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Abstract 47 

Background and Objectives: Gentle tissue handling to avoid excessive motion of affected fragile 48 

vessels during surgical dissection is essential for both surgeon proficiency and patient safety during 49 

carotid endarterectomy (CEA). However, a void remains in the quantification of these aspects during 50 

surgery. The video-based measurement of tissue acceleration is presented as a novel metric for the 51 

objective assessment of surgical performance. This study aimed to evaluate whether such metrics 52 

correlate with both surgeons’ skill proficiency and adverse events during CEA. 53 

Methods: In a retrospective study including 117 patients who underwent CEA, acceleration of the 54 

carotid artery was measured during exposure through a video-based analysis. Tissue acceleration 55 

values and threshold violation-error frequencies were analyzed and compared among the surgeon 56 

groups with different surgical experience (three groups: novice, intermediate, and expert). Multiple 57 

patient-related variables, surgeon groups, and video-based surgical performance parameters were 58 

compared between the patients with and without adverse events during CEA. 59 

Results: Eleven patients (9.4%) experienced adverse events after CEA, and the rate of adverse 60 

events significantly correlated with the surgeon group. The mean maximum tissue acceleration and 61 

number of errors during surgical tasks significantly decreased from novice, to intermediate, to expert 62 

surgeons, and stepwise discriminant analysis showed that the combined use of surgical performance 63 

factors could accurately discriminate between surgeon groups. The multivariate logistic regression 64 

analysis revealed that the number of errors as well as vulnerable carotid plaques were associated with 65 

adverse events.  66 

Conclusion: Tissue acceleration profiles can be a novel metric for the objective assessment of 67 

surgical performance and the prediction of adverse events during surgery. Thus, this concept can be 68 

introduced into futuristic computer-aided surgeries for both surgical education and patient safety. 69 

 70 

  71 
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Introduction 72 

Acquisition of technical skill proficiency is an eternal challenge for any surgeon, and it has been 73 

shown to be associated with clinical outcomes, including morbidity and mortality.1,2 In the 74 

conventional training paradigm, trainees have to spend numerous years learning the intricate nuances 75 

of technical skills, mainly through case observation and practice under the verbal and intuitive 76 

supervision of senior mentors.3,4 Based on this innate problem, today’s paradigm of competency-77 

based models has sparked a pressing need to develop sensitive, reliable, and objective methods for 78 

assessing surgical performance.3,5,6 79 

Several structured rating scales have been developed; however, they are limited in use 80 

because of their time-consuming nature and inter-rater bias.7,8 Several attempts have been made to 81 

utilize engineering technologies for quantifiable assessment4,9,10 (e.g. motion tracking,11 eye 82 

tracking,12 and force measurement13,14); however, none have been widely utilized in clinical practice, 83 

owing to the necessity of special devices and/or sensors for measurement. In the context of these 84 

circumstances, surgical video-based analysis is becoming more widely utilized, paralleled with 85 

recent advancements in computer-vision technologies.7,15,16 Several studies have utilized surgical 86 

videos for motion analysis of the surgeon’s hands or tools using deep learning algorithms.7,10,17,18 87 

Alongside these trends, our research group has, for the first time, proposed the measurement of tissue 88 

motion during surgical maneuvers as a novel metric for gentle tissue handling, which is one of the 89 

fundamental aspects of technical skill proficiency.19  90 

During carotid endarterectomy (CEA), ischemic stroke and cervical/cranial nerve injuries 91 

are major intraoperative complications,20,21 and excessive motion of the carotid artery around fragile 92 

plaques has the potential to cause these complications.19,22,23 Although many surgeons have 93 

emphasized the importance of careful manipulation around plaques,20,22,24 objective and quantifiable 94 

data regarding appropriate tissue handling are lacking. Furthermore, while CEA is a widely accepted 95 

treatment with accumulation of clinical evidence, data regarding the relationship between clinical 96 
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outcome and surgeon performance are sparse.25  97 

In the present study, we conducted tissue acceleration analysis in patients with carotid artery 98 

stenosis who underwent CEA. This study aimed to evaluate the usefulness of a video-based metric in 99 

the evaluation of surgical performance by comparing tissue acceleration profiles and error frequency 100 

among different surgeon groups, as well as between patients with and without adverse events. 101 

 102 

Methods 103 

Patients and surgeons 104 

This study was performed with the institutional approval from Hokkaido University Hospital (No. 105 

018-0291). Informed consent was obtained from all participants, including the surgeons and patients. 106 

