted difficulty of “easy” or 

“heterogeneous” descriptions in the RCTs included in the meta-analysis did not yield significant 

risk ratios showing an increase in FPS (p = 0.34 and p = 0.08, respectively) (Young et al., 2020).  

Jiang et al. (2020) also performed a systematic review with a meta-analysis of RCTs 

comparing preprocedural ultrasound with the traditional method. Their analysis also found that 

overall preprocedural ultrasound increased FPS with a risk ratio of (95%CI), 1.49 (1.21-1.84), p 

= 0.0002. Likewise, their subgroup analysis of predicted difficulty for neuraxial procedures also 
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found that patients predicted as “difficult” had an increased FPS with a risk ratio of (95%CI), 

1.40 (1.12-1.75), p = 0.003. In addition, patients predicted as “non-difficult” did not yield a 

significant risk ratio showing an increase in FPS (p = 0.30).   

In both systematic reviews with meta-analysis, FPS increased with using preprocedural 

ultrasound (Young et al., 2020)(Jiang et al., 2020)(Young et al., 2020). Yet, subgroup analysis 

revealed that in patients with predicted “non-difficult” placement of neuraxial anesthesia needles, 

the use of preprocedural ultrasound did not significantly increase FPS (Jiang et al., 2020)(Young 

et al., 2020). The evidence presented in both studies suggests that preprocedural ultrasound may 

be beneficial for improving FPS, especially for obstetrical neuraxial cases predicted to be 

difficult.  

Another systematic review with meta-analysis looked at first-attempt success rates of 

neuraxial needle placement, defined as “a single needle insertion with or without redirections” 

(Sidiropoulou et al., 2021, p. 6). In addition, they analyzed the outcome of the number of needle 

redirections (a backward and then the forward movement of the needle without removing it) in 

the RCTs they studied. While this analysis does not specifically look at this project's outcome of 

interest, it provides more insight into the efficacy of preprocedural ultrasound vs. the traditional 

method on FPS. In theory, FPS rates could potentially increase with increased first-attempt 

success rates and decreased needle redirections. Given the inconsistencies related to data 

collection, the literature outcomes are mixed. Their meta-analysis shows that preprocedural 

ultrasound increased the first-attempt success rate of neuraxial anesthesia with a risk ratio of 1.5 

(1.22 – 1.84), p < 0.00001. They also did a subgroup analysis of studies that looked at patients 

with difficult spines and obesity and found that the first-attempt success rate was increased by a 

risk ratio of 1.84 (1.44 to 2.34), p < 0.00001 (Sidiropoulou et al., 2021). 
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Interestingly, preprocedural ultrasound decreased needle redirections in the analysis of all 

the studies considered in the meta-analysis with a risk ratio of -0.33 (-0.74 to 0.09), p = 0.04. 

Within the same study analysis there a subgroup with difficult spines and obese patients which 

did not produce a significant decrease in needle redirections with a risk ratio of -0.23 (-0.85 to 

0.39), p = 0.34 (Sidiropoulou et al., 2021). As a limitation of the study concerning this project, 

most studies analyzed in the meta-analysis by Sidiropoulou et al. (2021) were of the obstetrical 

population but also included studies involving other patient populations such as orthopedics. 

Despite this, the meta-analysis offers insight that preprocedural ultrasound has the potential to 

increase first-attempt success rates and decrease redirections when placing neuraxial needles. 

Chin et al. (2018) studied FPS rates in women receiving CSE anesthesia for cesarean 

delivery. Two hundred eighteen women were randomized to a preprocedural ultrasound group or 

the traditional method for neuraxial needle placement. Of 105 parturients allocated to the 

preprocedural ultrasound group, 63.8% of the cases achieved FPS, while only 30% of the 110 

parturients assigned to the traditional method achieved FPS (p = 0.0001) (Chin et al., 2018). 

Additionally, they found that women in the preprocedural ultrasound group also required fewer 

additional needle insertions (p = 0.005) and needle redirections (p = 0.002) compared to the 

traditional approach (Chin et al., 2018). When stratifying the technical performance of FPS based 

on rated difficulties in palpating anatomical landmarks, Chin et al. (2018) found that 

preprocedural ultrasound increased FPS in women that had easily palpable spinous processes (p 

= 0.027) but not in women with moderate or difficult spinous processes or 

easy/moderate/difficult iliac crests. The Chin et al. (2018) study did not differentiate between 

epidural and spinal needle insertion FPS. Still, another RCT specifically looked at the FPS rates 

of spinal needle placement through an epidural needle for parturients undergoing CSE and found 
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that FPS was achieved in 93.8% of the preprocedural ultrasound group compared to 68.8% 

receiving the traditional method (p < 0.001) (Tao et al., 2020). Overall, these studies display that 

preprocedural ultrasound can potentially increase the FPS of neuraxial needles for parturients 

receiving CSE for cesarean delivery. 

