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Background: Low-risk and realistic simulation strategies are needed to train clinical learners to perform hands-on invasive 
procedures. This follow-up study compares the utility of landmark-guided palpation-based to ultrasound-guided teaching techniques 
for subclavian central venous access using formalin-embalmed cadavers.
Methods: The subclavian veins of 3 cadavers were imaged with ultrasound to evaluate vein patency before palpation-based venous 
access was attempted. Twenty-three first-year medical students were trained to access the subclavian vein using palpation-based 
techniques. Training involved ten minutes of didactic orientation and ten minutes of hands-on practical instruction using cadavers. 
Participant confidence was measured using a 10-point Likert scale on pre- and post-training questionnaires. Objective skills testing for 
each participant included quantifying the number of skin punctures and recording the time elapsed from first skin puncture to fluid 
flashback into the syringe. Data was analyzed using a generalized linear model (GLM) approach.
Results: Participant confidence significantly increased following training in both ultrasound and palpation training groups across all 
questionnaire items (P<0.001). The ultrasound group had fewer skin punctures (P<0.001) and fewer failures (1) than the palpation 
group (6). Participants in the ultrasound group were more confident than those in the palpation group in their ability to locate the vein 
and select the optimal site for needle access (P<0.05).
Conclusion: Formalin-embalmed cadavers provide a safe, stress-free, and effective means by which to train students in subclavian 
vein access using both palpation and ultrasound-based techniques. Repeated practice accessing and aspirating fluid from a cadaveric 
subclavian vein significantly increases trainee confidence, an essential factor in physician performance that may lead to fewer 
complications. Introducing this type of low-risk and hands-on practice may be beneficial for trainees before they attempt subclavian 
vein access on live patients.
Keywords: education, medical, catheterization, central venous, landmark-guided central venous access, ultrasound-guided central 
venous access, formalin embalmed cadaver

Introduction
Central venous catheterization is used regularly for temporary and permanent venous access. Depending on the clinical 
scenario, several different access points may be used for this procedure, including the internal jugular, subclavian, and 
femoral veins.1 The most common access point is the internal jugular vein due to ease of accessibility.2 A review of these 
various access points has shown few differences in complication rates. Although slightly more difficult to place, 
subclavian vein central venous catheters have been associated with less risk of central venous catheter-associated 
bloodstream infection and subsequent sepsis.3,4
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Chest X-ray and intracavitary ECG are commonly used clinically to verify or guide correct central venous catheter 
placement.5–7 Ultrasound (US) is another method that can be used to guide venous access and confirm the correct placement of 
a central venous catheter.8 Moreover, it is safer, less expensive, and faster than obtaining a chest x-ray.8,9 The Accreditation 
Council for Graduate Medical Education has established the importance of US guidance and requires a minimum of 20 central 
venous catheter placements during an emergency medicine residency.10 For most trainee resident physicians, US-guided 
central venous catheter placement results in fewer complications and faster cannulation than palpation-based techniques.11,12 

There is currently no standardized or specific timeline for learning central venous catheter placement in undergraduate medical 
school curricula.13,14 Trainee residents are typically taught this skill during their first year of residency, although some medical 
schools have begun training during fourth-year clinical rotations.15 Despite this shift, residents continue to demonstrate a lack 
of confidence when performing invasive procedures.16 The current pedagogy consists of apprenticeship-style learning on live 
patients without skills standardization or assessment.17 Consequently, recent medical school graduates report insufficient 
exposure to invasive procedures such as central venous access.18

Some residency programs have adopted simulation-type training to teach invasive procedures using synthetic models. 
These models provide a low-risk learning environment for simulated practice but are costly and fall short of representing 
human tissues and anatomy accurately.19 When evaluating procedures such as intubation, lumbar puncture, central 
venous catheter placement, and thoracentesis, healthcare professionals who trained on human cadavers performed better 
to those trained on synthetic models.20 Fresh and soft-embalmed cadavers are highly accurate anatomically and 
sonographically, however, cost and inaccessibility have proven to be challenging impediments to their widespread 
utilization.21–23 Formalin-embalmed cadavers, which are widely used for anatomical education, may provide a useful 
alternative to synthetic models and other types of cadaveric specimens while preserving anatomic, tactile, and sono-
graphic accuracy.24

Although there are many benefits to using formalin-embalmed cadavers in medical education, there exist some 
obstacles to using them in US-guided procedure training. The desiccated nature of formalin-embalmed tissue often 
negatively impacts sonographic image quality.24,25 When considering vascular access in a formalin-embalmed cadaver, 
the embalming process causes fluid to form inside the vessels which is a different consistency than blood in a live patient. 
This fluid is a mixture of blood and embalming fluid. The embalming process itself can also have highly variable effects 
on blood vessel size due to variability in clotting.26

This follow-up study presents data that builds upon our prior work that shows that formalin-embalmed cadavers are a 
useful tool in teaching US-guided subclavian venous access.27 This present study compares the relative utility of 
palpation-based and US-guided training techniques to teach central venous catheterizations in the subclavian vein. 
This study aims to determine if formalin-embalmed cadavers are an effective training tool for teaching trainees using 
both types of central venous access techniques.