This study included 119 adult patients with cervical internal carotid artery (ICA) stenosis who 107 

underwent CEA at Hokkaido University Hospital and its affiliated hospitals (Teine Keijinkai 108 

Hospital and Sapporo Azabu Neurosurgical Hospital between April 2011 and March 2019.   109 

Seventeen surgeons participated in the study and were classified into three ordinal groups 110 

based on their experience with CEA. The novice group mainly consisted of senior neurosurgical 111 

residents and clinical fellows (postgraduate years [PGY] 3–6, n=5) who had performed fewer than 10 112 

CEAs, while the intermediate group included clinical fellows who had performed 10 to 49 CEAs 113 

(PGY 7–11, n=7). The expert group comprised board-certified surgeons who had independently 114 

performed more than 50 CEAs (PGY 12–35, n=5).  115 

 116 

Patient variables and adverse event 117 

Definitions of the patient factors are summarized in Supplemental digital content 1. The patient 118 

variables included age, sex, body mass index, clinical symptoms, side of lesion, medication, poorly 119 

controlled risk factors, comorbidities, degree of stenosis, height of the stenotic lesion, and carotid 120 

plaque components.  121 
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Medications were divided into single and multiple antiplatelet and anticoagulant agents. The 122 

risk factors included poorly controlled hypertension, diabetes, dyslipidemia, and smoking. The 123 

comorbidities included coronary artery disease, congestive heart failure, chronic obstructive 124 

pulmonary disease, chronic renal failure, ipsilateral and contralateral intracranial steno-occlusive 125 

arterial lesions, and contralateral laryngeal nerve palsy. The degree of stenosis, height of the stenotic 126 

lesion, and plaque components were investigated using pre-surgical computed tomography 127 

angiography and black blood T1-weighted magnetic resonance imaging (MRI).  128 

In this study, newly developed neurological deficits after CEA were defined as an adverse 129 

event.26 We also investigated diffusion weighted magnetic resonance imaging (MR-DWI) which was 130 

conducted within 7 days before, and 3 days after the CEA.27 New DWI abnormalities after CEA were 131 

also regarded as an adverse event. 132 

 133 

Surgical tasks, techniques, and trials 134 

Our unified concept of surgical indication, perioperative management, and procedures is detailed in 135 

Supplemental digital content 2. All surgical records and intraoperative videos were collected, and 136 

tissue motion analysis was focused on the process from the initial opening of the carotid sheath to 137 

clamping of the carotid arteries, based on the assumption that exposing carotid plaques was the main 138 

cause of adverse events during CEA.22,23 In this process, surgical tasks were categorized into the 139 

following nine tasks, as previously described:19 (1) dissecting the ICA; (2) dissecting the common 140 

carotid artery (CCA); (3) dissecting the external carotid artery (ECA); (4) dissecting the arterial 141 

branches of the ECA; (5) dissecting the cranial/cervical nerves; (6) inserting the vessel loop distal to 142 

the ICA and (7) proximal to the CCA; (8) lifting the carotid sheath; and (9) ligating and cutting the 143 

vessels. To distinguish the surgical technique, each surgical task was also classified into either a 144 

blunt or sharp dissection and either a perpendicular or parallel dissection (i.e., dissection in a 145 

direction perpendicular or parallel to the anatomical course of the ICA) through video observation by 146 
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surgeon investigators who were independent of performing surgery. 147 

“A surgical trial” was defined as “a surgeon's intentional action to perform a certain surgical 148 

task”. In video-based analysis, the starting point of each trial was set as the time when the surgeon’s 149 

fingers or instruments entered the operative field, and the ending point was set when they were 150 

removed from the operative field.19 151 

 152 

Video-based tissue motion analysis 153 

Video motion analysis was performed using commercially available software, MoveTr/2D® (Library 154 

Co., Ltd., Tokyo, Japan), as previously described.19 In brief, surgical video clips were divided into 155 

short segments for each surgical trial. Calibration was performed using a scale located within the 156 

surgical field. Based on recognizable anatomy, such as the bifurcation point or pattern of the vasa 157 

vasorum on the carotid plaques, target points were set in each trial and tracked semi-automatically 158 