Conversely, an RCT conducted by Tawfik et al. (2017) of 108 patients receiving 

epidurals for cesarean delivery demonstrated that FPS was not significantly increased with the 

use of preprocedural ultrasound vs. the traditional technique. Compared to the meta-analysis and 

other RCTs described above, the sample size in this study is relatively small. Of note, though, the 

study demonstrated that FPS was greater in the ultrasound group compared to the traditional 

method by 1.5% (Tawfik et al., 2017). Another RCT of 128 patients found similar results 

showing no significant differences for FPS between preprocedural ultrasound and traditional 

method groups, with 60% and 50% success in each group, respectively (Arzola et al., 2015). 

Although both studies did not demonstrate statistically significant results, the FPS rate was 

higher in the group that performed preprocedural ultrasound in both studies. 

In summary, the level one evidence found in the literature search demonstrates that 

preprocedural ultrasound has the potential to increase the FPS rate compared to the traditional 

method. Whether FPS is only increased by preprocedural ultrasound in cases where patients have 

impalpable spinous surfaces is debatable. RCTs with larger population sizes and varying degrees 

of predicted difficulty based on palpation are warranted to study the efficacy of preprocedural 

ultrasound vs. the traditional method on FPS. 

Complications 

In general, complications from neuraxial anesthesia are low. Still, risks can lead to 

morbidities such as post-dural puncture headache (PDPH), trauma to the anatomy of the spine, 
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and failed neuraxial anesthesia (Perlas et al., 2016). Due to the low rates of complications caused 

by neuraxial anesthesia, the evidence in the literature is limited. In theory, by preventing known 

mechanisms of injury by reducing multiple needle attempts and redirections and improving the 

accuracy of the level of the spine where the neuraxial needle is placed, complications can further 

be prevented (Perlas et al., 2016). “Multiple needle punctures while performing block is an 

independent predictor of undue complications such as paresthesia, vascular puncture, and 

PDPH” (Chin et al., 2018, p. 229). Even though the risks are low, preprocedural ultrasound 

provides additional assessment information that can further mitigate risks. 

One complication discussed in the literature is unintentional dural puncture during the 

placement of an epidural catheter. If the epidural needle (larger than a spinal needle) is placed 

too deep through the dura and into the intrathecal space, cerebrospinal fluid (CSF) can leak into 

the epidural space. The decreased CSF due to the leak can cause a lack of support for brain 

structures and irritation to brain tissue (Nagelhout & Elisha, 2018). If this happens, parturients 

can experience a PDPH. A study found that the sonogram of the ligamentum flavum at the L3 to 

L4 and L4 to L5 interspace was abnormal for patients who had previously experienced an 

unintentional dural puncture (Lee et al., 2008). Thus, preprocedural ultrasound can be used to 

identify patients at higher risk for PDPH and provide additional information in choosing a spinal 

level for needle placement with identifiable ligamentum flavum on ultrasound. When using 

preprocedural ultrasound to facilitate neuraxial needle placement, Carvalho (2008) recommends 

avoiding “the puncture of spaces in which the ligamentum flavum is either not seen or appears 

abnormal on ultrasound” (Carvalho, 2008, p. 156). This suggests that PDPH incidence can be 

decreased using preprocedural ultrasound. 
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In the meta-analysis by Young et al. (2021), they found a significant decrease in post-

partum headache (p = 0.006) but no significant decrease in unintentional dural punctures (p = 

0.670). One potential explanation for this is that some studies may have under-reported the 

incidence of an unintentional dural puncture due to a lack of knowing it happened, but instead, 

patients felt the effects of it by experiencing a post-partum headache. Conversely, a post-partum 

headache could be explained by other factors unrelated to unintentional dural puncture, i.e., 

dehydration. In another study, the incidence of unintentional dural puncture for patients receiving 

preprocedural ultrasound vs. the traditional approach was 1.9% and 2.7%, respectively (Chin et 

al., 2018). Thus, both approaches' incidence is low, but improved outcomes using preprocedural 

ultrasound are demonstrated. 

Every time a needle is introduced into the spinal anatomy, there is potential for trauma to 

occur, which could lead to backache, vascular puncture, or worse, spinal cord damage. Jiang et 

al. (2020) found that preprocedural ultrasound reduced the incidence of vascular puncture and 

backache compared to the traditional approach in their meta-analysis. While the results of the 

study for incidence of complications were not found to be significant due to the low rates of 

occurrence, Wu et al. (2018) also demonstrated fewer vascular punctures, nerve irritations, and 

patients demonstrating backache when patients received preprocedural ultrasound vs. palpation 

only. 

