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Background: Sepsis is one of the most common critical illnesses in intensive care unit (ICU) clinical
practice. Intravenous infusion technology is an important method for life support. The commonly used deep
vein indwelling is expensive, and the incidence of infection due to long-term placement is high. Ultrasound
technology can guide clinical puncture operations in real time and greatly improve the success rate of
puncture. In the present study, we aimed to explore the effect of ultrasound-guided external jugular vein
puncture and catheterization in patients with sepsis.

Methods: From December 2018 to December 2019, a total of 61 patients with sepsis from the ICU
or neurology care unit (NCU) were included in the present study and were randomly divided into the
experimental group (n=30) and control group (n=31). Ultrasound-guided indwelling cannula needle was used
in the experimental group, and blind indwelling cannula needle was used in the control group. The success
rate of puncture at first operation, indwelling complications (e.g., bleeding, redness, infection, poor infusion),
and operation time of the 2 methods were compared.

Results: A comparison of the patients in the control group with the experimental group indicated no
significant differences in age, body mass index, sex, temperature, mean aortic pressure, sequential organ
failure score, need for vasopressors, central venous pressure, leucocytes, hemoglobin, platelets, albumin, and
mechanical ventilation (all P>0.05). The duration of ICU or NCU stay was 5 days in the experimental group
compared with 7 days in the control group (P=0.009). Compared with the control group, the experimental
group had shorter successful puncture time (4.0 vs. 6.0 min, P<0.001), higher first puncture success rate (93%
vs. 71%, P=0.023), and a lower incidence of complications (12.5% vs. 45.0%, P=0.001).

Conclusions: For patients with sepsis in ICU, ultrasound-guided puncture is superior to blind manual

puncture.
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Introduction

Sepsis is one of critical illnesses seen in intensive care
unit (ICU) clinical practice, and is often induced by
factors, such as severe trauma, burns, major surgery, and
infection. The condition of patients with sepsis deteriorates
rapidly and even results in septic shock and multiple
organ dysfunction. Although there are good diagnostic
and treatment techniques and monitoring measures, the
incidence and mortality of sepsis are still high. Doctors
and investigators are faced with many serious problems.
Intravenous infusion technology is one of the important
measures to maintain the channel of medical treatment
for patients, which directly determines the timeliness and
effectiveness of treatment. The clinically commonly used
deep vein indwelling is expensive, and the incidence of
long-term placement infection is high. Therefore, choosing
an infusion pathway that can reduce repeated punctures,
increase rapid patency of the drug solution, reduce venous
catheterization complications, and prolong the indwelling
time is a critical clinical issue that needs to be considered. In
recent years, with the promotion of ultrasound, ultrasound-
guided peripheral venipuncture has become a new
alternative. Ultrasound technology can locate the blood
vessel and observe the inner diameter of the blood vessel,
thickness of the wall, and depth from the body surface (1),
which can guide the clinical puncture operation in real
time and greatly improve the success rate of puncture. It
plays an important auxiliary role in the management and
treatment of critically ill patients, and is a new auxiliary
method to improve the success rate of the first puncture (2).
There are few studies on the feasibility of external jugular
vein puncture and operation under ultrasound guidance,
especially for patients with sepsis. Deep vein puncture in
patients with sepsis are often at high risk of infection and
operation failure. Therefore, the aim of the present study
was to explore the effect of ultrasound-guided external
jugular vein puncture and catheterization in patients with
sepsis. We present the following article in accordance with
the CONSORT reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-2500).

Methods
Research participants

A total of 61 patients with sepsis treated in the ICU or
neurology care unit in the General Hospital of the People’s
Liberation Army from December 2018 to December 2019
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were enrolled, including 34 males and 27 females, according
to the inclusion and exclusion criteria. The inclusion criteria
were as follows: (I) age >18 years; (I) hospital stay >48 h; and
(IIT) case data with complete information. Exclusion criteria
were as follows: (I) patients with abnormal coagulation
function; (II) those who had just had neck surgery; and (III)
neck skin ulcerations. The definition of sepsis was based on
the new definition and new diagnostic standard sepsis-3 (3).
Patients with sepsis who had an infection and sequential
organ failure score (SOFA) score >2 were included as the
research participants. The present study was approved by the
Ethics Committee of the First Medical Center of the PLA
General Hospital (approval number: 20200328), and written
informed consent was provided by the patient or family
member. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Research grouping

Sixty-one patients were divided into the experimental group
and control group by random number table method.

