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Abstract. The ultrasound probe and advancement of the 
needle during real‑time ultrasound‑assisted guidance of 
catheterization of the right internal jugular vein (RIJV) tend 
to collapse the vein, which reduces the success rate of the 
procedure. We have developed a novel puncture point‑traction 
method (PPTM) to facilitate RIJV cannulation. The present 
study examined whether this method facilitated the perfor-
mance of RIJV catheterization in anesthetized patients. In 
this study, 120 patients were randomly assigned to a group 
in which PPTM was performed (PPTM group, n=60) or a 
group in which it was not performed (non‑PPTM group, 
n=60). One patient was excluded because of internal carotid 
artery puncture and 119 patients remained for analysis. The 
cross‑sectional area (CSA), anteroposterior diameter (AD) 
and transverse diameter (TD) of the RIJV at the cricoid carti-
lage level following the induction of anesthesia and during 
catheterization were measured, and the number with obvious 
loss of resistance (NOLR), the number with easy aspiration 
of blood into syringe (NEABS) during advancement of the 
needle, and the number of first‑pass punctures (NFPP) during 
catheterization were determined. In the non‑PPTM group, the 
CSA was smaller during catheterization compared with that 
following the induction of anesthesia (P<0.01). In the PPTM 
group compared with the non‑PPTM group during catheter-
ization, the CSA was larger (P<0.01) and the AD (P<0.01) and 
TD (P<0.05) were wider; NOLR (P<0.01), NEABS (P<0.01) 
and NFPP (P<0.01) increased significantly. The findings from 
this study confirmed that the PPTM facilitated catheterization 
of the RIJV and improved the success rate of RIJV catheter-
ization in anesthetized patients in the supine position.

Introduction

Central venous catheterization is a commonly performed 
procedure used in modern clinical practice  (1‑3), which is 
suggested when peripheral veins are inaccessible. Central 
venous catheterization may be lifesaving, but its performance 
requires critical operator training and experience. A prior 
study showed that >15% of patients who received central 
venous catheterization suffered from complications  (4). 
Therefore, methods promotion for reducing the frequency 
of complications are required. Right internal jugular vein 
(RIJV) catheterization with ultrasound‑assisted guidance has 
been proposed as a simple and reliable procedure for multi-
modality intravenous therapy that meets the requirements of 
central venous catheterization (4‑6). Furthermore, real‑time 
ultrasound‑assisted guidance has been suggested to improve 
the success rate of IJV (7). However, the ultrasonic probe and 
advancement of the puncture needle can cause the vein to 
collapse, which reduces the success rate of the procedure (8). 
It has been suggested that the catheter could be modified 
to minimize the risk of displacement or migration  (9). 
Morita et al developed a novel 'skin traction method' which 
increased the compressive force required to collapse the IJV, 
and consequently facilitated catheterization of the IJV (10). 
In addition, a study by Lim et al in 2012 indicated that the 
bevel‑down approach for needle puncture avoided posterior 
venous wall damage during IJV catheterization (11). However, 
as an alternative to this, the present study describes a novel 
puncture point‑traction method (PPTM) that has been devel-
oped to facilitate RIJV cannulation, in which it is attempted to 
retain the puncture point of the skin directly above the RIJV 
in its original position by the traction of surgical suture. The 
aim of this study was to assess the effect of the PPTM on RIJV 
catheterization in anesthetized patients in the supine position 
and to consequently verify the application this novel PPTM.

Materials and methods

Ethical approval. The study was approved by the Ethics 
Committee of Fuyang People's Hospital (Fuyang, China), and 
informed consent was confirmed by all patients. There were 
120 patients who were about to have surgery with RIJV cath-
eterization and suture fixation. The patients were divided into 
physical status grades I‑III according to the American Society 
of Anesthesiologists (ASA) classification system (12). Their 
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average age was 65.2±11.4 years (range, 19‑73 years), with 
an average body weight of 61.9±7.1 kg (range, 48‑82 kg) and 
average height of 168.4±8.2 cm (range, 160‑183 cm) (Table I). 
All patients were randomly divided into a PPTM group (n=60, 
treated with the PPTM method) and a non‑PPTM group (n=60, 
treated without the PPTM method). Patients were not included 
in this study according to the following exclusion criteria: 
External neck injury, previous history of RIJV catheteriza-
tion, severe cardiovascular disease, injection‑site infection, 
hematological disease, thrombogenesis history, obesity and 
short‑term venous catheterization.