One complication of neuraxial anesthesia that can be devastating to the obstetrical 

patient's experience of anesthesia is the result of failed neuraxial anesthesia placement, resulting 

in the necessity for a general anesthetic during cesarean delivery. General anesthesia can prevent 

a mother from experiencing the initial moments after the birth of their child. One case report 

used preprocedural ultrasound to identify a safe location for spinal placement in a parturient with 



PREPROCEDURAL ULTRASOUND FOR NEURAXIAL ANESTHESIA 27 

 

spinal metastases and prevented the need for a general anesthetic (Tawfik et al., 2015). The 

parturient with predicted difficulty was able to avoid general anesthesia which improved the 

patient’s birthing experience. 

Several studies also demonstrated that preprocedural ultrasound decreased the number of 

needle passes and attempts required for the successful placement of neuraxial needles, thus 

potentially causing less trauma and nerve damage (Dhanger et al., 2018; Elgueta et al., 2017; 

Gayathri et al., 2021; Jiang et al., 2020; Wu et al., 2021; Young et al., 2020). Dhanger et al. 

(2018) found that patients who received preprocedural ultrasound experienced paraesthesias in 

only 2% of the cases compared to 28% in the group receiving the traditional approach (p = 

0.0001). Fewer needle passes and attempts potentially decreases nerve damage and parasthesias. 

In summary, preprocedural ultrasound provides additional information to potentially 

prevent complications and mitigate risks involved with neuraxial anesthesia in obstetrics. As 

reported in the literature, the incidence of complications is low even when using the palpation 

method. Still, there is evidence to support that preprocedural ultrasound has the potential to 

decrease complications. According to Sidiropoulou et al. (2021), “A firm conclusion on the 

incidence of minor and major complications with or without preprocedural ultrasound is not 

possible, and assumptions can be based on the observed reduction in the number of needle 

redirections and increased first-attempt success rate” (p. 11). Any decrease in complications for 

neuraxial anesthesia can lead to better patient outcomes and an improved patient experience. 

Training Programs 

To implement preprocedural ultrasound into practice, anesthesia providers must undergo 

initial and continuing education to develop and maintain the technical skills involved. Sadeghi et 

al. (2021) suggest that using preprocedural ultrasound can improve the learning of epidural 
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anesthesia techniques for all learners. Despite this, there is conflicting evidence in the literature 

and a lack of studies determining the learning curve for using ultrasound in neuraxial anesthesia 

(Sahin & Balaban, 2018). Grau et al. (2003) found that the success rates of anesthesia residents 

who performed their first 60 obstetric epidurals using preprocedural ultrasound information such 

as projected needle position, depth, and angle were significantly higher than residents using only 

traditional methods. In addition, teaching neuraxial procedures should improve teaching by 

providing students with a better understanding of underlying spinal anatomy (Carvalho, 2008). 

Thus, preprocedural ultrasound may be a tool anesthesia programs should use to teach neuraxial 

anesthesia. 

 Spence et al. (2012) suggest anesthesia providers gain experience in a controlled setting 

by reviewing didactic materials and performing practice scans on volunteers before incorporating 

preprocedural ultrasound into clinical practice. In the clinical setting, patients predicted not to be 

difficult should be scanned with preprocedural ultrasound to obtain and maintain competency 

(Spence et al., 2012). Based on this, the DNP scholar suggests that implementing preprocedural 

ultrasound as the standard of care for all neuraxial anesthesia procedures in obstetrics potentially 

improves patient outcomes and maintains competency for the technique. 

Summary 

 Despite a substantial amount of evidence displaying a potential to improve obstetrical 

neuraxial anesthesia with preprocedural ultrasound, this intervention is not the current standard 

of care. The literature review and synthesis found that preprocedural ultrasound increased FPS 

and potentially decreased complications associated with neuraxial anesthesia in obstetrics, 

especially in patients with impalpable landmarks. Implementing recommendations on using 

preprocedural ultrasound to facilitate placement of neuraxial needles will require a method for 
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placement that the literature described. With training and achieved competence in using 

preprocedural ultrasound, an anesthesia provider has the potential to improve the efficacy of 

neuraxial anesthesia procedures in obstetrics. 

Evidenced-Based Practice Recommendations 

 The EBP recommendations provided in Appendix C are designed to promote 

improvements in the quality of patient care for laboring patients receiving neuraxial anesthesia 

but cannot guarantee any specific patient outcome. The recommendations should be used to 

implement the use of preprocedural ultrasound for facilitation of neuraxial anesthesia procedures 

provided to laboring patients. 