Research methods

A Braun safety venous indwelling needle (18G, Melsungen,
Germany) was used for the puncture, and the operations
were performed by senior nurses who had been trained
in external jugular vein puncture specifications and
experienced in puncture. In the experimental group (n=30),
the Philips PureWave ultrasound system was used, which
is equipped with a high-frequency probe (L12-3), and
adopts ultrasound guidance to locate the external jugular
vein puncture catheter. Traditional blind puncture was
used in the control group (n=31) to compare the operation
time and success rate of 1 puncture between the 2 groups.
Complications included liquid extravasation, subcutaneous
hematoma, and phlebitis. In practice, only doctors with
sophisticated experience were permitted to do this.

Experimental group

The patient was placed in the supine position with a thin
pillow under the shoulders and the head tilted to the
opposite side, with 1 side of the neck fully exposed. The
puncture site was routinely disinfected with iodophor, and
the ultrasound probe was coated with a coupling agent and
covered with a disposable sterile probe protective cover.
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Figure 1 Detection of external jugular vein.

A hand-held ultrasound probe was used to evaluate the
position of the patient’s external jugular vein. The blood
vessel was selected, and the image was placed in the middle
of the short-axis plane. We determined the position, shape,
and depth of the external jugular vein (Figure 1), selected
the puncture point, and the direction of needle insertion.
The 18#-22# trocar was held in the other hand from the
midpoint of the probe and the needle was inserted at an
angle of 15-30° 1 cm upwards. Once the blood returned
into the syringe, the needle core was withdrawn while
pushing the cannula, and the needle core was then pulled
out. The trocar was fixed and the tube was successfully
inserted. The brief operation process is shown in Figure 2.
If the puncture was unsuccessful, the tube was removed and
the gauze pressed against the puncture site.

Control group

The patient was placed in the supine position with a thin
pillow under the shoulders. The point where the external
jugular vein expanded well or stimulated the patient to cough
to make the vein well exposed was chosen. The patient’s
head was tilted to the opposite side. Routine disinfection
was performed. The middle point between the mandibular
angle and the upper edge of the clavicle was selected as the
puncture point. For the puncture point, the proximal end
of the blood vessel was pressed with the left hand under
direct vision, and the intravenous indwelling needle was
used with the right hand at an angle of 15-20°; the skin was
tightened. If the blood returned to the syringe, the needle
core was withdrawn before sending the cannula into vessels.
If the puncture was successful, the applicator was fixed. If
the puncture failed, the tube was removed and the gauze was
pressed against the puncture site to prevent bleeding.
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Evaluation

The length of time required for successful puncture in the
2 groups was recorded, and we compared the success rate
of first puncture and the incidence of complications (e.g.,
liquid extravasation, subcutaneous hematoma, phlebitis)
within 7 days after catheter placement.

Statistical analysis

SPSS 20.0 (IBM, Armonk, NY, USA) statistical software
was used for the data analysis. Continuous variables were
expressed as mean = standard deviation, and compared by
2 independent samples #-tests. Categorical variables were
expressed by rate or composition ratio, and y’-test was used.
P<0.05 indicated statistical significance.

Results
Baseline characteristics

There were 30 cases in the experimental group. Ten cases
had sepsis caused by multiple injuries, 6 had abdominal
infection, 5 had severe pancreatitis, 7 had urinary tract
infection, 1 had right kidney tumor, and 1 was parturient.
There were 31 cases in the control group. Nine cases had
multiple trauma sepsis, 8 had abdominal infection, 7 had
severe pancreatitis, 5 had postoperative sepsis of gastric
cancer, and 2 had aortic dissection. The 61 patients had a
median age of 56 years; the median age of the experimental
group was 57 years and that of the control group was
55 years. There were no statistically significant differences
in the comparison of the 2 groups of patients with regard
to age, sex ratio, body mass index, body temperature, mean
arterial pressure, SOFA score, use of blood pressure drugs,
center venous pressure, white blood cells, hemoglobin,
neutrophils, platelets, serum albumin, and mechanical
ventilation (all P>0.05). The time spent in ICU in the
experimental group was significantly shorter (5 vs. 7 days,
P=0.009), and the difference was statistically significant
(Tible 1).

Comparison of puncture operation between the 2 groups

There were 22 successful 1-time punctures in the control
group with a success rate of 71%. In the experimental
group, there were 28 successful 1-time punctures with a
success rate of 93%. The difference between the 2 groups
was statistically significant (P=0.023). The distance from
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Figure 2 Brief operation process and schematic diagram. (A) Preparation for operation; (B) ultrasound has been prepared; (C) determining
the position of the puncture point; (D) determining the depth and diameter of the vein; (E) aseptic hood protects the probe, smears coupling
agent, and inserts the needle at an angle of 15-20°; (F) hyperechoic bright spot appears on the tube wall (puncture needle); (G) hyperechoic
bright spot appears on the lumen (puncture needle); (H) the needle is successful placed in vein.