Materials and Methods
Setting and Population
This single center observational study was conducted at Rocky Vista University College of Osteopathic Medicine 
(RVUCOM) in Ivins, Utah following study design review and approval by Rocky Vista University’s Institutional 
Review Board (IRB #2019-0099). Permission to utilize body donor materials for research purposes was obtained by 
the University of Utah’s Body Donor Program. After IRB approval, 48 first-year medical students volunteered as 
participants and provided Institutional Review Board-approved written consent. There were 23 first-year medical student 
participants who had not performed the procedure before in the palpation group. Data from the remaining 25 participants 
was accessed from a prior study and served as our US group.27 US and palpation-related data were collected and 
analyzed over one year.

Inclusion and Exclusion Criteria for Study Participants
The only criterion for inclusion in this study was status as a first-year medical student at RVUCOM. First-year students 
were utilized because they were most likely to be procedure naive. No exclusion criteria were utilized.
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Equipment
Subjective questionnaires were distributed to all study participants via Google Forms (Google, LLC, Mountain View, 
CA). The luminal diameter of each subclavian vein was measured using ImageJ (University of Wisconsin, Madison, WI, 
and National Institutes of Health, Bethesda, Maryland). Two Z5 Portable Doppler US systems equipped with 12–14 MHz 
linear transducers were employed during the study (Mindray Medical International Ltd., Shenzhen, China). Each 
transducer was wrapped in a Tegaderm film (3M Deutschland GmbHm, Neuss, Germany), sealing a layer of transducer 
gel (McKesson Medical-Surgical, Richmond, VA) against the transducer’s foorprint and protecting it from the cadaver 
tissue. Placement of the needle into the subclavian vein was executed using 2-inch, 21-gauge BD PrecisionGlide needles 
with 20 mL disposable syringes (Becton Dickinson and Company, Franklin Lakes, NJ).

Cadaver Imaging and Selection
A total of 6 subclavian veins from 3 formalin-embalmed cadavers were imaged with US to assess the patency of the 
subclavian veins (Figure 1A and 1B). These 3 cadavers with patient subclavian veins, were utilized to train 23 
participants in landmark-guided palpation-based central venous access.

Didactic Instruction
Each participant watched a 10-minute orientation video outlining the purpose of the study, needle safety, and step-by-step 
instructions for palpation-based subclavian vein access.

Figure 1 Feasibility imaging of the formalin-embalmed subclavian vein. Figure used with permission from the University of Utah’s Body Donor Program. (A–C) Demonstrate 
the infraclavicular view of a formalin-embalmed cadaver. (A) Depicts a short-axis view of the subclavian artery, vein, and associated structures. (B) Depicts a long-axis view of 
the isolated subclavian vein. (C) Depicts the short-axis view with a needle tip visible during access to the subclavian vein. (D) Demonstrates introducer needle placement 
into the subclavian vein using the landmark-guided palpation-based method.
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Practical Instruction – Palpation Group
Using a formalin-embalmed cadaver, participants in the palpation group received ten minutes of individual instruction in 
locating and accessing the subclavian vein from a board-certified general surgeon. During this instruction period, 
participants were able to access the subclavian vein as many times as possible during the ten minutes. The instruction 
of this session was standardized by having the same instructor provide one-on-one training with each participant in the 
palpation group. For this study, participants only inserted the introducer needle until a flashback of fluid was seen in the 
syringe and were instructed to stop advancing the needle immediately once flashback was observed to practice the skills 
needed to minimize the risk of potential pleural injury. None of the participants completed the full Seldinger Technique 
by placing a J-wire or central venous catheter into the subclavian vein.

