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Abstract

We evaluated the safest approach to treat catheter-related cervicothoracic arterial injuries
by reviewing two inadvertent arterial injury cases during central venous catheter
insertion and their related complications at an intensive care unit. In the first case, C-
arm angiography confirmed accidental catheter placement in the right subclavian artery
(SCA). In the second case, accidental catheter placement in the right common carotid
artery was confirmed via computed tomography angiography of the neck and chest.
The catheter was connected to a high-pressure arterial bag in both cases. The Perclose
ProGlide Suture-Mediated Closure System (Abbott Laboratories, IL, USA) was used
and successfully operated the two cases of iatrogenic SCA and carotid artery injuries. A
follow-up bedside ultrasound at 2 and 6 hours postoperatively revealed normal Doppler
waveforms in the inadvertent arterial injury and distal arteries without hematoma at the
puncture site in both cases. In conclusion, for inadvertent artery puncture, which occurs
in <12% of jugular and subclavian venous procedures, the endovascular approach using
a covered stent appears to be safe for treating the accidental catheter placement in the
carotid artery, although some cases of post-procedure stroke have been reported. In
this regard, the percutaneous arterial suture device (Perclose ProGlide) offers an almost
100% success rate and lowers morbidity and mortality rates compared with open surgical
and endovascular approaches for treating iatrogenic SCA and carotid artery injuries.
These two cases highlight the effectiveness of minimally invasive percutaneous arterial
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closure devices in treating this infrequent but potentially lethal injury.
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1. Introduction

Central venous catheterization is routinely performed in inten-
sive care units and intraoperatively in some indicated cases by
anesthesiologists. This procedure involves catheter insertion
through the internal jugular vein (IJV) or the subclavian vein.
Real-time ultrasound guidance is commonly used to improve
the safety of this procedure. However, this procedure is also
blindly performed at patients’ bedside. Despite significant
advances in ultrasound-guided catheterization, the estimated
incidence rate of inadvertent artery puncture remains 2.5%—
4.5%, among whom 0.1%-0.5% receive large-bore catheter
cannulation [ 1, 2]. Given the anatomical artery position, man-
ual compression is often inefficient for achieving hemostasis
[3]. Thus, the invasiveness of the procedure and significant
blood loss during open surgery are the main disadvantages of
this approach. Unfortunately, as an alternative to open surgery,

endovascular use of covered stent grafts in the subclavian
artery (SCA) and carotid artery carries the risk of vertebral
artery occlusion and post-procedure stroke and death, respec-
tively [4, 5]. Recently, percutaneous arterial closure devices
have been used to treat injured vessels. Thus, in this case
report, we aimed to determine the safest approach to treat
catheter-related cervicothoracic arterial injuries by reviewing
our experience using the Perclose ProGlide Suture-Mediated
Closure System (Abbott Laboratories, IL, USA).

2. Case presentation

2.1 Case 1

A 52-year-old male patient who underwent cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy
for recurrent colon cancer with peritoneal metastases was
transferred to the intensive care unit (ICU) for postoperative
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management. His vital signs were: blood pressure, 110/57
mmHg; heart rate, 81 beats per minute; respiratory rate, 19
breaths per minute; and temperature, 36.6 °C. Laboratory
tests revealed: hemoglobin level, 7.8 mg/dL; leukocyte count,
16.4 x 109/L; hematocrit, 28.2%; platelet count, 92 x 109/L;
and international normalized ratio, 1.1. During his ICU stay, a
7-Fr triple lumen central venous catheter was placed through
his right subclavian vein under ultrasound guidance by a
senior ICU trainee resident. A percutaneous entry point was
identified on sonography, but a high backflow of blood was
also observed from the central venous catheter. In addition,
the ICU resident noted an arterial catheter tracing, which
was further confirmed via blood gas analysis. However,
the catheter was connected to a high-pressure arterial bag,
and an official referral was performed at our vascular and
endovascular surgery section for access site management.
A bedside ultrasonography color Doppler of the neck was
performed, which confirmed an accidental catheter placement
in the right SCA. The patient was brought to the operating
room, where he was injected with contrast through the central
line catheter, and C-arm angiography confirmed that the
catheter placement was positioned in the right SCA (Fig. 1).
The puncture site was >1.0 cm away from the vertebral artery
origin. No thrombus was observed around the catheter, and the
antegrade flow was normal, with no filling defects in the distal
arteries. We did not detect any sign of contrast extravasation,
arteriovenous fistula or pseudoaneurysm at the puncture site.
The Perclose ProGlide Suture-Mediated Closure System
(Abbott Laboratories, Illinois, USA) (Fig. 2) is generally used
for closing common femoral artery puncture sites. According
to the manufacturer’s instructions, this device should not be
used for puncture sites close to the origin of a major branch or
should not be located <1.0 cm from the bifurcation of vessels
because it could cause an intimal dissection, acute vessel
closure or pseudoaneurysm.