Preprocedural ultrasound is not commonly used in current practice to facilitate neuraxial 

anesthesia procedures for laboring patients. Most providers use visualization and palpation of the 

anatomy to determine neuraxial needle placement (Jiang et al., 2020). This technique is 

considered “blind” since assessment of projected needle depth, angle of needle trajectory, and 

any underlying anatomical variations is unachievable. As found in the literature, preprocedural 

ultrasound allows the anesthesia provider to gain additional assessment information, improve 

FPS rates, and potentially decrease complications. The recommendations are as follows: 

• Train all obstetrical anesthesia providers on how to use preprocedural ultrasound 

to facilitate neuraxial anesthesia placement. 

A lack of formal training on using preprocedural ultrasound to facilitate neuraxial 

anesthesia for labor contributes to its shortage of use. Interestingly, the Council on Accreditation 

of Nurse Anesthesia Educational Programs (COA) (2021) approved a new minimum requirement 

for all student nurse anesthetists matriculating into a doctoral program after January 1, 2022, to 
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obtain a minimum of ten regional ultrasound cases. Using ultrasound for neuraxial procedures 

would meet this clinical requirement for nurse anesthetists to graduate.  

As newer anesthesia providers are required to get ultrasound experience, current 

anesthesia providers will also need formal training to stay at the forefront of implementing 

technology to improve clinical practice. A CRNA’s scope of practice includes the use of 

ultrasound in diagnosis and delivery of care (AANA, 2020a). Training considerations include 

providing didactic and hands on training which includes mentored patient-based scanning. All 

requirements for ultrasound credentialing and privileging need to be met (AANA, 2020b). Refer 

to federal, state, local, and facility requirements. 

• Purchase an ultrasound machine to be exclusively used for neuraxial anesthesia 

procedures. 

Purchasing an ultrasound machine exclusively for neuraxial anesthesia procedures is 

necessary to decrease procedure time. Depending on the number of anesthesia providers actively 

managing neuraxial anesthetics on a labor and delivery unit, purchasing more ultrasound 

machines and supplies may be warranted to prevent providers from having to wait for an 

available machine. The budget cost of purchasing additional equipment can be supported with 

this information. 

• Use preprocedural ultrasound to facilitate neuraxial anesthesia provided to 

laboring patients who meet one or more of the following criteria: Body Mass 

Index (BMI) > 30, impalpable neuraxial landmarks, marked deformity of the 

spine, or history of difficult neuraxial anesthesia. 

The use of preprocedural ultrasound was found to be especially useful in patients with 

predicted procedure difficulty. Rates of obesity continue to rise thus anesthesia providers will 
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continue to encounter more pregnant patients who have impalpable spinous landmarks which 

may lead to difficult neuraxial anesthesia placement. Preprocedural ultrasound allows the 

anesthesia provider to improve and offer neuraxial anesthetics to patients who are obese, have 

impalpable landmarks, have a deformity of the spine, or have a history of a previous difficult 

neuraxial anesthetic placement. 

• Monitor staff adherence of provided clinical recommendations along with 

monitoring clinical outcomes including first pass success rates of neuraxial needle 

placement and complications associated with neuraxial anesthesia placement. 

Phase 3: Translate the Best Evidence into Practice 

 If an anesthesia department seeks to implement the recommendations, the DNP scholar 

has provided a blueprint to do this. The blueprint includes a plan for implementation in addition 

to a plan for QI after the recommendations are implemented. Phase 3 includes steps 13 through 

20 of the JHEBP model. 

Step 13: Identify Practice Setting  

The DNP scholar obtained feedback on the proposed recommendations from 

stakeholders. The input determined readiness for a practice change, the feasibility of 

implementation in the specific practice setting, and the available resources (Dang et al., 2022). 

The setting for the proposed project implementation is an urban level one trauma center in the 

Midwest that is also a level III maternity center that provides obstetric patients with labor and 

delivery anesthesia services. In the future, the provided recommendations, comprehensive 

implementation plan, and outcome analysis plan can be used at any facility that provides 

neuraxial anesthesia to laboring patients. 
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Step 14: Create Action Plan 

A plan for implementation of the recommendations is presented. “The team must 

consider the who, what, when, where, how, and why when developing an action plan for a 

proposed change” (Dang et al., 2022, Part 2). The DNP scholar designed a plan that considers 

these factors to implement the provided evidence-based practice recommendations in the future. 

Implementation 

The Chief CRNA will first create an organizational infrastructure to implement the 

project. The organizational infrastructure will include building support for implementing the 

recommendations, providing necessary training, and acquiring the resources for successful 

implementation. Dang et al. (2022) recommends recruiting individuals “who are supportive of 

the recommended practice change and who will be able to support the project leader during the 

translation phase of the project” (Part 3). This team will consist of well-respected individuals of 

the organization from the departments of anesthesia staff, anesthesia education, biomedical 

engineering, information technology (IT), obstetrical nursing, and QI. The team will work as a 

unit to provide the organizational infrastructure described below, which will be required to 

implement the recommendations successfully. 