Practical Instruction – US Group
Participants in the US group described in previous work27 received ten minutes of individual instruction from an 
Associate Professor of US using a formalin-embalmed cadaver. Participants were instructed to locate the subclavian 
vein in a short-axis view (Figure 1A) and use a dynamic approach to access the subclavian vein with the introducer 
needle (Figure 1C). Again, a rubric was employed to standardize instruction. The instruction steps in the rubric were 
based on guidelines from the American Institute of Ultrasound in Medicine on the proper use of US-guided vascular 
access.28

Skills Assessment
Participants of each group were objectively assessed on their ability to utilize either US guidance or palpation to 
independently achieve fluid flashback into the syringe from a cadaveric subclavian vein. Each attempt was evaluated 
based on three objective criteria: a flashback of fluid into the syringe, the amount of time from initial needlestick to fluid 
flashback, and the total number of skin punctures. Participants were allowed an unlimited number of attempts in a five- 
minute timeframe to achieve flashback, which was considered a successful attempt, and ended the skills assessment.

Subjective Assessment
Before didactic or practical instruction, all study participants completed an online questionnaire that inquired about 
participants’ previous experience operating US machines, performing US-guided or landmark-based procedures, and 
personal experience with central venous catheter placement. Depending on their assigned group, participants were also 
asked to indicate their self-confidence to perform specific technique-dependent tasks related to subclavian access 
(Table 1). This portion of the questionnaire used a sliding 10-point Likert scale (0 = strongly disagree to 10 = strongly 
agree) to evaluate participants’ self-confidence in each of these areas. The same questionnaire, with the additional option 
to submit free response participant feedback, was administered again after the didactic and practical instruction sessions. 
Questionnaire items 1–3 in the US and palpation group questionnaires were designed to be matched during analysis to 
allow comparison of any confidence differences between the groups (Table 1 and Table 2). Items 4 and 5 were unique to 
the US group questionnaire and assessed participant confidence in US transducer-specific skills (Table 1).

The pre- and post-training questionnaire items used in this study were previously validated by use in a previous 
project which explored using formalin-embalmed cadavers to teach medical students to perform US-guided knee 
arthrocentesis.24 The language of the questionnaire was modified to assess study participant self-confidence in indepen-
dently performing subclavian central venous access rather than knee arthrocentesis.

Statistical Analysis
Data was analyzed using a generalized linear model (GLM) approach where the responses in the pre- and post-training 
questionnaire assessments were defined as dependent variables while the assigned group was defined as the independent 
variable.29–31 An examination of the delta (Δ, post-pre) values are presented in Table 2 to evaluate the magnitude of the 
change from pre- to post-test. The goal was to detect associations in the questionnaire scores attributable to the specific 
training group to which a participant was assigned. The aptness of our models was evaluated for normality based on their 
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residual distributions. Verification was necessary due to the vulnerability of the Likert scale to normality issues when 
responses are clustered to one extreme of the scale. However, no normality concerns were detected, thus indicating the 
suitability of the GLM approach. All estimates are presented with their respective standard errors. All statistical analyses 
were performed using SAS/STAT v.9.4. (SAS Institute Inc. Cary, NC). Statistical significance was declared at p≤0.05.

Table 1 Subjective Questionnaire Items

Item Number Ultrasound Group Questionnaire Items

1 I can recognize the appearance of the subclavian vein on an ultrasound image

2 I can use ultrasound to guide placement of a needle within the subclavian vein without help

3 I am confident that I could use ultrasound to perform the needle placement steps of a central line placement procedure on a live 

patient without help if the procedure site was properly anesthetized for me

4 I am confident that I can simultaneously manipulate a needle and an ultrasound probe

5 I can use ultrasound to confirm the needle tip placement within the subclavian vein without help

Item Number Palpation Group Questionnaire Items

6 I can approximate the subclavian vein using palpatory techniques

7 I can use palpation to find a good location for the placement of a subclavian central venous catheter without help

8 I am confident that I could use palpation to perform the needle placement steps of a central venous catheter placement 
procedure on a live patient without help if the procedure site was properly anesthetized for me

Notes: This is the digital questionnaire administered to participants pre- and post-training. Items 1–5 were administered to members of the ultrasound group and items 6–8 
were given to the palpation group. Items matched for analysis include 1–3 and 6–8. Participants evaluated their self-confidence using a sliding 10-point Likert scale. The 
results of this questionnaire are illustrated in Figure 2.