(Figure 1A and Video). If the magnitude of the video changed, the surgeon’s fingers or tools 159 

interrupted the operative view, or the assistant surgeon’s action influenced the tissue motion, point 160 

tracking was temporarily interrupted and excluded.  161 

The positive peak values (local maxima) of acceleration were used for data analysis in each 162 

trial (Figure 1A). The maximum acceleration values (Max-A) were used to represent the data in each 163 

trial. For error analysis, the 95th percentile of Max-A for all trials from expert surgeons was 164 

calculated (Figure 1B) and used as a threshold, as previously described.3,28 All peak values that 165 

violated the threshold were regarded and counted as error (Figure 1C). 166 

 167 

Data analysis 168 

Continuous data were presented as mean values and standard deviations. Dichotomous or categorical 169 

variables were expressed as ratios or frequencies. Normally distributed continuous data were 170 

compared using Welch’s t test between two groups and one-factor analysis of variance followed by 171 
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post-hoc Tukey’s Honest Significant Difference test among the three groups. Data that were not 172 

normally distributed were compared using the Mann–Whitney U test between the two groups and the 173 

Kruskal–Wallis test followed by the Steel–Dwass test among the three groups. The data from each 174 

surgical task were compared with the data from the task of dissecting the ICA as a control task, using 175 

the Kruskal–Wallis test followed by the Steel test. The rate of adverse event occurrence among the 176 

ordinal surgeon groups was evaluated using the Cochran–Armitage test. Statistical significance was 177 

set at p <.05. 178 

The mean procedural time, mean Max-A, error frequency by trial, parallel dissection 179 

frequency, and sharp dissection frequency were analyzed as surgical performance factors for each 180 

surgeon. Stepwise canonical discriminant analysis was performed to discriminate the surgeon’s skill 181 

level based on these five variables. The variables that contributed the most to the discrimination of 182 

the three different surgeon groups were selected using p values (p>.10) as criteria for exclusion in the 183 

stepwise backward analysis. Discrimination performance was also examined using leave-one-out 184 

cross-validation.  185 

To assess the correlation between the occurrence of adverse events and multiple clinical 186 

variables, including both patient and surgeon variables, multivariate logistic regression analysis was 187 

conducted using stepwise backward selection, which achieved a significance level of p<.15 in the 188 

univariate analysis. 189 

 Statistical analyses were conducted using JMP® (Social Survey Research Information Co., 190 

Ltd., Tokyo, Japan). 191 

 192 

Results  193 

Study participants and clinical outcome 194 

Among the 119 patients who underwent CEA, two could not undergo MRI due to a cardiac 195 

pacemaker. The remaining 117 patients, who completed both pre- and post-operative MRI, were 196 
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included in this study. Five novice, seven intermediate, and five expert surgeons primarily operated 197 

on 11 (9.4%), 49 (41.9%), and 57 (48.7%) patients, respectively.  198 

Postoperatively, three patients (2.6%) experienced temporary hoarseness. Three patients 199 

(2.6%) developed mild-to-moderate hemiparesis secondary to intraoperative ischemic stroke. 200 

Postoperative MRI revealed newly developed DWI abnormalities in five patients who were clinically 201 

asymptomatic (4.3%). No deaths occurred within one month after surgery. In total, 11 patients 202 

(9.4%) experienced adverse events related to the CEA (Supplemental digital content 3).  203 

Two adverse events were observed during CEA performed by novice surgeons (18.1%), 204 

seven by intermediate surgeons (14.3%), and two by expert surgeons (3.5%). The rate of adverse 205 

event occurrence was significantly correlated with the ordinal surgeon group (p<.05). 206 

 207 

Baseline tissue motion profile and association with surgical task and technique 208 

In total, 2219 surgical trials (1165 from experts, 858 from intermediates, and 196 from novices) were 209 

analyzed across the 117 CEAs; the distribution of these trials is summarized in Supplemental digital 210 

content 4. The 95th percentile of the Max-A for all trials by expert surgeons was calculated as 450.4 211 

mm/s2 (Figure 1B) and used as a threshold for subsequent error analysis.  212 

The Max-A values varied across surgical tasks and techniques. The tasks of dissecting the 213 

CCA, passing the proximal vessel loops, and ligating the vessels exhibited significantly higher 214 

acceleration values than the control task of dissecting the ICA (Figure 2A). Perpendicular and blunt 215 

dissections also exhibited significantly higher values than did parallel and sharp dissections (Figure 216 

2B-C).  217 

 218 

Tissue acceleration profile and error among surgeon group 219 

The Max-A values of all trials among the three surgeon groups are shown in Figure 3A. The mean 220 