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(1):530-537 | http://dx.doi.org/10.21037/apm-20-2500



534

Table 1 Comparison of general information of the 2 groups of patients

Luo et al. Ultrasound-guided external jugular vein puncture in ICU

Variables Total Experimental group Control group P value
Cases (%) 61 30 (49.2) 31 (50.8)

Age (years) 56 [44-71] 57 [46-73] 55 [43-69] 0.453
Male, n (%) 34 (55.7) 19 (63.3) 15 (48.4) 0.240
BMI (kg/m?) 23.9+4.3 24.3+5.2 23.5+3.2 0.428
Body temperature (°C) 38.0+0.8 38.0+0.8 37.9+0.7 0.480
MAP (mmHg) 77+11 78+12 7610 0.619
SOFA score 6.0 (4.0-8.0) 6.0 (5.0-8.0) 6.0 (4.0-8.0) 0.816
Vasoactive drugs, n (%) 19 (31.1) 10 (33.3) 9(29.0) 0.717
CVP (cmH,;0) 8.0 (5.0-10.0) 8.0 (6.0-10.0) 9.0 (5.0-10.0) 0.942
WBC (x10°%/L) 10.7 (7.1-15.2) 11.8 (7.4-16.4) 10.3 (7.0-12.9) 0.407
HB (g/L) 90+16 8717 94+15 0.073
NEU (x10%L) 0.9 (0.8-0.9) 0.9 (0.8-0.9) 0.8 (0.8-0.9) 0.279
PLT (x10%L) 171.0 (104.0-275.0) 162.0 (106.0-285.0) 184.0 (98.0-267.0) 0.773
ALB (g/L) 32.0+3.9 31.5+3.9 32.4+4.0 0.356
Mechanical ventilation (%) 37 (60.7) 20 (66.7) 17 (564.8) 0.344
ICU (days) 6.0 (4.0-10.0) 5.0 (4.0-7.0) 7.0 (5.0-14.0) 0.009

ALB, albumin; BMI, body mass index; CVP, central venous pressure; HB, hemoglobin; ICU, intensive care unit; MAP, mean arterial
pressure; NEU, neutrophil; SOFA, sequential organ failure score; PLT, platelet; WBC, white blood cells.

Table 2 Comparison of puncture effects between the 2 groups

Variables Total Experimental group Control group P value
Cases, n (%) 61 30 (49.2) 31 (50.8)

Operation time (min) 5.0 (4.0-6.8) 4.0 (3.0-5.0) 6.0 (5.0-7.5) <0.001
Distance (cm) 5.0 (4.0-6.0) 6.0 (5.0-7.0) 4.0 (4.0-5.0) <0.001
Success rate, n (%) 50 (82.0) 28 (93.3) 22 (71.0) 0.023

the puncture point to the midpoint of the clavicle in the
experimental group was longer than that of the control
group, and the difference was statistically significant
(6.0 vs. 4.0 cm, P<0.001). The total operating time of
the experimental group was significantly shorter (4.0 vs.
6.0 min, P<0.001), and the difference was statistically
significant (Table 2).

Comparison of complications between the 2 groups

The incidence of complications in the control group was
significantly higher than that in the experimental group
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(45% wvs. 12.5%), and the difference was statistically
significant (x’=10.313, P=0.001), as shown in Figure 3.

Discussion

For critically ill patients, intravenous infusion technology
is an important technology for life support (1). In patients
with septic shock, low blood volume, poor peripheral
circulation, and other factors often lead to poor venous
filling and severe edema of the limbs. After the peripheral
blood vessels are repeatedly punctured, the operation is very
difficult, and the fluid cannot be infused in time. Therefore,
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Figure 3 Comparison of complications between the 2 groups.

the choice of vein directly affects the success rate of
puncture and has a greater relationship with the occurrence
of complications, such as phlebitis (4). In the present study,
we found that ultrasound-guided external jugular vein
puncture can significantly increase the 1-time success rate
and shorten the time required.