Education and Training 

To implement preprocedural ultrasound into practice, anesthesia staff who provide labor 

neuraxial anesthesia will need to be trained. Melnyk and Fineout-Overholt (2019) recommend 

creating a staff member who is an expert. The anesthesia staff member appointed to the 

preprocedural ultrasound infrastructure team should attend a reputable in-person conference. The 

Twin Oaks epidural and spinal conference is used as an example. Over two days, the attendee 

will develop spinal and epidural ultrasound skills through lectures and hands-on labs while 
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acquiring 16 Class A continuing education credits for CRNAs (Twin Oaks Anesthesia, n.d.-a). 

After the successful completion of the conference, the attendee will be labeled as the 

Preprocedural Ultrasound Champion. The Preprocedural Ultrasound Champion will be a 

resource for promoting the project and training the rest of the anesthesia staff, who will only 

partake in an online workshop provided by Twin Oaks Anesthesia. 

Twin Oaks Anesthesia offers a Spinal & Epidural Ultrasound course through an online 

learning platform that provides CRNAs with 8.25 Class A continuing education credits (Twin 

Oaks Anesthesia, n.d.-b). Due to the online course being made up of 8 hours of video content 

followed by short exams, the course is estimated to take 10 hours to complete. All anesthesia 

staff will need to complete the course as a requirement to be able to place a neuraxial anesthetic. 

Margarido et al. (2010) recommend that spinal ultrasound competency be achieved with greater 

than twenty supervised scans and educational material.  

In addition to the online course, anesthesia staff will be responsible for accomplishing 

greater than twenty supervised preprocedural ultrasounds for labor neuraxial anesthesia. The 

Preprocedural Ultrasound Champion will be responsible for supervising these until other staff 

members have reached competency. Once other staff members have reached competency, they 

are deemed super users and can be used to supervise and train additional staff. While the 

recommendations require a preprocedural ultrasound for patients with indicators of a predicted 

difficult neuraxial needle placement, competency in preprocedural ultrasound can be created and 

maintained through ultrasound of patients who are predicted to be easy. Competent staff 

members who reach the thirty supervised preprocedural ultrasounds can then supervise other 

anesthesia staff who have yet to achieve competency. The anesthesia educator will oversee the 
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tracking and maintenance of records on completion of the course and the competency standards 

that have been set. 

Biomedical Engineering 

Preprocedural ultrasound for neuraxial anesthesia requires ultrasound technology with a 

low-frequency (2-5 MHz) curved probe. The biomedical engineering department will be 

responsible for purchasing an ultrasound machine that is to be exclusively used for preprocedural 

ultrasound in labor and delivery suites. A quality ultrasound machine can cost around $25,000 to 

$100,000 depending on the condition purchased (Ultrasound Solutions Corp, 2022). The finance 

department should consider a machines image quality, applications, warranty, mobility, and 

future maintenance costs. The following is a list of brands that sell ultrasound machines but by 

no means is an exhaustive list of all available companies: Samsung, GE, Philips, Sonosite, 

Mindray, Toshiba, Siemens, and Butterfly Network. The Preprocedural Ultrasound Champion 

and the finance department representative should consult with several companies to explore the 

best option for an ultrasound machine to be purchased for labor neuraxial anesthesia. 

Information Technology 

The electronic medical record (EMR) interface will need updates to incorporate the use 

of preprocedural ultrasound into practice. A specialist from the Information Tecnhology (IT) 

department and representatives from the anesthesia and obstetrical nursing department will work 

together to build a functional EMR infrastructure. The EMR updates will include a charting 

method to identify patients who meet the recommended criteria found in Appendix C. The EMR 

will use the criteria to identify patients who are to receive a preprocedural ultrasound, a point and 

click method to record the use of preprocedural ultrasound, and a point and click method to 

indicate if the neuraxial needle placement is a first pass success. 
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Obstetrical nursing staff will be responsible for recording information such as patient 

weight, height, history of anatomical variations of the spine, and history of difficult neuraxial 

anesthesia placement. The EMR system will identify when a recommended criterion is met for 

the patient to receive preprocedural ultrasound by triggering a notification to the anesthesia staff 

reflected on the obstetrical patient summary sheet. Point and click charting can be added to the 

anesthesia neuraxial procedure charting interface to indicate if preprocedural ultrasound was 

used and to document first pass success. 

Obstetrical Nursing 

The obstetrical nursing department will play a key role in making the project successful. 