Table 2 Matched Questionnaire Items Comparing the Ultrasound and Palpation Groups

Timing Question Description Item Number 
(Table 1)

Ultrasound (N=25) Palpation (N=23) P- 
value

Estimate Std. 
Error

Estimate Std. 
Error

Pre-training Locating subclavian vein 1, 6 2.28 0.40 2.30 0.42 0.9667

Correct needle placement 2, 7 1.84 0.28 1.70 0.29 0.7199

Independently perform 

procedure

3, 8 2.32 0.43 1.91 0.45 0.5201

Post-training Locating subclavian vein 1, 6 8.40 0.41 6.96 0.43 0.0186

Correct needle placement 2, 7 8.04 0.52 6.22 0.54 0.0185

Independently perform 
procedure

3, 8 6.64 0.50 5.09 0.52 0.0356

Delta (Post-Pre) Locating subclavian vein 1, 6 6.12 0.50 4.65 0.52 0.0488

Correct needle placement 2, 7 6.20 0.53 4.52 0.55 0.0331

Independently perform 

procedure

3, 8 4.32 0.56 3.17 0.58 0.1634

Notes: A comparison of matched self-confidence questionnaire items 1–3 and 6–8, the reported delta values represent the change in reported self-confidence between pre- 
and post-training questionnaires in the ultrasound and palpation groups. Statistical significance was declared at P<0.05.
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Results
Cadaver Imaging and Selection
US images of the infraclavicular region in the formalin-embalmed cadaver are shown in Figure 1. This images 
demonstrate the patency of the formalin-embalmed subclavian veins used to teach subclavian central venous access by 
landmark-guided palpation-based technique.

Subjective Assessment
Study participants did not have prior hands-on experience with central venous catheter placement or US-guided 
procedures. However, ten participants (six in the palpation group and four in the US group) reported having previously 
observed central venous catheter placement in a clinical setting. Statistical analysis via the GLM approach revealed no 
significant effects in the subjective or objective evaluations of these ten participants when compared to others without 
prior central venous catheter-related experience. Following training, participant confidence increased significantly across 
all questionnaire items (Figure 2).

Table 2 compares the self-confidence scores of the US group to the palpation group on matched questionnaire items 
1–3 and 6–8 (seen in Table 1). The pre-training subjective questionnaire demonstrated that there was no significant 
difference in reported confidence levels between the palpation and US groups. Post-training, participants in the US group 
felt significantly more confident than the participants in the palpation group across all matched questionnaire items.

The change in participant self-confidence between the US and palpation groups (Δ, post-pre) is shown in the bottom 
row of Table 2. When asked to report their confidence in locating the subclavian vein and selecting the optimal location 
for needle access using their respective assigned training technique, participants in the US group were significantly more 
confident than those in the palpation group. However, the reported confidence in their ability to access the subclavian 
vein independently on a live patient if the procedure site was properly anesthetized for them, showed no significant 
difference between groups (P=0.163).

Skills Assessment
For each group, the number of participants who failed the skills assessment (Panel A), the average time to successful 
flashback (Panel B), and the average number of skin punctures (Panel C), are depicted in Figure 3. Six participants in the 
palpation group failed the assessment by not achieving a flashback of fluid into the syringe within the time limit. In 
contrast, only one participant in the US group failed the assessment. The time to successful flashback between 
participants who passed the assessment in the US and palpation groups was not found to be significant P=0.307. The 
difference between the number of skin punctures in the palpation and US groups (Panel C) was determined to be 
significant (P<0.001). The number of skin punctures completed by the unsuccessful participants in achieving flashback is 
included in the average number of skin punctures performed by each group illustrated in Figure 3C.

Discussion
Cadaver Imaging
Formalin-embalmed cadavers have not been utilized to teach subclavian central venous access until our prior publication27 

due to perceived barriers to their use in training programs related to tissue desiccation and blood coagulation during the 
embalming process.24,25 The sonographic clarity of these images (Figure 1) and the patent status of these veins illustrate the 
utility of formalin-embalmed cadavers in subclavian vein access training using either US-guided or palpation-based 
techniques.

Subjective Assessments
Participant confidence in all matched assessment items significantly improved after only 20 minutes of didactic and 
practical training for both groups. The comparison of assessment items between groups revealed participants in the US 
group were significantly more confident in locating the subclavian vein and correctly placing the needle than those in the 
palpation group (Table 2), reflective of findings previously reported in the literature.11,12 As expected, US guidance 
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provides trainees an opportunity to visualize their target rather than relying on the palpation of superficial landmarks to 
approximate its most likely location. However, when asked if they would be comfortable performing the procedure 
independently, there was no significant difference between the group’s responses (Table 2). This suggests that training in 
either US-guided or palpation-based methods of subclavian vein access using a formalin-embalmed cadaver improves 
trainee confidence, which may likewise improve their confidence in performing this procedure in a clinical setting. This 
finding is supported by other studies that show that simulation-based training in central venous catheterization increases 
patient safety as well as tactile skill and confidence in trainees.32,33