A 0.035” angled Terumo stiff wire (Terumo Medical Cor-
poration, Somerset, NJ, USA) was passed through the central
venous catheter and placed across the descending aorta. Then,
the central venous catheter was retrieved over the wire, and a
6-Fr percutaneous suture closing device, the Perclose ProGlide
Suture-Mediated Closure System (Abbott Laboratories, IL,
USA), was inserted over the Terumo wire. The suture was
deployed with the wire in place, and the knot was tightened
using a knot pusher. The suture was cut after confirming
the absence of an aneurysm or contrast extravasation at the
arteriotomy site. Bedside ultrasound at 2 and 6 hours post-
procedure revealed normal Doppler waveforms in the subcla-
vian and distal arteries without hematoma at the puncture site.
The patient had an uneventful postoperative recovery, and a
follow-up postoperative computed tomography (CT) scan of
the chest revealed no stenosis or filling defect in the right SCA

(Fig. 3).

2.2 Case 2

A 78-year-old woman presented to the emergency department
due to a 2-day history of abdominal pain and perineal wound
discharge. The surgical history included significant low-grade
mucinous adenocarcinoma of the anal canal and abdominal
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perineal resection 2 months before this presentation. The
patient was admitted for further investigation. During her
hospital stay, she developed a non-ST elevation myocardial
infarction with a very low Glasgow Coma Scale, hypotension
and seizures, thereby requiring intubation and mechanical ven-
tilation. The patient vital signs revealed a blood pressure of
74/46 mmHg, a heart rate of 123 beats per minute, a respiratory
rate of 24 breaths per minute, and a temperature of 36.3 °C.
She was transferred to the ICU for further management. Her
laboratory tests revealed: hemoglobin level, 9.7 mg/dL; leuko-
cyte count, 10.9 x 109/L; hematocrit, 32.7%; platelet count,
253 x 109/L; and international normalized ratio, 1.0. During
her ICU stay, a 7-Fr triple lumen central venous catheter was
placed through her right IJV under ultrasound guidance by a
senior ICU trainee resident. A percutaneous entry point was
identified on sonography, but a high backflow of blood was
observed from the central venous catheter. In addition, the ICU
resident noted an arterial catheter tracing, which was further
confirmed via blood gas analysis. However, the catheter was
connected to a high-pressure arterial bag. CT scan of the chest
on axial view revealed a CCA (common carotid artery) central
line coursing through the ascending aorta (arrowheads) and
its incompletely fistulized tip. (Fig. 4A,B). Subsequently, she
was referred to our vascular and endovascular surgery section
for further management. In the operating room, injection of
the contrast medium through the central line catheter and C-
arm angiography was performed to confirm the position of
the central line in the right CCA. No thrombus was observed
around the catheter, and the antegrade flow was normal, with
no filling defect in the distal arteries. Moreover, no contrast
extravasation, arteriovenous fistula or pseudoaneurysm was
observed at the puncture site. The Perclose ProGlide Suture-
Mediated Closure System (Abbott Laboratories, Illinois, USA)
(Fig. 2) was used for closing the femoral artery puncture sites.
The instruction manual states that this device should not be
used if the puncture site is close to the origin of a major branch
or located <1.0 cm close to the bifurcation of vessels, which
may result in an intimal dissection, acute vessel closure or
pseudoaneurysm.