Surgical procedure. Heart rate (HR), oxygen saturation and 
mean arterial pressure (MAP) were measured continuously. 
In cases where the MAP decreased to <60 mmHg and the HR 
decreased to <60 beats per minute during venipuncture, which 
was identified as hypotension and bradycardia, all patients 
were placed in the supine position without using pillows, with 
the head turned 30˚ to the left following the induction of anes-
thesia. Remedication with 0.1mg/kg intravenous midazolam 
was given 10min before induction. Induction was performed 
using 2  µg/kg fentanyl followed by 2.5mg/kg propofol. 
Tracheal intubation was facilitated using rocuronium with 
a dose of 1.2mg/kg. An ultrasound probe (L25x, 13‑6 MHz; 
SonoSite, Inc. Bothell, WA, USA) was used during catheter-
ization, which was applied perpendicular to the skin without 
any pressure. The cross‑sectional area (CSA), anteroposterior 
diameter (AD) and transverse diameter (TD) of the RIJV at 
the cricoid cartilage level were measured with three replicates 
using electronic calipers on the ultrasound image in all patients 
following the induction of anesthesia and during catheteriza-
tion (when aspiration of blood into the syringe occurred during 
advancement of the needle). 

In the PPTM group, the skin directly above the RIJV at 
the level of the cricoid cartilage was identified by ultrasound 
following disinfection of the right neck skin. A surgical 
suture (Péters Surgical, Bobigny, France) was sutured at this 
position, without tying a knot, using a skin‑suturing needle. 
The suture was intradermal for 1 cm with 20‑cm lengths of 
suture outside the skin at each side. Cannulation was put 
into place under real‑time ultrasound visualization in the 
transverse plane. During catheterization, the two ends of the 
suture were wound around the left hand thumb of operator 
and were held closely to the middle of the ultrasonic probe, 
which was directed at the side of the patient's head (Fig. 1A). 
A puncture needle (16 G, 20 cm; Lepu Medical Technology 
Co., Ltd., Beijing, China) was advanced slowly and care-
fully under continuous negative pressure at the position of 
the suture in the skin. The angle of the needle was 35‑45˚ 
to the skin. During advancement of the needle, the position 
of the ultrasonic probe remained unchanged, and the suture 
was straightened with the advancement of the needle. When 
the ultrasound probe did not touch the patient's skin, they 
were brought into contact by pulling the suture using the left 
thumb. When blood entered the needle, the position of the 
needle was maintained using the left hand and a guidewire 
was inserted. Consequently, RIJV catheterization was carried 
out, and a suture was applied to fix the catheter (Fig. 1B). In 
the non‑PPTM group, only when the RIJV catheterization 
at the level of the cricoid cartilage was completed was the 

position of the suture selected and the suture applied to fix 
the catheter. The remaining procedures of the surgery in the 
non‑PPTM group were the same as those in the PPTM group. 
In cases where the right internal carotid artery (ICA) was 
punctured in either group, RIJV catheterization was aban-
doned.

Measurements. Age, gender, height, weight and ASA grades 
of the patients were recorded. The following variables were 
also recorded: CSA, AD and TD of the RIJV at the cricoid 
cartilage level following anesthesia induction and during 
catheterization (when aspiration of blood into syringe 
occurred during advancement of needle) in the two groups. 
Measurements were performed three times for each condi-
tion. The number with obvious loss of resistance (NOLR), the 
number with easy aspiration of blood into syringe (NEABS) 
during advancement of the needle, the depth of needle inser-
tion (DNI), the number of first‑pass punctures (NFPP) and 
total success rate (TSR) were examined. In addition, the 
HR, minimum value of MAP, hypotension, bradycardia and 
puncture‑related complications such as pneumothorax, hemo-
pneumothorax, local hematoma and ICA puncture during 
catheterization were recorded.

Statistical analysis. SPSS statistical analysis software, 
version  13.0 (SPSS, Inc., Chicago, IL, USA) was applied 
for statistical analysis and data values are presented as 
mean ± standard deviation. Statistically significant differences 
between groups were assessed using one‑way analysis of vari-
ance followed by the Bonferroni multiple comparison test to 
evaluate intergroup differences. P<0.05 indicated a statisti-
cally significant difference.