Skills Assessments
First-year medical students performed subclavian central venous access at a slightly slower rate (US: 93 seconds, 
Palpation: 129 seconds) when compared to residents (US: 60 seconds) performing US-guided access to the internal 
jugular vein.34 Medical students failed palpation-based access more frequently than US-guided access (Figure 3A). This 

Figure 2 Self-confidence questionnaire results by training group. (A and B) Show the change in confidence scores from pre- to post-training reported by participants in the 
ultrasound (n=25) and palpation (n=23) groups respectively. Specific questionnaire item numbers can be viewed in Table 1. Statistical significance was declared at P<0.05.
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data supports the findings of prior studies that US guidance improves the performance of novice clinicians.11,12 However, 
some studies have reported that landmark-guidance fist-pass success rates are higher than US-guided in patients with 
easy anatomical access, but this could be due to increased operator experience level.35

A recent meta-analysis of studies that compares the clinical use of US and landmark guidance for subclavian vein 
cannulation reports that US-guided vein cannulation is a safer and more efficient option when compared to landmark guided 
techniques in a clinical setting.36 Data in this study complements these findings by showing that novice medical trainees 
learning to access the subclavian perform the procedure more quickly and with less skin punctures than those using landmark 
guided venous access techniques. It’s worth noting that while the US group demonstrated statistically significantly fewer skin 
punctures when performing the procedure than the palpation group, the palpation-based technique can require by its nature a 
high number of skin punctures, which does not necessarily reflect a decreased skill level in the palpation group.12 However, an 
increased number of skin punctures during procedures may translate to increased procedure time and patient discomfort.12

Limitations and Future Directions
A limitation of this study is that it only addresses the initial step of subclavian vein access with an introducer needle and does 
not include placing a J-wire or catheter. We were unable to perform central venous catheterization in its entirety due to 
embalming-related clotting affecting the patency of the cadaveric venous system distally. Additional limitations of this study 
include power analysis and skills retention. Power analysis of the sample size was not performed because the sample size was 
not sufficient. Any follow-up studies should include a mathematical justification of the sample size and a longitudinal design to 
examinate retention of procedure skills. Further investigation is required to compare the efficacy of synthetic models, live 
patients, and cadavers preserved with alternative embalming techniques in central venous access training activities.

Conclusions
The purpose of this study is to compare the utility of the formalin-embalmed cadaver as a training tool for teaching 
novice trainees to use palpation-landmark guided techniques to access the subclavian vein and provide a comparison to 
US-guided training methods reported in our prior study.27 The palpation group took longer to successfully canulate 
(approximately 36 seconds more), with more failures and more needlesticks required for success than the US group 
which may translate to increased patient discomfort and increased infection rates in live patients. Another significant 
advantage the US group had was that they were able to visualize the needle while advancing, a practice which decreases 
the risk of pleural injury, which is a common complication of this procedure.36,37 Of the two approaches, the data 
presented in this study suggests that US-guidance is the more optimal method for new learners. However, this study also 
shows that medical students practicing both US-guided and palpation-based techniques on formalin-embalmed cadavers 
can gain significantly increased confidence in their ability to independently perform subclavian central venous access, 
and that formalin embalmed cadavers are a viable and effective training tool for teaching both methods. Formalin- 

Figure 3 Skills assessment performance. (A) Depicts the number of participants who were unable to independently achieve flashback into the syringe within the time limit. 
(B) Depicts the average time taken to achieve a flashback. Participants who did not achieve flashback within 5 minutes were excluded from the data set depicted (B), as they 
never achieved fluid flashback into the syringe. NS indicates a non-significant relationship (P=0.307) between the average times to successful flashback in each group. (C) 
Depicts the average number of skin punctures by all members of each group during the skills assessment. Statistical significance was declared at P<0.05.
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embalmed cadavers provide a safe, effective, and comfortable environment that could be useful for any clinician or 
medical trainee to learn subclavian central venous access using resources readily available to most medical education 
institutions. Medical trainees can repeatedly practice procedural dexterity using a tool that accurately simulates the tactile 
sensation and anatomical variability of living patients without risking patient safety or discomfort. Introducing hands-on 
training to students early in their medical education may allow them to develop the skills and confidence needed to be 
more successful in performing subclavian vein catheterization accurately during clinical rotations or residency.
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