Max-A of novice, intermediate, and expert surgeons were 424.5 ± 297.3, 351.2 ± 269.0, and 253.1 ± 221 
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162.9 mm/s2, respectively. There were significant differences among the surgeon groups (p<.01: 222 

novice vs. intermediate; p<.001: novice and intermediate vs. expert). Detailed data for the nine 223 

surgical tasks are shown in Supplemental digital content 5. 224 

The total error counts during operation are shown in Figure 3B. The mean errors made by 225 

novice, intermediate, and expert surgeons were 16.9 ± 16.0, 6.8 ± 9.1, and 2.5 ± 7.5, respectively. 226 

There were significant differences between the surgeon groups (p<.001; novice and intermediate vs. 227 

expert groups). The rate of trials that included at least one error across the nine surgical tasks is also 228 

shown in Supplemental digital content 6.  229 

Each surgeon’s performance profiles, including mean procedural time, mean Max-A, error 230 

frequency by trial, and frequency of use of parallel and sharp dissection, are shown in Figure 4A and 231 

detailed in Supplemental digital content 7. Although not statistically significant, expert surgeons 232 

showed a tendency toward shorter procedural time, lower mean Max-A, and lower error frequency. 233 

Novice surgeons tended to perform sharp and parallel dissections less frequently.  234 

Using discriminant functions 1 and 2, as shown in Supplemental digital content 8, 88.2% of 235 

the original surgeons groups were correctly classified into the groups (Figure 4B). Using the leave-236 

one-out method, 76.5% of the cross-validated grouped surgeons were correctly classified 237 

(Supplemental digital content 9). 238 

 239 

Correlation between multiple variables and adverse event 240 

The results of the univariate and multivariate logistic regression analyses are summarized in Table 1. 241 

The occurrence of adverse events was significantly associated with highly vulnerable plaques, 242 

current smokers, and surgery performed by non-expert surgeons (p=.01, .03, and .05, respectively). 243 

Regarding surgical performance factors, the mean Max-A and number of errors were significantly 244 

higher in patients who experienced adverse events than in those who did not (p=.004 and .002, 245 

respectively; Figure 5), whereas procedural time was not associated with the occurrence of adverse 246 
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events.  247 

Furthermore, multivariate logistic regression revealed that vulnerable plaque and the number 248 

of errors were significantly associated with the occurrence of adverse events (p=.02, and .01, 249 

respectively) with odds ratios of 12.01 and 1.45 (for five errors increase), respectively (Table 1). 250 

 251 

Discussion 252 

In this study, we analyzed the acceleration of the carotid artery around a plaque through video-based 253 

motion analysis. We also conducted error analysis using the optimized threshold from a dataset of 254 

expert surgeons. The tissue acceleration profile and error frequency reflected the surgeon’s skill 255 

level, and discriminant analysis showed that the combined use of surgical performance factors could 256 

accurately stratify surgeons according to their level of experience. Moreover, the acceleration profile 257 

and number of errors were associated with the occurrence of CEA-related adverse events.  258 

 259 

Measuring tissue acceleration 260 

Tissue acceleration originates from the net force exerted by surgeons on the tissue according to 261 

Newton's second law; therefore, the concept of this novel metric is similar to that of studies that 262 

utilize tool-tissue interaction forces. Although surgical skills consist of numerous factors, such as 263 

flow of operation, knowledge of procedure and anatomy, bimanual dexterity, and autonomy,7,11,29,30 264 

knowledge regarding the application of an appropriate amount of force is one of the most important 265 

factors in surgical skill, as more than 50% of errors performed by surgeons have been shown to 266 

originate from excessive force.3,31 Since our metric is based on the motion of the side of the tissue 267 

rather than the surgical instrument, this metric could well represent tissue-handling techniques, that 268 

is, respect for tissue.  269 

 270 

Surgical education and patient safety 271 
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The notable findings of the present study were that novice surgeons clearly had poorer performance, 272 

and the surgeries performed by them were associated with adverse events in patients, even under the 273 

direct supervision of expert surgeons. These facts strongly highlight the limitations of the traditional 274 

master-apprentice surgical education model. To develop a more competency-based paradigm without 275 

threatening patient safety, further exploratory research that clarifies the novel intraoperative metrics 276 

based on objective data with the relevance of the patient outcome is warranted.3,19  277 

Technical surgical aspects are also discussed in Supplemental digital content 10. 278 