Results

Changes in CSA, AD and TD. The CSA (P<0.01), AD 
(P<0.01), TD (P<0.05) of the RIJV at the cricoid cartilage 
level in the non‑PPTM group were significantly smaller 
during catheterization compared with those following the 
induction of anesthesia (Fig. 2 and Table II); however, no 
significant differences (P>0.05) in these measurements 
between these two time points were observed in the PPTM 
group (Fig. 3 and Table II). The CSA (P<0.01), AD (P<0.01), 

Table I. General characteristics of all patients.

	 Non‑PPTM group	 PPTM group
Variable	 (n=59)	 (n=60)

Age, years	 65.6±12.4	 64.8±10.8
Height, cm	 168.5±8.3	 168.2±7.8
Weight, kg	 61.6±7.2	 62.4±7.4
Gender, male/female	 37/22	 34/26
ASA class I/II/III	 24/31/4	 27/26/7

Data are expressed as mean  ±  standard deviation or number of 
patients. PPTM, puncture point‑traction method; ASA, American 
Society of Anesthesiologists.
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TD (P<0.05) of the RIJV at the cricoid cartilage level during 
catheterization were larger in the PPTM group compared 
with those in the non‑PPTM group (Table II). 

Changes in NOLR, NEABS and NFPP. During needle inser-
tion and catheterization, the NOLR (P<0.01), NEABS (P<0.01) 
and NFPP (P<0.01) in the PPTM group were significantly 

Figure 1. (A) In the PPTM group, the suture was wound around the left thumb for two turns, and was held closely to the middle of the  ultrasonic probe, which 
was pointed at the side of the head during catheterization. (B) In the PPTM group, a suture was applied to fix the RIJV catheter following the successful 
puncture. PPTM, puncture point‑traction method; RIJV, right internal jugular vein.

Figure 2. The CSA, AD and TD at the cricoid cartilage level were higher (A) following the induction of anesthesia in the non‑PPTM group than (B) during 
catheterization. CSA, cross sectional area; AD, anteroposterior diameter; TD, transverse diameter; PPTM, puncture point‑traction method. 

Table II. Changes in CSA, AD, and TD of the RIJV at the cricoid cartilage level following the induction of anesthesia and during 
catheterization, and other venipuncture‑related data for the two groups.

Outcome	 Non‑PPTM group	 PPTM group

CSA, cm2

  After anesthesia induction	 1.63±0.38	 1.61±0.31
  During catheterization	 0.93±0.21a	 1.72±0.33b

AD, cm
  After anesthesia induction	 1.55±0.73	 1.54±0.67
  During catheterization	 1.02±0.16a	 1.48±0.50b

TD, cm
  After anesthesia induction	 3.39±1.33	 3.40±1.31
  During catheterization	 2.18±0.28c	 3.38±0.29d

NOLR, n (%)	 4 (6.78)	 55 (91.7)b

NEABS during advancement of the needle, n (%)	 28 (47.5)	 53 (88.3)b

NFPP, n (%)	 40 (67.8)	 56 (93.3)b

Data are expressed as mean ± standard deviation, or number (n) and percentage (%). aP<0.01 vs. after anesthesia induction; bP<0.01 vs. the 
non‑PPTM group; cP<0.05 vs. after anesthesia induction; dP<0.05 vs. the non‑PPTM group. CSA, cross‑sectional area; AD, anteroposterior 
diameter; TD, transverse diameter; RIJV, right internal jugular vein; PPTM, puncture point‑traction method; NOLR, number with obvious loss 
of resistance; NEABS, number with easy aspiration of blood into syringe; NFPP, number of first‑pass punctures.
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increased compared with those in the non‑PPTM group 
(Table II). However, the DNI, catheterization time and TSR 
were not significantly different during catheterization between 
the two groups (P>0.05; data not shown). 

Complications. There was one case of exclusion from the 
study because of ICA puncture in the non‑PPTM group. Apart 
from this, there were no other complications in either of the 
two groups.

Discussion

Safe and efficient placement of central venous catheters is 
an essential skill in many fields of clinical medicine, which 
is mainly conducted by direct visualization methods. Some 
studies (13‑17) have indicated that ultrasound‑assisted guid-
ance of internal jugular vein catheterization increases the 
success rate, and reduces the catheterization time and punc-
ture complications. However, several studies  (18‑20) have 
found that perforation of the posterior vessel wall continues 
to occur, even when venipuncture is guided by ultrasound. 
Studies (21,22) have found that ultrasound‑assisted guidance 
cannot completely avoid ICA puncture because application of 
the ultrasound probe and advancement of the needle cause RIJV 
collapse. Gordon et al (21) have observed that the CSA and the 
diameter of the vein influence the success rate of central vein 
catheterization. In anesthetized patients, positive end‑expiratory 
pressure or the Trendelenberg position increase the CSA of the 
IJV (23,24). It was found in the present study that the RIJV 
could be maintained in a state of natural fullness by the PPTM, 
and it prevented the RIJV from collapsing due to stretching of 
the skin directly above the RIJV, with a success rate of 100%.

