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Abstract 
Objective: To evaluate the application effect of ultrasound-guided central ve-
nous catheterization in the teaching of anesthesia residents. Methods: Forty 
anesthesia resident companions who received standardized residency training 
in our department from July 2018 to July 2020 were randomly divided into an 
ultrasound group and a control group, with 20 participants in each group. The 
ultrasound group was taught by ultrasound-guided central venipuncture, 
while the control group was taught by traditional anatomy. After ten training 
punctures, all trainees were assessed twice. Results: Both groups could master 
the technique of central venipuncture. The success rate of first puncture and 
the overall success rate of puncture in the ultrasound group were significantly 
higher than those in the control group (p < 0.05). The operation time and 
puncture complications in the ultrasound group were less than those in the 
control group (p < 0.05). Conclusion: Compared with the traditional anatom-
ical localization teaching, the use of ultrasound-guided technology can im-
prove the success rate of puncture, save puncture time, reduce related compli-
cations, and have a better training effect. 
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1. Introduction 

Central venous catheterization technology can be used for rapid intravenous 
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infusion, rescue of critically ill patients, central venous pressure monitoring, par-
enteral nutrition, etc. It is a routine operation in the department of anesthesiology, 
and also a basic skill to be mastered by anesthesia resident training students [1] 
[2]. Clinically, the right internal jugular vein is often selected for central venous 
catheterization [3] [4]. In the past, the puncture point was mostly selected through 
anatomical localization. Briefly, the puncture point was located in the carotid tri-
angle, which was the triangle formed by the sternocleidomastoid muscle and the 
sternal head of the clavicle and the clavicle. Specifically, the puncture can be per-
formed at the top position of the clavicular head of the sternocleidomastoid muscle, 
the triangle formed by the sternal head and the clavicle, and the puncture point is 
0.5 - 1cm lateral to the pulsating point of the common carotid artery. Due to the 
invasive operation and complicated anatomy around blood vessels, improper op-
eration is prone to complications such as hematoma, pneumothorax, thyroid in-
jury, and peripheral nerve injury [5], which bring harm to patients and easy to 
cause disputes; at the same time, it brings psychological burden to the training 
students and affects their learning confidence and learning effect. Therefore, it is 
very important to explore a teaching method that can improve the success rate of 
puncture and catheterization, reduce related complications and improve learning 
efficiency. With the update and development of medical equipment, such as ultra-
sound, fiberoptic bronchoscopy, video laryngoscope and other visualization equip-
ment are widely used in the department of anesthesiology. Their safety and accu-
racy bring help to clinical comfortable medical treatment, and gradually become 
the standard equipment in the department of anesthesiology and the basic skills 
that anesthesiologists need to master [6] [7]. Therefore, we tried to use ultrasound 
localization teaching in the central venipuncture training of the residents, hoping 
to improve the learning efficiency and training effect of the residents. 

2. Objects and Methods 
2.1. Study Object 

A total of 40 residents who received standardized residency training in our de-
partment from July 2018 to July 2020 were randomly divided into ultrasound 
group (group U) and control group (group C), with 20 people in each group. 
Group U was taught by ultrasound-guided central venipuncture, and group C was 
taught by traditional anatomy. There were no statistical differences in general 
characteristics such as age, gender and education between the two groups. 

2.2. Research Methods 

All trainees were taught the theory of central venipuncture, including anatomy, 
indications and contraindications. The training content included the basic know- 
ledge of ultrasound-guided internal jugular vein puncture, the teaching video of 
ultrasound-guided internal jugular vein puncture, the traditional anatomical po-
sitioning method, and the complications of internal jugular vein puncture. The 
instructors were experienced doctors who could skillfully use ultrasound and 
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traditional anatomical methods to perform internal jugular vein catheterization. 
After that, the teacher performed two operation demonstrations: one is the ultra-
sound-guided central venipuncture and the other one anatomical localization 
blind puncture. Finally, theoretical examination was conducted and the examina-
tion results were recorded. After passing the examination, the puncture operation 
was performed under the guidance of the tutor. 