They will receive in service training on assessing the recommended preprocedural ultrasound 

criteria and identifying complications associated with neuraxial anesthesia. The anesthesia 

educator and obstetrical nursing educator will work together to create the in-service training that 

can be provided to nurses while on shift. When a complication is identified, the anesthesia staff 

will be notified so that the patient can be treated and proper documentation can be achieved. 

Timeline 

Implementation of the proposed evidence-based practice recommendations is estimated 

to take a total of twelve months, Table 1. The estimated timeline developing an organizational 

infrastructure, including training, purchasing equipment, and information technology upgrades to 

the EMR, will take a total of three months. Despite this, anesthesia providers should begin to use 

preprocedural ultrasound to obtain competency as soon as online training is completed and an 

ultrasound machine is available. Full implementation of the recommendations will begin in 

month four of the project, understanding that not all providers may be trained until the sixth 

month. A goal of having 50% of the staff trained by the fourth is reasonable. Months six through 
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twelve will include full implementation of the recommendations with continuous monitoring of 

compliance and outcomes that may warrant adjustments. 

Table 1 

Estimated Timeline of Implementation Plan 

Task Month 

 1 2 3 4 5 6 7 8 9 10 11 12 

Development of Recommendations   

Training, Purchasing, and Technology    

Implement Recommendations into 

Practice 

  

Monitor Compliance and Outcomes   

Adjust the Recommendations   
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Budget 

The estimated expenses associated with implementing the recommendations include IT 

labor costs for the EMR infrastructure, training, purchasing technology, and QI costs. Table 2 

provides a summary of the estimated project budget.  

 

Table 2 

Estimated Project Budget 

Expense Estimated Cost 

Information Technology $552 

Twin Oaks Spinal and Epidural Conference $4,027 

Twin Oaks Spinal and Epidural Online Training $25,100 

Ultrasound Machine $100,000 

Quality Improvement $416 

Total Estimated Cost $130,095 
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The IT EMR infrastructure is estimated to take twelve hours to build. Average salary of a 

healthcare information technology specialist is $34 per hour (ZipRecruiter, 2022b). Thus, the 

information technology costs of the project are estimated to be $552. 

Costs associated with Preprocedural Ultrasound Champion training include room and 

board for two nights stay for the Twin Oaks Anesthesia conference. Room and board are 

estimated to be $600 which includes $200 per night at a hotel and $100 per day for food and 

beverage. Travel expenses will also need to be considered and estimated round trip flight is 

$600. Cost of the conference is $1,099. In addition, the conference attendee will be paid sixteen 

total hours. With the average CRNA salary reported at $108 per hour, the estimated salary cost to 

attend the conference is $1,728 (ZipRecruiter, 2022a). In total, costs to train the Preprocedural 

Ultrasound Champion is estimated to be $4,027. The online course for additional CRNAs is 

estimated to take ten hours per provider to complete and each class costs $175 per provider. For 

twenty CRNAs to complete the online training it is estimated to cost $25,100. 

The cost to purchase an ultrasound capable for implementing this project can vary greatly 

including the cost of maintenance and warranty. The estimated cost to purchase an ultrasound 

machine exclusively for labor neuraxial anesthesia is $100,000 (Ultrasound Solutions Corp, 

2022). Monitoring the compliance of following the recommendations and outcomes associated 

with preprocedural ultrasound is estimated to take two hours monthly by a QI specialist. The 

average salary for a QI specialist is $26 per hour, so the total cost for eight months of monitoring 

is $416 (ZipRecruiter, 2022b). The total budget for the project is estimated to be $130,095. 

Return on Investment 

Realization of a return on investment may take time. Most insurance carriers will not 

reimburse for preprocedural ultrasound for neuraxial anesthetics because placement of the 
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neuraxial needle is not guided in real-time (Kline, 2011). Despite this, implementing the 

evidence-based practice recommendations provides a potential opportunity for a return on the 

significant investment to be made through mitigation of medicolegal risks.  

The most common injuries involved permanent neurological deficit and post dural 

puncture headache. In an analysis of medicolegal issues in obstetric anesthesia between 2005 and 

2015 Kovacheva et al. (2019) found that maternal nerve injuries from neuraxial anesthesia were 

the most frequent cause of closed claims. The settlement amounts for maternal nerve injury 

ranged from $8,724 to $227,468 with legal expenses ranging from $0 to $307,487 (Kovacheva et 

al., 2019). Greater than 50% of the maternal injury closed claims involved injury to the spinal 

cord thus providing an emphasis on accurately identifying the lowest interspace to provide a safe 

neuraxial anesthetic. Preprocedural ultrasound allows for the provider to accurately identify the 

lumbar interspaces which lowers the risks associated with the traditional method of neuraxial 

needle placement. 

Additionally, obstetric patients are at a higher risk of having a difficult airway (Chestnut 

et al., 2020). Failed airway management can lead to maternal and fetal death or brain injury, 

leading to settlement payments ranging from $13,597 to $5,665,292 (Kovacheva et al., 2019). 