 279 

Perspectives 280 

This metric was measured through surgical video, which is routinely used in daily clinical practice, 281 

without the need for special devices or sensors; therefore, it has great applicability and adaptability 282 

for future studies and clinics. One of the expected targets is computer-aided surgical devices, such as 283 

robots and virtual reality simulators that incorporate artificial intelligence for real-time 284 

monitoring.32,33 A normative data catalogue could be an important source of information for the 285 

development of such devices. Furthermore, these datasets could allow for the implementation of a 286 

warning system,3,34 such that operation staff and surgeons are warned when the safety threshold of 287 

tissue acceleration is violated. Notably, because our error analysis was correlated with both adverse 288 

events and surgical skill levels, this research paradigm could enhance both surgical education and 289 

patient safety.  290 

 291 

Limitations 292 

This was a single-center retrospective study, therefore, the results may have been biased by several 293 

factors; hence, the results should be interpreted with caution. This study also defined the threshold of 294 

error using data from expert surgeons, hence error analysis was applied to the dataset, including the 295 

same expert data; therefore, there might be a risk of a circular definition. 296 
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A fundamental shortcoming of this research methodology is that the tissue motion data could 297 

only be analyzed during limited stages of CEA because motion tracking was difficult during the 298 

other stages. It should be noted that other surgical tasks, such as shunt insertion and extraction, 299 

plaque removal and management of plaque edges, and arteriotomy closure with or without patch 300 

angioplasty, could also contribute to the outcome of CEA. However, as the detection of 301 

microembolic signals during the initial carotid exposure has been shown to correlate with ischemic 302 

complications during CEAs,22,23 this methodology may represent an important surgical process 303 

during CEA.  304 

 305 

Conclusion 306 

We conclude that tissue acceleration is a novel and readily adaptable surrogate parameter for the 307 

objective assessment of surgical performance. Furthermore, this metric and related error analysis has 308 

the potential to predict and prevent adverse events during CEA and may be applicable to surgery in 309 

general. This approach may add to the current quantitative parameters of surgical skill assessment 310 

and patient safety. 311 

 312 

Abbreviations: CEA = carotid endarterectomy; ICA = internal carotid artery, PGY = postgraduate 313 

year; MRI = magnetic resonance imaging; DWI = diffusion-weighted imaging; CCA = common 314 

carotid artery; ECA = external carotid artery; Max-A = maximum acceleration  315 

 316 
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Figure Legends 421 

Fig. 1  422 

A: Example of motion analysis during carotid endarterectomy (CEA). The target point was set to the 423 

recognizable anatomy, such as bifurcation point, or the pattern of the vasa vasorum on the carotid 424 

plaques, and tracked semi-automatically using motion analysis software.  425 

B: Definition of errors based on expert surgeons’ data. The 95th percentile of the maximum 426 

acceleration (450.4 mm/s2) was selected as the cut-off value.  427 

C: Representative error analysis. All peak values that exceeded the cut-off values were regarded and 428 

counted as error.  429 

 430 

Fig. 2  431 

A: Max-A values in each trial across the nine surgical tasks 432 

B: Max-A values in each trial between perpendicular and parallel dissection  433 

C: Max-A values in each trial between blunt and. sharp dissection 434 

* p<0.05 ** p<0.01 435 

 436 

Fig. 3  437 

A: The maximum acceleration (Max-A) values of each surgical trial among three surgeon group.  438 

B: Total number of errors in each patient among three surgeon group. 439 

** p<.01 440 

 441 

Fig. 4  442 

A: Surgical performance parameters (mean procedural time, mean Max-A, error frequency by trial, 443 

and the frequency of parallel and sharp dissection usage) in each surgeon.  444 

B: Covariance matrix of the included surgical performance factors for discriminant analysis (left) 445 
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and scatter plot of the canonical scores from stepwise discriminant analysis for the three surgeon 446 

groups (right). The 1.5 𝜎𝜎 ellipses of each group are also shown, with 88.2% accuracy in 447 

discriminating the three surgeon groups. 448 

 449 

Fig. 5 450 

The acceleration data between the patients with and without adverse events 451 

A: The Max-A values of each surgical trial 452 

B: Total number of errors in each patient  453 

* p<0.05 ** p<0.01 454 

 455 

 456 

Supplemental Digital Content 457 

Supplemental Digital Content 1: Definitions of patient variables 458 

Supplemental Digital Content 2: Supplementary Methods -Surgical indication, perioperative 459 

management, and procedure  460 

Supplemental Digital Content 3: Postoperative stroke and the rate of adverse event occurrence 461 

Supplemental Digital Content 4: Number of analyzed trials in each surgical task and surgeon group 462 