2.3. Operation Method 

All patients signed the informed consent for central venipuncture, and the right 
internal jugular vein was chosen for puncture. Patients with contraindications to 
puncture were excluded. The first patient puncture was performed in the operat-
ing room, and the subsequent patients completed the relevant puncture opera-
tions in the anesthesia preparation room. The patient was given oxygen inhalation 
through nasal catheter and electrocardiogram monitoring. Lying flat without pil-
low, and the head was tilted about 30 degrees to the left. In the ultrasound group, 
the arteries, veins and surrounding tissues were identified by ultrasound localiza-
tion, and the positioning marks were drawn along the blood vessels (Figure 1). 
The common carotid artery was marked by a solid line, and the internal jugular 
vein was marked by a dashed line. The larger blood vessel was selected as the 
puncture point, and the depth of the internal jugular vein from the skin was rec-
orded. In the traditional anatomy teaching group, the internal jugular vein de-
scending from the mastoid foramen, entered the chest at the jugular notch be-
tween the sternocleidomastoid muscle and the clavicular head, and was projection 
on the neck surface as the connection between the midpoint of the mastoid pro-
cess and the mandibular Angle to the jugular notch. After positioning, the line 
was drawn on the body surface, and the level of the cricoid cartilage, 0.5 - 1 cm 
lateral to the pulsating point of the common carotid artery, was selected as the 
puncture point. Puncture method: conventional disinfection drape, local anesthe-
sia before puncture and catheterization. The 7F double-lumen central venous 
puncture package from Shenzhen Yixinda Company was selected. In group U, the 
needle was perpendicular to the skin, and negative pressure was applied after 
puncturing the skin. The depth of the needle was determined by distance between 
the skin to vein by ultrasound. The direction of the needle was along the marked 
dashed line until the dark red blood was drawn, and the end of the needle was 
pressed down at an Angle of 30 degrees to the skin, so as to facilitate the smooth 
insertion of the guide wire. The needle was withdrawn with the right hand, and 
the guide wire was graduated to about 15 cm at the skin after withdrawal. After 
withdrawing from the expander, a central venous catheter was placed along the 
guide wire with a depth of 12 cm. The guide wire was pulled out, the air in the 
catheter was extracted, the catheter was sealed with heparin, the catheter was fixed 
with suture, and sterile protective film was attached. In group C, the needle was at 
45 degrees from the skin, and the needle tip was inserted in the direction of the 
ipsilateral nipple. The needle was pulled back while inserting the needle until dark 
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red blood appeared, then the needle was pressed down at the end of the needle. 
The procedures of inserting the guide wire, expanding the tube and placing the 
central venous catheter were the same as those of the ultrasound group. The end 
of all procedures was regarded as the completion of puncture. 
 

 
Figure 1. Ultrasound image of the internal 
jugular vein. The red color represents the 
carotid artery and the hypoechoic repre-
sents the internal jugular vein. 

 
All the trainees completed 10 cases of puncture training and were assessed 

twice. The following records were recorded: 1) Success rate of first puncture; 2) 
The overall success rate of puncture (failure to penetrate the internal jugular vein 
for 3 consecutive times was regarded as puncture failure, and the puncture oper-
ation was completed by the teachers); 3) Puncture time (the time from the start of 
local anesthesia to the end of the operation); 4) Related complications. Documen-
tation was performed by another attending physician who was not involved in this 
investigate. 

2.4. Statistics 

SPSS20.0 statistical software was used for statistical analysis, and the measurement 
data were expressed as mean ± standard deviation. The measurement data satis-
fying normal distribution were compared between the two groups by independent 
sample t test, and the non-normal measurement data were compared by Wilcoxon 
Rank Sum Test. Chi-square test was used for count data, and Fisher’s exact test 
was used when a single data was less than 5. p < 0.05 was considered statistically 
significance in all analyses. 

3. Result 

1) There was no significant difference in gender, age and theoretical test scores 
between the two groups, see Table 1. 

2) The one-time success rate of internal jugular vein puncture and the overall 
success rate of puncture in the ultrasound group were significantly higher than 
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those in the control group (p < 0.05). The operation time of the ultrasound group 
was significantly shorter than that of the control group (p < 0.05), and the com-
plications were significantly lower than that of the control group (p < 0.05), see 
Table 2. This indicates that ultrasound-guided internal jugular vein catheteriza-
tion takes less time and has a higher success rate. Compared with the traditional 
anatomical positioning method, ultrasound-guided internal jugular vein catheter-
ization has a lower incidence of complications, which can provide patients with 
safer puncture procedures. 

 
Table 1. The age, gender, and theoretical test scores of the two groups of living companions 
were compared (Mean ± SD, n = 20). 

Group Age Gender (male/female) Test score 

Ultrasound group 25.70 ± 0.59 14/6 84.05 ± 0.84 

Control group 26.30 ± 0.50 10/10 84.94 ± 1.15 

Statistic p = 0.129 
Fisher 

p = 0.333 
t = 0.729 
p = 0.471 

 
Table 2. The success rate of puncture, operation time and complications were compared 
between the two groups (Mean ± SD, n = 40). 