With improvements in neuraxial needle placement using preprocedural ultrasound, general 

anesthesia can potentially be avoided, thus mitigating the medicolegal risks. Due to ultrasound 

being safe and void of harmful effects, there is only potential for a decrease in litigation risk 

involved with labor anesthesia. 

Work Flow 

 Patients admitted to the labor and delivery department will require a height and weight to 

calculate a BMI. BMI is a recommended indicator to trigger the use of preprocedural ultrasound. 
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In addition, anesthesia staff will assess for other indicators including impalpable neuraxial 

landmarks, marked spine deformity, and a history of difficult neuraxial anesthesia. If one or 

more of the recommended indicators is found true during the patient assessment, preprocedural 

ultrasound will be required if a neuraxial anesthetic is desired. As part of the EMR infrastructure, 

additional assessment questions to identify the indicators may be required for the admission 

assessment with point and click questions that the obstetrical nursing staff will ask. For example, 

the point and click assessment of the indicators by the obstetrical nursing assessment staff is 

found to be true or the BMI is greater than 30. In that case, the EMR infrastructure should alert 

the anesthesia provider that preprocedural ultrasound should be used for patients who consent for 

neuraxial anesthesia. 

 After a patient is identified as requiring preprocedural ultrasound for a neuraxial 

anesthetic, anesthesia staff will consent the patient for the procedure. After consent is received, a 

trained anesthesia provider will scan the patient before creating a sterile field. A skin marker will 

be used to mark two eligible interspaces and midline for those spaces. Needle trajectory and 

measured ultrasound depth of the desired spinal structures will be noted. A sterile field will then 

be created, and the neuraxial anesthetic will be placed at one of the marked interspaces. If 

placement at the first attempted interspace fails, the second marked interspace can be used 

without having to break the sterile field. Upon successful placement of the neuraxial anesthetic, 

the anesthesia provider should document details about the use of preprocedural ultrasound. 

 The EMR infrastructure will require additional features including a point and click option 

to indicate that preprocedural ultrasound was used to facilitate the placement of the neuraxial 

anesthetic. Suppose this point and click option is selected. In that case, additional assessment 

information for preprocedural ultrasound will populate including the exact vertebral interspace, 
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measured depth, and needle trajectory used to place the neuraxial needle. Click and point options 

to indicate first pass success of needle placement will also be required if not already available. 

Documentation of first pass success of needle placement will be key for future monitoring and 

adjustment of QI for the project. 

 The standard of care for neuraxial anesthetics requires continuous monitoring of the 

effectiveness of the blocks. Suppose the patient experiences complications including a failed 

neuraxial block, postdural puncture headache, and backache after the removal or discontinuation 

of a neuraxial anesthetic. In that case, the EMR should have click and point options to document 

these occurrences so they can be tracked. 

Labor Impact 

 The labor impact caused by implementing the recommendations is estimated to be 

minimal for anesthesia providers. Obstetrical nursing staff will play a key role in assessing and 

identifying neuraxial procedure complications, including failed neuraxial block, postdural 

puncture headache, and backache. An in-service training can be used to stress the assessment 

indicators for these complications. The anesthesia provider should be notified if the nursing staff 

assesses a complication so that it can be addressed through additional interventions and 

appropriately documented. 

Phase 3: Translate the Best Evidence into Practice Continued 

Step 15: Secure Support and Resources to Implement Action Plan 

Training for anesthesia staff on using preprocedural ultrasound for neuraxial anesthesia 

will require resources and a plan to implement and maintain proposed recommendations. 

Practice settings will also need additional supplies such as ultrasound machines and gel available 

in laboring suites of the obstetrical department.  
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Step 16: Implement Action Plan 

A comprehensive plan to implement this project is provided in the implementation 

section. 

Step 17: If Change is Implemented, Evaluate Outcomes to Determine Whether 

Improvements Have Been Made 

The DNP scholar will not implement this project due to academic time constraints, but 

rather the project provides a blueprint for implementation and QI. The following section of the 

project provides said blueprint for QI if the implementation plan is used. 