It was observed in the present study that the CSA, AD 
and TD of the RIJV at the cricoid cartilage level were smaller 
during catheterization than those after anesthesia induction in 
the non‑PPTM group, which may be attributed to the pres-
sure from the ultrasonic probe and the advancement of needle. 
However, there was no significant change in the CSA, AD and 
TD of the RIJV at the cricoid cartilage level between after 
the induction of anesthesia and during catheterization in the 
PPTM group. A sudden loss of resistance occurred in 91.7% 
of the patients during venipuncture in the PPTM group, and it 
was found that only the anterior vascular wall was perforated 
in these patients. Additionally, blood was easily aspirated in 

88.3% of the patients in the PPTM group, which implied that 
only the anterior vascular wall was perforated, and it was found 
that the advanced needle did not touch the posterior vascular 
wall. These findings confirmed that PPTM helped to maintain 
the natural state of fullness of the RIJV during catheterization 
by providing a counterforce against the pressure created by the 
advancement of the needle and the ultrasonic probe, and the 
PPTM helped the smooth backflow of blood without repeated 
venipuncture.

During venipuncture, we recommend that the suture is 
pulled closely to the middle of the ultrasonic probe, which is 
pointed at the side of the patient's head. The height of the ultra-
sonic probe was kept unchanged, the needle tip was inserted in 
a downward direction and it was found that the PPTM reduced 
the pressure on the RIJV caused by the ultrasonic probe and 
the advancement of needle, and maintained the skin directly 
above the RIJV in its original position. If the height of the 
ultrasonic probe was reduced with advancement of the needle, 
the CSA, AD and TD of the RIJV at the cricoid cartilage 
level would be influenced by the pressure of the ultrasonic 
probe. Therefore, the height of the ultrasonic probe was kept 
unchanged. Denys et al (6) concluded that the success rate of 
FPP was 78% using a 16‑G puncture needle. In the present 
study, a rather higher success rate of FPP (93.3%) was attained 
by the PPTM.

Verghese  et  al  (25) suggested that the IJV might be 
collapsed by advancement of the needle, which would increase 
the possibility of accidental ICA puncture. In the present study, 
it was found that the CSA, AD and TD of the RIJV at the 
cricoid cartilage level were relatively smaller in the non‑PPTM 
group than those in the PPTM group during venipuncture, so 
the possibility of accidental right ICA puncture was higher in 
the non‑PPTM group than in the PPTM group. One case was 
excluded from the present study because of ICA puncture in 
the non‑PPTM group, although there was no significant differ-
ence between the two groups with regard to success rate.

In our preliminary experiments, it was found that suture 
slippage was more likely when pulling the suture if the ends 
of the suture were wound around the right thumb pulp for less 
than two turns (data not shown). Therefore, it was decided 
that at least two turns of suture winding were necessary. A 
decision was also made to pull the suture 1‑2 mm above the 
neck skin, as it was found that the ultrasonic probe would not 
touch the skin when the puncture needle was inserted without 

Figure 3. CSA of the RIJV at the cricoid cartilage level (A) following the induction of anesthesia was comparable with that (B) during catheterization when the 
puncture point‑traction method was used. CSA, cross sectional area; RIJV, right internal jugular vein.
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pulling the suture. If excessive force was applied on the suture, 
the CSA of the RIJV at the cricoid cartilage level would be 
shown only partly in the ultrasound imaging, and the AD at 
the cricoid cartilage level would also be increased. Ultrasound 
imaging of the whole RIJV could not be obtained completely 
when the length of suture beneath the skin was too short or 
was not in parallel with the cricoid cartilage; therefore, it was 
decided to keep the suture >1 cm beneath the skin in parallel 
with the cricoid cartilage during venipuncture.

In conclusion, the findings from this study confirmed that 
the PPTM method facilitated the catheterization of RIJV and 
improved the success rate of RIJV catheterization in anesthe-
tized patients in the supine position.
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