Group 
Success rate of 
first puncture 

Overall puncture 
success rate 

Operation time 
(min) 

Complications 

Ultrasound group 87.5%* 95%* 11.77 ± 1.45*** 2* 

Control group 62.5% 75% 13.58 ± 1.31 8 

Statistic 
χ = 6.667 
p = 0.01 

Fisher 
p = 0.025 

t = −4.132 
p < 0.0001 

Fisher 
p = 0.044 

4. Discussion 

Standardized residency training is an important part of medical students’ educa-
tion after graduation, and it mainly aims to cultivate students’ clinical practice 
ability and comprehensive thinking ability through intensive specialized training 
[8]. The Department of anesthesiology of our hospital is the first batch of stand-
ardized training base for residents in Hubei Province, and it is the responsibility 
of each of our teachers to cultivate high-quality residents. Therefore, it is very im-
portant to explore some efficient and conducive teaching methods for students 
[9] [10]. 

In recent years, with the popularization and promotion of ultrasound visuali-
zation technology in the department of anesthesiology, visualization techniques 
are being used in an increasing number of hospitals, and familiarity with and mas-
ter relevant ultrasound technology has gradually become a skill that anesthesiolo-
gists need to master [11] [12]. In the standardized training stage of residents, early 
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exposure to and familiarity with ultrasound visualization technology can lay a 
good foundation for becoming an excellent anesthesiologist in the future [13] 
[14]. Our department has carried out ultrasound-guided various nerve blocks, ar-
teriovenous puncture, gastric contents assessment, effective blood volume assess-
ment and other techniques. Through our clinical work, we found that ultrasound-
guided central venipuncture is relatively simple compared with other operations, 
and it is more conducive to the residents to quickly accept and master ultrasound 
visualization technology. 

Most of the patients who need central venous catheterization in clinical practice 
have complex operations and critical physical conditions, which most of them do 
the urgent operation, so it requires high puncture efficiency [15]. In the past, cen-
tral venipuncture was mostly taught by traditional anatomical localization. Due 
to the anatomical variation of blood vessels in patients, the filling of blood vessels 
is poor when the volume is insufficient, and the puncture is difficult for patients 
with obesity and short neck, which depends on the experience of the anesthetist, 
and is very difficult for the resident trainees, and repeated puncture will bring 
harm to the patients [16]. The experimental results showed that both groups of 
trainees could master the central venipuncture technology. The one-time success 
rate and overall success rate of ultrasound group were significantly higher than 
those of the control group (87.5% vs 62.5%; 95% vs 75%, p < 0.05). The puncture 
time of the ultrasound group (11.77 ± 1.45 min) was less than that of the control 
group (13.58 ± 1.31 min). There were 2 cases of complications in the ultrasound 
group, because the patient’s blood vessel filling was poor, the puncture needle 
penetrated the internal jugular vein to form hematoma, and the hematoma did 
not further expand after withdrawing the needle to compress the bleeding, and 
the puncture point was successfully selected. In the control group, there were 8 
cases of complications, including 6 cases of hematoma (4 cases of common carotid 
artery puncture, 2 cases of internal jugular vein penetrated puncture), 2 cases of 
abnormal sensation in the upper arm when touching the cervical nerve, and the 
puncture was successful after changing the puncture point. The complications in 
the ultrasound group were less than those in the control group. Most of the com-
plications were local slight hematoma caused by puncture injury of blood vessels, 
which was relieved after compression, and no important harm was brought to the 
patients. Through ultrasound guidance, we can more intuitively understand the 
position, course, thickness, and depth of the blood vessel from the skin (see Figure 
1). It is convenient for us to choose the most appropriate puncture point and 
puncture path, avoid important tissues and nerves, and reduce puncture compli-
cations [17]. It can significantly improve the success rate of puncture, improve the 
efficiency of puncture, and the teaching effect is good. 

At present, ultrasound is only popular in the anesthesiology department of 
some hospitals above county level. Some students may not be able to use ultra-
sound after graduation. In the future, we will use the teaching model of traditional 
anatomical localization combined with ultrasonic localization. That is, before the 
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puncture, the course and pre-puncture point of the common carotid artery and 
internal jugular vein were marked by anatomical positioning, and then the accu-
racy of the marked positioning was checked by ultrasound positioning, so that the 
positioning skills could be more comprehensively mastered through limited case 
training, the anatomy around the blood vessels could be understood, and the 
puncture accuracy and efficiency could be further improved. Our study is only a 
single-center and small sample study, whether it can be extended to all residents 
needs further large-sample and multi-center research. On the other hand, we did 
not analyse the influence of different teaching methods on the success rate of in-
ternal jugular vein puncture after graduation or after a long time, and further re-
search in this regard can be done in the future. 

In conclusion, the use of ultrasound-guided positioning technology in the cen-
tral venipuncture training of residents in the department of anesthesiology can 
improve the learning efficiency of the students, the teaching effect is good, and it 
has high application value and is worthy of promotion. 
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