A 0.035” angled Terumo stiff wire (Terumo Medical Cor-
poration, Somerset, NJ, USA) was inserted through the central
venous catheter and placed across the descending aorta. Then,
the central venous catheter was retrieved over the wire. A 6-
Fr percutaneous suture closing device, the Perclose ProGlide
Suture-Mediated Closure System (Abbott Laboratories, IL,
USA), was inserted over the Terumo wire. The suture was
deployed with the wire, and the knot was tightened using a
knot pusher. The suture was cut after confirming the absence
of aneurysms and contrast extravasation at the arteriotomy site.
She had an uneventful postoperative recovery and was trans-
ferred back to the ICU for further management. Moreover,
bedside ultrasound at 2 and 6 hours post-procedure revealed
normal Doppler waveforms in the right CCA and distal arteries
without hematoma at the puncture site. A follow-up postoper-
ative CT scan of the chest revealed no stenosis or filling defect
in the right CCA (Fig. 5).
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FIGURE 1. C-arm angiography confirmed the puncture and presence of a central line catheter in the right SCA.

FIGURE 2. The Perclose ProGlide suture device used in this study. (a) knot pusher/trimmer, (b) sheath, (c) handle, (d)
plunger.

FIGURE 3. Postoperative computed tomography scan of the chest revealed no stenosis or filling defect in the right SCA
(blue arrow).
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FIGURE 4. Pre-operative Computed tomography of the chest on axial view showing. (A) the right common carotid artery
(CCA) central line coursing through the ascending aorta (arrowhead). (B) Right CCA central line and its incompletely fistulized

tip (arrowhead).

FIGURE 5. Postoperative computed tomography scan of the chest on coronal view showing the absence of stenosis or
filling defect in the right common carotid artery (CCA) (arrowhead).

3. Discussion

The mechanical complications of central venous catheter in-
sertion, including pneumothorax, air embolism, misplacement
and bleeding, are quite frequent in clinical practice. Among
them, arterial injuries are the most devastating complications
because they could cause catastrophic morbidity and mortality
unless promptly and effectively treated.

The incidence of arterial needle puncture during central
venous catheter insertion ranges from 3.7% to 12% [6, 7]
and is often routinely recognized and treated with compres-
sion. However, serious arterial injury involving the dilator
or catheter is reported in 0.1%-1.0% of attempted central
venous catheter insertions [8]. Wide-ranging complications
include hematoma and excessive bleeding, arteriovenous fis-
tula, hemothorax, pseudoaneurysm and thrombus formation,
which could cause stroke, respiratory failure and death [9—

12]. Real-time ultrasound guidance is commonly employed
to improve the safety of this procedure, and non-radiologists
should undergo ultrasound training courses before performing
this procedure at patients’ bedside to avoid such complications.

A common treatment approach that generally seems in-
significant is to remove a small 22-gauge or 25-gauge “ex-
ploring” needle from the carotid artery and apply external
pressure to prevent hemorrhagic complications [13—15]. Ma-
jor complications related to needles in the aorta or carotid
arteries have been reported [16—18], and in these cases, ex-
ternal compression for 3 to 15 minutes was performed to treat
carotid puncture with a 20- or 21-gauge needle that occurred
under general anesthesia. These patients had extensive carotid
atherosclerotic plaque and presented with embolic stroke in the
first 48 hours following the operation.

Once identified, the management of more severe catheter-
related cervicothoracic arterial injury relies on several factors,
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including the injury site, patient stability, catheter diame-
ter, placement of the catheter and the patient’s neurological
conditions. Additionally, underlying arterial trauma must be
recognized early and managed appropriately.

One must be aware that the low internal jugular vein ap-
proach can injure the aorta, subclavian, innominate vessels
or carotid artery. Although the major arteries and the target
veins are parallel, many arterial injuries may occur far from
the targeted access vein, making it difficult to apply adequate
external pressure to effectively stop the bleeding from the
arterial puncture.

Prolonged arterial cannulation should not be tolerated due
to the potential risk of developing a thrombus at the site of the
arterial damage, particularly during prolonged catheterization.
Thus, if immediate treatment is not feasible, heparinization
should be considered.