The external jugular vein is the largest branch of the
superficial cervical vein. It is formed by the confluence of
the posterior branch of the posterior mandibular vein and
the posterior auricular vein near the mandibular angle (5).
There are no important accompanying nerves and aorta
around it. The vein has a large lumen and superficial filling.
With abundant blood flow, irritant and hypertonic drugs
can be rapidly diluted to avoid drug stimulation and damage
to the blood vessel wall. Because the external jugular vein
is closer to the heart than the limb veins, the drug can
quickly flow back to the heart and be delivered to all parts
of the body. Therefore, treatment with external jugular
vein infusion can significantly improve the rescue success
rate (5,6). Studies have shown that because the external
jugular vein is full and straight, it can effectively reduce the
incidence of needle prolapse (7,8), resulting in less frequent
swelling of blood vessels, and the indwelling time of the
vein can reach 4-7 days. Therefore, for patients with septic
shock without deep venous catheterization, external jugular
vein catheterization is the first and most effective treatment
option. However, due to the short exposure length of the
external jugular vein on the body surface, repeated puncture
is not suitable, and requires nurses to increase the success
rate of 1 puncture. It has been reported that different
puncture methods will affect the success rate of the first
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puncture (9). In the present study, we found that when the
diameter of the external jugular vein is measured using an
ultrasound instrument, the average diameter is between
0.25+0.05 cm, and the diameter of a common clinical trocar
is 0.18-0.2 cm; this can greatly improve the success rate
of the first puncture under direct vision. The success rate
of blind puncture mainly depends on the patient’s blood
vessel condition and the experience of the operator. The
probability of the first puncture is relatively small, and the
puncture effect is very uncertain. The use of ultrasound to
measure the diameter of the vein and the placement of a
peripheral venous indwelling needle guided by ultrasound
has the advantages of accuracy, speed, safety, and high
success rate of the first puncture (10).

In the present study, we found that, compared with
traditional blind puncture with bare hands, ultrasound-
guided external jugular vein puncture and catheterization
has the following advantages. First, the external jugular vein
can be accurately positioned, and the shape and diameter
of the blood vessel can be clearly explored. The operator
can use the help of the “perspective” effect of ultrasound,
and operations, such as puncture and tube placement, are
accurately completed (11), which greatly improves the
success rate of a puncture and reduces the harm of repeated
punctures. At the same time, ultrasound-guided puncture
shortens the operation time. Second, traditional blind
puncture may cause repuncture after needle insertion due
to poor control of the needle-insertion angle and depth.
After repeated repuncture, it may cause exudation around
the blood vessel. Ultrasound guidance can clearly display
the needle tip position and observe the needle depth in real
time, thereby reducing the blood vessel wall and soft tissue
damage, as well as fluid extravasation, phlebitis, and other
complications. The distance between the puncture point
and the clavicle midpoint during ultrasound-guided external
jugular vein puncture determines the number of punctures.
For example, if a puncture is unsuccessful, the probability
of successful puncture again is greatly reduced the closer
it is to the clavicle. Therefore, the longer the distance
between the puncture point and the clavicle midpoint in the
experimental group is, the more beneficial it is to use the
vein, which conforms to the principle of using the vein from
the distal end to the proximal end.

In clinical nursing work, the problem of difficult
venipuncture is often encountered. For blood vessels that
are poorly visible to the naked eye, nurses can apply this
new technology to solve the problem, which can not only
effectively increase the success rate of a puncture but can
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reduce puncture complications It also greatly reduces
the discomfort of patients, doctor—patient disputes, and
workload. However, the operator's proficiency in the use
of ultrasound is also an important factor in determining
the puncture time and the incidence of complications (12).
In the clinical setting, a number of steps must be followed.
First, the principle of aseptic operation must be strictly
followed. Compared with blind puncture, ultrasound-
guided venipuncture adds probes. Although there are sterile
protective sleeves and sterile coupling agents, the chance
of infection increases; therefore, this requires operators to
have a strict concept of sterility to prevent infection (13).
Second, the probe needs to be vertical to the skin, and the
action should be gentle during operation. Excessive force
should be avoided to compress the deflated blood vessels
to affect the image quality. The hand holding the probe
should find a suitable fulcrum to ensure that the blood
vessel image is placed in the center of the display (14).
Because the needle tip is not covered by the cannula and the
metal structure is the strongest ultrasonic echo, the speed
of the needle should be slowed down after entering the
upper wall of the blood vessel to ensure that the needle tip
can be clearly imaged. If the high echo highlight is found
to be offset, the direction and angle should be adjusted in
time. Third, the angle should be 15-30° when inserting the
needle. The speed should be fast and then slow. After the
needle tip is developed, the needle should be leveled before
pushing the cannula (15). Fourth, when the patient’s blood
volume is low and peripheral circulation is poor, ultrasound
shows that the needle tip has entered the blood vessel, but
there is still no blood return in the cannula. At this time,
it is uncertain whether the cannula is in the blood vessel.
Therefore, a syringe should be used for suction judgment.
In 5 of our cases in experimental group, the catheter was
successfully placed, but no blood returned. Aspiration
was required to confirm that the catheter was successfully

placed.

Conclusions

For patients in the ICU with sepsis, especially when they
have hypotension, poor peripheral circulation, and the
external jugular vein cannot be identified by the naked
eye, ultrasound-guided external jugular vein puncture can
greatly increase the success rate of a puncture and reduce
complications. In our opinion, this method is worthy
regularly applied in ICU practice, especially for patients
with sepsis. The sample size of this study was relatively
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small and further study involved more patients should be
warranted.
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