Supplemental Digital Content 5: Mean maximum acceleration value among surgeon group across 463 

nine surgical tasks 464 

Supplemental Digital Content 6: Rate of error trial among surgeon groups across nine surgical tasks 465 

Supplemental Digital Content 7: Surgical performance profiles of each surgeon 466 

Supplemental Digital Content 8: Selection of variables for stepwise discriminant analysis, and 467 

discriminant functions 468 

Supplemental Digital Content 9: Confusion matrix for discriminant analysis 469 

Supplemental Digital Content 10: Supplementary Discussion -Technical consideration 470 
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 471 

 472 

Video Legends 473 

Video: Example of motion analysis during carotid endarterectomy 474 



 Adverse event  Univariate analysis  Multivariate analysis 

  Yes No   Odds ratio 95%CI p-value  Odds ratio 95%CI p-value 

Total N 11 106         

  Patient variables           

    Clinical features           

      Age (years) 71.6 ± 6.8 71.2 ± 6.9  1.08 (for 10 y. increase) 0.43-2.71 0.87     

      Female sex 0 (0%) 14 (13.2%)  NA NA 0.36     

      Body mass index 23.1 ± 2.0 23.7 ± 2.8  0.93 (for 1 increase) 0.74-1.16 0.51     

      Side (Rt.) 8 (72.7%) 49 (46.2%)  3.10 0.78-12.34 0.11    0.15 

      Symptomatic 7 (63.6%) 42 (39.6%)  2.67 0.74-9.67 0.14    0.06 

      Degree of stenosis (%) 75.8 ± 13.4 75.2 ± 12.9  1.04 (for 10% increase) 0.64-1.68 0.88     

      High carotid plaque 1 (9.1%) 23 (21.7%)  0.36 0.04-2.97 0.34     

      Calcified plaque 3 (27.3%) 32 (30.2%)  0.87 0.22-3.48 0.84     

      Vulnerable plaque 10 (90.9%) 45 (42.5%)  13.56 1.67-109.75 0.01*  12.01 1.41-102.61 0.02* 

   Medication           

      Multiple antithrombotic 

agent 
4 (36.4%) 23 (21.7%)  2.06 0.56-7.66 0.28 

    

   Poor controlled risk factors           

      Hypertension 1 (9.1%) 7 (6.6%)  1.41 0.16-12.69 0.76     

      Diabetes 2 (18.2%) 17 (16.0%)  1.16 0.23-5.86 0.85     

      Dyslipidemia 0 (0%) 6 (5.7%)  NA NA 0.99     

      Current smoker 5 (45.5%) 18 (17.0%)  4.07 1.12-14.81 0.03*    0.18 

   Comorbidities           

      CAD 1 (9.1%) 9 (8.5%)  1.08 0.12-9.40 0.95     

      CHF 1 (9.1%) 13 (12.3%)  0.72 0.85-6.01 0.76     

      COPD 2 (18.2%) 16 (15.1%)  1.25 0.25-6.33 0.79     

      CRF 3 (27.3%) 18 (17.0%)  1.83 0.44-7.59 0.40     

      Ipsilateral stenotic lesion 2 (18.2%) 7 (6.6%)  3.14 0.57-17.43 0.19     



      Contralaterel stenotic lesion 0 (0%) 10 (9.4%)  NA NA 0.99     

      Laryngeal nerve palsy  0 (0%) 2 (1.9%)  NA NA 0.99     

           

  Surgeon factors           

   Surgeon group           

      Novice 2 (18.2%) 9 (8.5%)         

      Intermediate 7 (63.6%) 42 (39.6%)  4.85 (Non-ex. vs expert) 1.00-23.53 0.05    0.10 

      Expert 2 (18.2%) 55 (51.9%)         

   Performance           

     Procedural time 73.5 ± 22.4 71.7 ± 22.8  1.03 (for 10min. 

increase) 
0.79-1.36 0.81 

    

     Mean Max-A (mm/s2) 
420.2 ±  

156.8 

304.8 ± 

104.4 
 1.92 (for 100mm/s2 

increase) 
1.23-3.01 0.004** 

   0.20 

     N of error 17.5 ± 21.3 4.4 ± 7.2   
1.46 (for 5 errors 

increase) 
1.15-1.84 0.002** 

 
1.45 (for 5 error increase) 1.10-1.91 0.01** 

 

Table 1. Correlation of adverse event with multiple variables 
N, number; Rt., right; CAD, coronary arterial disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; 
Max-A, maximum acceleration; y, year; min., minute; NA, not applicable; Ex., expert; CI, confidence interval 
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