Inadvertent arterial cannulation during central venous
catheterization can be treated via the following two
approaches: removal of the cannula and application of external
pressure, or immediate surgical or endovascular treatment.
Compared with endovascular approaches, open surgery is
more invasive, with higher morbidity and less effectiveness
for treating SCA injury because of the challenge of exposing
the operated region. The SCA is found deep within the soft
tissues behind the clavicle in a non-compressible location,
causing harder-to-establish hemostasis and increasing the
risk of hematoma or pseudoaneurysm. Open surgery, such
as sternotomy or thoracotomy, can be employed to treat
accidental SCA punctures, although it has high morbidity and
mortality rates [19]. Endovascular stent-graft placement from
an ipsilateral axillary or femoral artery is another option for
treating accidental SCA punctures. However, it comes with
a high risk of vertebral artery occlusion, stent thrombosis,
stent stenosis, and thromboembolic events [4]. In this regard,
numerous reports have described the successful application
of percutaneous closure using the Perclose ProGlide closure
device for an inadvertent SCA puncture during central line
insertion [7, 20-22].

In the carotid artery, complications are more likely to occur
in patients with large catheters. Some reports recommend the
surgical removal of all catheters equivalent or greater than 7F
due to the risks of potentially significant complications after
manual compression. Moreover, devastating consequences
could arise from the inadvertent insertion of the sheath in the
carotid artery, particularly if the sheath is removed and manual
compression is applied. Therefore, surgical repair is preferred
for 7F or larger catheters [9]. The endovascular approach
using covered stents appears safe for managing carotid artery
injuries. However, there is reported case of post-procedure
stroke and death after inserting an endovascular-covered stent
in the carotid artery [5].

In a study by Bechara et al. [23], the authors reported
the observations of 12 patients who underwent intraoperative
carotid artery introducer sheath insertion while attempting to
cannulate the jugular vein. Among them, six received imme-
diate exploration of the carotid artery, sheath removal, and
primary repair. The remaining six underwent percutaneous
closure using a suture-mediated closure device. All patients
were successfully treated, and the follow-up carotid duplex
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revealed no injury to the repaired artery. Therefore, percuta-
neous closure using the Perclose ProGlide closure device of an
inadvertent carotid artery puncture during central line insertion
could be a promisingly safe and less invasive procedure.

However, removal and compression should not be
attempted because of the high risk of complications with
dilator or catheter arterial injury. Although the exact device
diameter is not reported in the literature, larger catheters could
lead to higher complication risks in case of accidental artery
puncture [9].

Percutaneous arterial closure devices commonly used
to close common femoral artery puncture sites represent a
straightforward and safe alternative. Various devices, such as
Perclose ProGlide and Angioseal, have been used in similar
cases described in the literature. The Perclose ProGlide
closure device is indicated for the percutaneous delivery of
sutures for closing the common femoral artery and vein access
site in patients who have had diagnostic or interventional
catheterization procedures. For the two reported patients
in this study, the accidental SCA and CCA punctures were
successfully closed using the Perclose ProGlide closure
device, which helped avoid open surgery and the associated
high morbidity and mortality rates.

Bleeding, infection, pseudoaneurysm and arteriovenous fis-
tula formation are the most prevalent complications of these
devices. Meanwhile, the use of the percutaneous arterial suture
device (Perclose ProGlide) approach has a late complication
rate of <2% and a success rate of nearly 100% for repairing
femoral artery puncture sites [24]. Pikwer ef al. [25] found
that this approach could be limited in cases with obesity and
angulation. In such situations, the Perclose ProGlide closure
device should be inserted at a 45° angle to the femoral artery
puncture site. In our cases, the Perclose ProGlide closure
device was placed over a wire in real-time under fluoroscopy
monitoring to eliminate kinks and angulations.

4. Conclusions

Inadvertent artery punctures can be avoided when catheter
placement is performed under real-time ultrasound guidance.
However, in case of injury, percutaneous arterial closure de-
vices can be used to treat the injured vessels. In this re-
gard, the Perclose ProGlide closure approach offers an almost
100% success rate, with lower morbidity and mortality rates
compared to open surgical and endovascular approaches for
treating iatrogenic SCA and carotid artery injuries. However,
there are currently no standard guidelines for treating catheter-
related cervicothoracic arterial injuries, urging the need for
more studies on devices such as Perclose ProGlide to confirm
their clinical efficacies and improve the therapeutic outcomes
of such cases.

ABBREVIATIONS

1JV: Internal jugular vein; SCA: Subclavian artery; CCA:
Common carotid artery; CT: Computed tomography; ICU:
Intensive care unit.
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