Quality Improvement 

Monitoring the Recommendations 

 Recommendation #4 includes monitoring staff adherence to the recommendations, FPS 

rates of neuraxial needle placement, and complications associated with neuraxial anesthesia, 

including failed neuraxial block, postdural puncture headache, and backache. The QI department 

will monitor this recommendation and report to the Chief CRNA and the interprofessional team 

recruited to translate the recommendations into practice. Starting on the 5th month, after one 

month of full implementation of the recommendations, the QI department will audit patient 

charts who received neuraxial anesthetics for labor monthly. The IT and QI departments will 

work together to form a seamless auditing system that allows reports to be created to monitor the 

recommendations. The EMR will play a key role in monitoring the recommendations. The IT 

department will include additional features in the EMR to identify the recommended indicators 

to trigger preprocedural ultrasound use and document the first-pass success of needle placement 

and associated complications.  
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Staff Adherence 

An audit report feature should be included so the QI department can monitor the staff's 

adherence to the recommendations. This will include monitoring compliance of using 

preprocedural ultrasound for patients who meet the indicators. The goal is for 100% of patients 

with predicted difficulty indicators to receive a preprocedural ultrasound to facilitate labor 

neuraxial anesthesia. The QI department will report compliance rates for this goal to the Chief 

CRNA monthly. 

First Pass Success 

The outcome of placing a neuraxial needle with the first pass will also be tracked through 

chart audits of the EMR. The IT department will provide an option to chart this and provide a 

method for the QI department to run an audit to determine FPS rates. Suppose the previous 

charting before implementing the recommendations on FPS rates is available. In that case, a 

retroactive chart review should be conducted to determine the FPS rates of all the labor neuraxial 

anesthetics in the previous year to determine a facility benchmark for the outcome. The meta-

analysis by Young et al. (2021) found that first pass success was achieved at a rate of 58% for 

the neuraxial labor anesthetics with predicted difficulty. Additionally, the meta-analysis by Jiang 

et al. (2020) found that first pass success was achieved at a rate of 60% for the neuraxial labor 

anesthetics with predicted difficulty. If facility benchmark data is unavailable through retroactive 

chart review, a benchmark goal of greater than 60% of labor neuraxial anesthetics with predicted 

difficulty should be used. Rates of first-pass success will be reported to the Chief CRNA 

monthly. 
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Complications 

A chart audit for the incidence of unintentional dural punctures, post dural puncture 

headaches, and failed neuraxial block should be conducted to determine complications over the 

previous year before implementing the recommendations. The goal for these complications 

should be zero incidences after the recommendations are implemented. The preprocedural 

ultrasound team should review complications incidences to determine improvement areas. 

Incidence of complications will be reported to the Chief CRNA and preprocedural ultrasound 

team monthly. 

Adjusting the Recommendations in the Future 

 A potential barrier to implementing the recommendations is anesthesia non-compliance 

due to preprocedural ultrasound creating extra work. Preprocedural ultrasound should not take 

additional time compared to the traditional technique thus additional staff education instilling 

this evidence may be necessary. It is also possible that training on preprocedural ultrasound is 

inadequate, which will require increasing the amount of supervised neuraxial anesthetics placed 

with ultrasound. This adjustment to training requirements can also be used if FPS rates are not 

increased or incidence of complications is not decreased. If anesthesia staff finds it difficult to 

obtain an ultrasound machine quickly to facilitate a neuraxial anesthetic, purchasing additional 

ultrasound machines may be necessary. 

Phase 3: Translate the Best Evidence into Practice Continued 

Step 18: Report Results to Stakeholders 

Results were not reported to stakeholders for this project due to the project not being 

implemented. Rather, the project will be disseminated to the anesthesia and academic 

community. 
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Step 19: Identify Next Steps 

The DNP scholar has prepared a blueprint to be used if an obstetrical unit desires to 

implement the provided recommendations pertaining to preprocedural ultrasound in neuraxial 

anesthesia in the future. 

Step 20: Disseminate Findings 

The DNP scholar will disseminate the project to an urban level one trauma center in the 

Midwest that is also a level III maternity center that provides obstetric patients with labor and 

delivery anesthesia services. A poster describing the EBP project will be created and displayed in 

a high traffic area for anesthesia personnel to disseminate the plan. If this project is implemented 

in the future, findings should be disseminated to other providers of neuraxial anesthesia.   

Conclusion 

Neuraxial anesthesia is a cornerstone of providing comfort and relief to laboring patients. 

Anesthesia providers can experience challenges in placing neuraxial anesthesia needles, 

especially in patients with predicted difficulty indicators. Ultrasound technology is increasingly 

used for regional anesthesia but is not a standard of care in labor neuraxial anesthesia. The 

evidence found in the literature shows that first-pass success rates of neuraxial needle placement 

are increased, and complications are decreased using preprocedural ultrasound, especially for 

patients with predicted difficulty. As adoption of the EBP recommendations occurs, additional 

evidence for the use of preprocedural ultrasound in labor neuraxial anesthesia can be generated. 

Implementation of the recommendations provided, and use of the QI plan is intended to improve 

labor neuraxial anesthesia. In the future, using preprocedural ultrasound as a method to provide 

neuraxial anesthesia to laboring patients with predicted difficulty has the potential to become a 

standard of care. 
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